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Evaluation of the carcinogenicity effect of lead chro@gﬁe.

Chemical-physical properties
- - -
. e

Pure lead chromate is a gold to red powder with high
specific gravity:
6x10-5 g/1.

6.3 and very low solubility in water:

Studies on the carcinogenic effect of lead chromate in man

2.1 Baetjer reported in 1350 8 lungcancer‘cases at 3 small

factories producing lead and zink chromate (Ref No 5).

2.2 Langi3rd and Norseth (Ref No 6) studied in 1875 a small

factory in Norway producing chromate pigment among

others lead chromate (but zink chromate and sodium

dichromate was also produced). Among 24 male workers

who had worked in the factory more than 3 years there

were 3 workers with bronchial cancer and one with

gastrointestinal cancer. This corresponds to a rela-

tive risk for lung cance

e

of 383 to be compared with

the expected 0.0729. The =xposure was sstimated to

at the same factory

0.5-1.5 mg/m3. A new study in 1382
showed 6 deaths (0.135 expected) among the original 24
workers (Ref No 7). Thisz corresponds to a relative
risk of 44,

Everyone except one- worker who had got

lung cancer had been exposed to zink chromate and only

very sporadically to other chromates. Five of the six -
who had got lung cancer were smokers but the role of

smoking in this population has aot been studied.



2.

23 Davies (Ref No 8 and 9) studied on two occasions (1879 and
1984) 3 factories in Eﬁgighd where chrgpate pigment was
produced, among others lead chromate. Davies found the
follewing:

1979

Factory Expcsure No of Cases of lung cancer

workers Observed . Expected

A High and medium 175 18 3.17
Low 77 2 2.00

B High and medium 1186 . 7 1.43
Low 20 0 0.10

C High and medium 38 1 2.46
Low 13 1 Q .37

1984

A High and medium 333 21 3.45
Low 260 7 8.35

B High and medium 154 13 2:5
Low 41 2 1.03

C High, medium, low 241 T 6.45
In 2 ¢f the factories (A and B) there was an increase in
deaths due to lung cancer at high or medium but not at low
exposhre. In these 2 factories, besides lead chromate, zink
chromate was produced. Zink chromate was not produced in
the third factory (C).

2.4

Cooper (Ref No 10 and 11) stu@ied on two occasions (1876

and 1882) 3 factories in the USA. He found the following:



Factory No of workers Casas~with malignant tumors

= .
in the respiratory tract

Observed Expected
1976 1983 1976 1983 1976 1983
247 246 2 3 1.1 2.3
166 164 0 2 0.6
164 104 8 9 3.e

Number of cases of lung cancer was on the first occasion
too small to allow a statistical analysis. But the inves-
tigator concluded that there was a greater number of cases
than expected in factory No 3. The follow-up showed no
statistically significantly higher fregquency of lung cancer
than expected in factory 1, which only produced lead chro-
mate. However the number of lung cancer cases taken to-
gether from factory 2 and 3 which except lead chromate even

produced among others zink chromate was significantly
higher than expected.

2B Frentzel-Beyme (Ref No 12) studied the lung cancer morta-

lity in 5 pigment factories in Holland and West Germany. He
found the fo llowing:

Factory No of workers Deaths in lung cancer

Observed Expectead
1 319 5 2.2
2 141 2 0.8
3 97 G) 0.8
4 174 2 1.3
5 247 7 4.3
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Even if the number of observed cases was higher at all
factories the increase was statistically significant only
at one factory, No 3. It is reported that all factories

under the current time were producing both zink and lead
chromate.

Sheffet et al (Ref No 13) studied za pigment factory in
Newark. They found the following:

No of workers Cases of lung cancer

Observed Expected
Whites Non-whites ,
1296 21 16
850 10

They concluded that there was a statistically significant
relative risk of 1.6-1.9 for lung cancer among white
workers and that there was also an increase among the

non-white workers both of lung cancer and cancer of the

stomach and pancreas. The factory produced both lead and

zink chromate (proportions 2 to 1) but other chemicals,

potentially carcinogenic, were also produced.

Conclusion
The reported investigations show that there are.several
cases of inc:eased cancer mortality due to lung cancer

among workers in factories producing different types of

chromate compounds, among others lead chromate. However in

none of these factories lead chromate seems to be the only

product produced. On the other hand in all these cases

other chromates, e g zink chromate has been produced which

for several reasons (Ref No 14) has been considered a more

probable cause of the increased cancer frequency than lead
chromate.



3.

Even if the epidemiclogfcal studies Bgrformed cannot ex-
clude lead chromate as a cause of lung cancer in humans the
present scientific view must be that there are no results

showing that lead chromate causes cancer in man.

Studies on the carcinogenic effects of lead chromate in
animals

There are several carcinogenicity studies perfcrmed in ani-
mals. In some cases the test material is only described as
chromate dust. Whether it has contained lead chromate is
not known. Below are only those studies presented in which
it is clearly documented that the test material is lead

chromate without the presence of any other chromate.

Steffee and Baetjer (Ref No 15) instilled lead chromate

(0.3 ml of a 1% suspension) 6 times with 3 months'
te 13 guinea-pigs. No lung.

interval

tumors appeared during their

life time. The same authors injected intratrachezally 1 ml

of a 1% suspension of lead chromate powder 3-5 times with 3

months' interval. No tumors wers seen.

i

Furst et al (Ref No 16) injected 3 mg lead chromate in tri-

octanoin intramuscularly once a month during 4 months to 25

female mice. Two cases of lymphoma were seen within 16

months and 3 cases ¢f a lungadenocarcinoma within 24 months
among the 17 animals which were necrupsied. Similar fre-

quenci=s of tumors were found both among control animal

S

injected with the wvehicle and ameong those not injected at
all.
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Maltoni (Ref No 17) fqundethat a single subcutaneous injec-
tion of 30 mg lead chromate in water +3 40 Spraque-Dawley

rats gave rise to sarcoma on the injection site in 26 ani-

mals within 117-150 weeks. No case of sarcoma was found

among the 80 control rats injected with the vehicle.

Furst et al (Ref No 16) injected 25 male rats and 25 female

rats of Fischer-344-strain intramuscularly with 8 mg lead

chromate suspended in triocctanoin once a menth during 9
months. Lead chromate induced 14 cases of fibrosarcoma and

17 cases of rhabdomyosarcoma on the injection site in 31 of

47 rats. Furthermore 3 cases, of kidney carcinoma among 24

lead chromate treated rats were found. The control group -

22 animals - injected with the vehicle did not show any

such tumors.

Hueper and Payne (Ref No 18) implanted lead chromate intra-

muscularly. They found 1 tumor among 33 animals after 27

months. They also implanted lead chromate intrapleurally

and found 3 cases of tumors among 34 animals after 27
months.

Levy (Ref No 19) implanted intrabronchially 2 mg lead chro-
mate in 2 mg cholesterol with the hélp of a stainless steel
net in 8 weeks old ratsz, 22 females and 48 males.

mals were sacrificed after 2 years.

The ani-
One case of bronchial
cancer was found which was not statistically significant.
No case of bronchial cancer was found among the controls.
Six other qualities of lead chromate were tested in the
same way. Three of them showed the same results a

tioned above, while no tumors were found for the other 3.



Conclusion
- -

From the reported cidrcinogenicity stue#ies in animals 1t can

be seen that lead chromate causes sarcoma at the site of

subcutaneous or intramuscular injections cor intrapleural

implantation. Furthermore 3 cases of kidney cancer were

Ound amon ¥ rats iven m ea chromate in
£ g 24 rats g 8 mg lead ch t

ct
H

larly. On the other hand there were no statis
ficant increase of lung tumors after 2 years o
chial implantation of 7 different gqualities of

mate. There is little doubt that the local sarcoma after

injections are related to lead chromate while the relation-

ship between lead chromate and the observed kidney tumors

is doubtful. It is well known that different compounds with

a very low solubility can produce this type of local tumors
in rodents rather due to the unspecific physical properties
as very. low sclubility rather than due to specific chemical
properties as reactivity (Ref No 20). It has

also been

shown that these local sarcoma in rodents have no proven

relevance to man (Ref No 21). Furthermore

significant increase in

there was no
lung tumors after intrabronchial
implantation which furthermore questicns if the ochserved

local sarcoma are indicative of any specific carcinocgenic

capability of lead chromate of importance Lo man.

Studies on other biological effects of importance for the

evaluation of the carcinogenic properties of lead chromate

Different short term studies in particular
and mutagenicity could be of importance when
carcinogenicity of a chemical. Most of
studies are performed in vitro but due
lity of lead chromate in

possibility to study these
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Nestman et al (Ref No 22) have studied lead chromate dis-

solved with the help of scodium hydroxide or weak hydro

chloric acid in different microbiel systems. They found

that lead chromate dissolved in this way caused mutations

in E. coli and 5. typhimurium and mitosrecombination in

Saccharomyces cerevisiciae.

-

Douglas et al (Ref No 23) examined chromoszom aberrations
and sisterchromatide exchange in cultured human lymphocytes
and DNA-fragmentation in ovary cells from Chinese hamster.
They found dose dependent chromosom aberrations and sister-

chromatide exchange but no DNA-damage.

Petrilli and DeFlora (Ref No 24) found that lead chromate
caused mutations in 3. typhimurium.

Newbold et al (Ref No 25) studied the mutagenicity of among

other things lead chromate in V7%-cells from Chinese

hamster. They found no effect of lead chromate and claimed

that this was due to the low solubility“of lead chromate.

Casto et al (Ref No 26) studied

the effect of among other
things lead chromate in a virus

transformation system. They

showed an increase in the virus induced transformation of

primary hamster embryo cells which was of the same order of

magnitude as that for more scoluble chromate as potassium
and zink chromate.

Conclusion

rom the above investigations it can be concluded thst

chromates including lead chromate can cause genotoxic ef-

fects including mutaticns. It seems as these effects are
correlated to the solubility of chromates in such a way

that the higher the solubility the greater the effect, i e

a suggestion of a direct dose-respons for the chromate ion.

The fact that even lead chromate induces mutations



g

might be due to the solution of lead chrxomate with the help

of acid or alkalie which has given a low but sufficiently

high concentration of chromate ions. Whether similar chro-

mate concentration can be obtained from lead
physiological conditions is unclear.

chromate under

Thus lead chromate has
a genotoxicity probably mediated via the chromate ion. It

cannot be excluded that this can contribute to the possible

carcinogenicity of lead chromate but there is no experimen-
tal suprort for this hypothesis.

5. Handling

Lead chromate is handled under different conditions,

production, manufacturing of paints,

e g
at painting and at any
work with products which have been painted with lead chro-

mate containing paints. None of these types of handling ex-

clude the possibility of exposure of perscnnel. Particular-
ly at the latter situation it is difficult to =stimate the

size of the exposure while it ought to be rather low at

painting.
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TABLE 1 Grades for Ocular Lesions

Descniption

Grade

Comea

Oraziy: 2ezree OF denvaty (area most dense taken for reading)

Noulc .'"':'*. or o;'.-ac':t‘_-'

Sccttered or ciffuse arezs of opacity (other than siizht dullinz of normal luster),
details c7 ins cleariy visible

E_< v discernuble tranciucent areas, details of iris slizhtly obscured

*..crecus zreas, no detais of ins visible, sze of pupii bareiy discernitle

Orzcue ccrnea. ins not discerruble through opacity

Iris

Normal

Markedly deezened ruzze. o
oz injezion. any of “hece o

—a e ,

cestion. swelling, moderzte ciocumcomeal hyperemia
r anv combination thereo!. izis i reacting 1o light

Recness (zeless to pac2orzi and bulbar conjunctivae exciucons sSme2 and iris)

Blood vesseis normal .
Same blood vessels dednitely hyperemic (injected)

DifZuse. cimson coier. individual vessels not easiy discemnitle

DiiZuse teerv red

Chemosic: 11ds and or n:ciitating membranes

No swelling

Any sweiling above nommal (includes ruciitating memberzanes)
Obwvious sweiling with pa—ial eversion of lids

Swelling with lids abous: zaif closed

Swelling with lids more than half closed

s L )2 ova

Wi 1) = O

B ot = O

Reacings at these numencal values or greater indicate positive resoonses.
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DHSS/IPCS Risk Assessment Seminar

Acute Toxicity: Case Study I

- =

—,

Safe handling, use, transport and disposal of a substance
and products which incorporate it.

Group A - develop scientific/medical advice required to
ensure product safety and worker safety in
relation to acute toxicity.

Group B - develop the manufacturer and marketer’s view
of how they can make and sell the product with
minimum trouble to their business.

Group C - develop the view of a regulatory authority on
the controls, product labelling etc. required
to protect those manufacturing and using the
substance and products containing it from any
acute toxic hazards.

Substance —(Ethyi;ne glygéii(ﬂo CH, . CH

2 OH) .
Uses - Chemical intermediate, antifreeze for motor
vehicles, aeroplane deicing, hydraulic fluids, heat
exchangers, solvent.

Physico-chemical Properties - clear, colourless, syrupy
hydroscopic liquid with a sweet taste; Odourless; Mol.
wt., 62.07; specific gravity, 1.11 at 20°C; melting point,
13°C; boiling point, 197.6°C; vapour pressure, 0.06 torr
at 20°C; flash point, 115°C; saturation concentration in
air at 20°c, 79 ppm; saturation concentration in air at
25°C, 131 ppm; miscible with water, alcohol and ether.

Biological properties

Acute Toxicity - Oral LD, : Rat 5.89-13.4 g/kg bw: mouse
8.0-15.28 g/kg bw: rabbit 5 g/kg bw: Guinea pig

8.2-11.0 g/kg bw: dog >8.81 g/kg bw: lethal dose in man
1.56 g/kg bw.

Intraperitoneal LD, 6 : mouse 5.8 g/kg bw (no deaths at
0.58 g/kg bw).

Subcutaneous LD, : mouse 10.0 g/kg bw (no deaths at 1.73
g/kg bw), rat 53 g/kg bw.

Acute effects in man

CNS effects (drunkenness, nausea, vomiting, depressed
feflexes, nystagmus, coma, convulsions and death) seen
5-12 hours after exposure.
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Cardiopulmonary effects (tachypnea, tachycardia,
hypotension, cyanosis, pulmonary oedema, cardiac
enlargement, congestive .heart failure, death) seen 24-72
hours after exposure. - T

Renal failure (oxaluria, increased NPN, anuria, acute
tubular necrosis, death) seen following the above.

Eye irritation - single exposure of rabbit eye produced no
appreciable irritation. One drop of 4% glycol in saline
every 10 minutes for 6 hours caused conjunctival redness,
mild conjunctival swelling and iritis;. a 0.4% solution
had no adverse_effects. Humans exposed to glycol spray
(conc. 17 mg/m” ) showed no ill effect; a concentration of
265 mg/m- produced no damage in chimpanzees. Eye
irritation, oedema of the eyelids and some corneal opacity
were se§n in rabbits and rats exposed to spray containing
12 mg/m

Skin irritation - no signficant action on the skin. Skin
becomes oedematous following severe and prolonged
exposures.

Inhalation of Vapour - Rats were exposed to 500 ppm in air
for 28 hr over 5 days. There was slight narcosis but no
deatps Rats and mice exposed to 140-160 ppm (350-400
mg,/m 8 hr/day for 16 weeks showed no injury.

Animals (? rats) exposed to vapour 24 hr/day for 3 months
showed n9 effects at 0.3 mg/m  but depression of growth at
8.4 mg/m

Rats, rabbits, guinea plgs, squirrel monkeys and dogs
were exposed to 57 mg/m , 8 hry/day, 5 day/weeks for 6
weeks without adverse effects Animals exposed for 24
hr/day for 90 days to 57 mg/m  showed moderate to severe
eye irritation and corneal opa01ty (rabbits after 3 days,
rats after 8 days).

Monkeys were exposed to 500-600 mg/m3 glycol as aerosol
for 2-3 weeks with no adverse effect. Even 5-7 months
exposure produced no adverse effects in some animals.

Humans were exposed to glycol aerosol (particle size 1-5
pum) at a concentration of 3-67 mg/m for 20-22 hr/day for
1 month. Some nasal and throat irritation, sllght
headache and backache were reported; 200 mg/m was
intolerable and 140 mg/m very noticable.

. Humans were exposed to 68.5 mg/m’ of vapour + aerosol with
no adverse effect. 13? mg/m- produced throat and eye
irritation. 2055 mg/m proved intolerable.



Long-term toxicity

The no-effect level (mel] of glycol in the diet of animals
has been studied by several workers. **Blood (1965) found
this to be 100 mg/kg bw/day in a 2-year test in rats.
Renal calcification and oxalate stones found at higher
levels. Antonyuk (1974) found the nel to be 0.97
ml/kg/day in a 3-month study and Gaunt (1975) found that
at and above about 180 mg/kg/day animals developed
oxaluria and renal damage. Other studies have shown that
monkeys could consume 0.14 - 0.17g/kg/day for 3 years
without adverse effect, while 0.24 g/kg/day for 157 days
caused oxalate deposition in kidneys.

Rats, rabbits. mice, guine? pigs, dogs and monkeys were
exposed to 275 mg glycol/m” (100 ppm) for 3 weeks without
adverse effect other than pulmonary irritation in rats and
mice.

Absorption and metabolism About 60% of inhaled glycol
vapour 1s retained by rats; much of it is deposited in the
nasopharyngeal region. The half-life in rat blood was 53
hours. The predominant routes of elimination were in
expired air (55-70%) and urine (14-26%).

Glycol is rapidly distributed into the body water. As
much as 22% may be excreted unchanged in urine initially.
Most is excreted as CO, by the lungs. Glycolic acid
(HOOC.CHO) is also excreted in the urine (up to 30-40% of
administered dose). The amount of oxalic acid formed
varies in different species - 0.25 to 3.0% in laboratory
animals, 2.3% in man and 18-20% in monkeys.

Mutagenicity - non-mutagenic in several systems.

Carcinogenicity - no tumours were caused by subcutaneous
injection twice weekly for 1 year into rats which were
maintained for a further 18 months. No tumours were
caused by feeding a diet containing 1% glycol for 2 years
to rats.

Teratogenicity - Groups of 20 pregnant rats were exposed
to diets providing 1000, 200 or 40 mg/kg bw/day of glycol
between the 6th and 15th days of pregnancy with no
evidence of maternal toxicity and no significant
foeto-toxicity or increased incidence of major
malformations. Pregnant rats were administered glycol by
gavage at doses of 1250, 2500 or 5000 mg/kg bw on each day
from days 6-15 of gestation with no visible signs of
maternal toxicity, although body weight was reduced.
Foetuses from the middle and high-dose groups were lower
in weight than controls and an increase was seen in the
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incidence of malformation (1.4% in controls, 6.7% at 1250
mg/kg, 25.1% at 2500 mg/kg and 75.5% at 5000 mg/kg). The
most common malformatieoms were clefts in the lips, face
and palate and skeletal abnormalities '@f the skull, ribs
and vertebral column. A similar picture was found in
pregnant mice administered 0.750, 1000 or 3000 mg/kg
glycol, all dosage levels being affected.

In another study glycol was administered to pregnant rats
and mice a daily dose of 2000 mg/kg/bw in drinking water
and this induced a significant number of facial
deformities in the young.

Mice and rats have also been exposed on days 6-15 of
pregnancy (6 hours/day) to aerosgpls at concentrations of
0, 150, 1000 or 2500 mg glycol/m” . This was without
significant effect in rats but in mice on the two highest
exposure levels there was an increase in the incidence of
malformation of the head and skeleton. It is possible
that some glycol was ingested as well as ighaled by these
animals. The no-effect level was 150 mg/m .

Areas for consideration

1. Wwhat atmospheric concentration limits, if any, should
be set for the workplace to ensure the absence of acute
toxic reactions in the workforce? 1Is there a need to
define a limit which should never be exceeded in the
workplace? 1Is there need tgo set a limit which would
ensure that workers are not exposed to excessive amounts
during the whole working day (of, say, 8 hours)? 1If so,
what should these limits be?

2. What other information, if any, would you require to
set safe exposure concentrations for workers.

3. What other safety precautions should be advised to
ensure worker safety while handling, using, transporting
and disposing of the glycol? If personal protection is
needed (e.g. gloves, respiratory protection), under what
conditions would they be needed - continuously or for
emergencies?

4. How should glycol be labelled to avoid acute toxicity
if sold to the public in the pure form or in a
concentrated form (e.g. as a car antifreeze)? Note women
and children may be exposed as well as men.

5. Would there by any need to label a product of the
following composition to avoid acute injury from glycol.
The product is fictitious but might be a rust preventative
paint.
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Mineral o0il, solvent refined

-Ethylene glycol
Phosphoric acid
Emulsifier
Sodium nitrite
Water

-

-

50%

103

10%
3%
25%



DHSS/IPCS RISK ASSESSMENT SEMINAR

Acute Toxicity: Case Study 2

b

Measures required to protect workers and the local
community from health risks associated with the accidental
release of a dangerous substance stored on a factory site.

Group A - develop the view of commercial management
responsible for running the storage site.

Group B - develop the scientific/medical advice required
to eglminate or minimise hazards.

Group C - develop views of the local authority who wish
the general public to be protected from accidental release
of the substance.

Substance Ammonia (NH3)

Scenario J. Bloggs & Co., wish to install two liquid
ammonia storage tanks at their site which is situated near
a village. See the map which shows the direction of the
prevailing wind and the areas which mathematical modelling
suggests will be enveloped for 30-60 minutes by the stated
concentrations of ammonia gas following its release from
the site following sudden massive rupture of the tanks
(total storage capacity 25,000 kg).

Physicochemical properties Colourless gas at normal
temperatures; strong irritating odour; mol. wt., 17.03;
melting point, - 77.7°C; boiling point, - 33°C; vapour
density, 0.59 at 25°C; soluble in water (90g/100 ml at
0°C); pH of 1% aqueous solution, 11.7; explosive limits,
16 to 25% by vol in air; odour threshold, 3.5 to 37 mg/m3
(5-53 ppm).

Biological Properties

Acute Toxicity - 50% of cats and rabbits exposed to 7000
mg/m- for 1 hour died with severe damage to upper :
respiratory tract, damage to bronchioles, alveolar
congestion and oedema, atelectasis, haemorrhage,
emphysema.

LC503{2 hour exposure) of rats and mice is 7600 and 3310
mg/m  respectively.

Exposure to 35-70 mg/m3 of ammonia for 23-3 hours
decreased by 33% the respiratory rate of rabbits. Blood
pH not affected but blood urea was raised by 25% and blood
CO, by 32%. There were no adverse effects on the lungs,
liver, spleen or kidneys.



Short-term toxicity

Guinea pigs, rats, rabbits, monkeys and dogs were exposed
to 155 and 770 mg/m° ammonia for 8 hours a day, 5 days a
week. No signs of toxicity, haematological changes or
gross or microscopic pathological changes were seen at the
lower concentration; higher concentration caused
lacrymation in dogs and rabbits.

Continuous exposure of rats for 114 days to 4mg/m’
produced no signs of toxicity. Rats exposed to 127 mg,/m’
for 90 dgys developed no abnormalities; rats exposed to
262 mg/m- for 90 days developed a mild nasal discharge;
rats exposed to 455 mg/m’ for 65 days showed mild dyspnoea
and nasal irritation and 32/51 died by day 25 and 50/51 by
day 65.

Following continuous exposure for 90 days to 470 mg/m3
ammonia; 13/51 rats, 4/15 guinea pigs, 0/3 rabbits, 0/2
dogs and 0/3 monkeys died. Rabbits showed redness,
discharge and corneal opacity in the eyes. Diffuse
pneumonitis was seen in many animals.

Pigs exposed to 100 ppm for 2-6 weeks developed
conjunctival irritation but no bronchial or alveolar
injury.

Human Experience

Volunteers inhaled 21 and 35 mg/m’ for 10 minutes; mild to
moderate irritation was reported. 35 mg/ma for 5 minutes
was got irritant to the eyes, nose, throat or chest but 94
mg/m- caused eye irritation, lacrymation, and nose and
throat irritation in all volunteers and chest irritation
in one person. Six subjects exposed to ‘17, 35 and 70
mg/m- for 2, 4 or 6 hours reported no discomfort but signs
of nasal irritation were seen. All 7 volunteers reported
severe respiratory tract irritation when exposed "nose
only" for 30 minutes to 35 mg/ma. 16 volunteers were
exposed to 50, 80, 110 and 140 ppm ammonia for 2 hours
with no effect on ventilatory capacity or l-sec forced
expiratory or respiratory volumes. Eight of them found
140 ppm so severely irritant that they terminated exposure
before 2 hours.

Strong ammonia solutions in water produce severe eye and
skin injury following short periods of contact. Very high
concentrations of vapour have been shown to produce
chemical burns, blisters and severe oedema of the eyes,
nose and throat with coughing, dyspnea and progressive
cyanosis. Shock and chemical -pneumonitis occur in severe
cases with death from pulmonary oedema.
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Residual effects following exposure include decreased
respiratory function and bronchiectasis.

Areas for consideration e

1. wWhat gas concentrations are likely to produce

a) minor adverse effects which are not life u;&~f*- e |

threatening?

b) more severe adverse effects which may require
medical treatment to avoid fatalities or residual
injuries?

c) death?

e

Note in considering this, exposures for %—1 hour
might be expected.

2. Are there enough toxicological and human data to judge
the risks?

3. How accurate are the forecasts produced by
mathematical modelling of exposures likely to be?

4. wWhat is the likelyhood of a massive ammonia release
occurring and is any extensive emergency planning
actually necessary?

5. What emergency plans might be developed by the
authorities (police, hospital, ambulance service,
emergency rescue and fire service) in conjunction with
Bloggs and Co?

6. Should the storage of 25,000 kg of ammonia be allowed
on the site (if ammonia storage is not allowed Bloggs
and Co. will move their factory with the loss of 500
jobs in the wvillage)?

7. 1f storage of 25,000 kg of ammonia is allowed what
could be done to make a safer situation?
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CASE STUDY: THE CHRONIC TOXICITY OF HEXANE IR 2

1 Attached are two documents:

- -

a) an outline of basic information on hexane andsit's presumed neurctoxicity
in man (background extract from ACGIH documentation).

b)  Summaries of a series of repeated dose toxicity studies in animal
species (extracts from _Toxicity Review 18, HMSO, pub. November 1987).

2. You are invited to:
a) assess the studies (as far as possible)
b) evaluate their relevance to human workplace expasure

c) suggest (if appropriate) further studies.

DR H P A ILLING
9[\-\ / V_"U/\

November 1987
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HEXANE
CAS: 110-54-3

n-Hexane

CH,(CH.),CH,

- =

TLV-TWA, 30 ppm ( = 180 mg/m’)

Normal hexane is a clear. volatile liquid. Its phvsiochemical proper-
ties incluae:

Moiecular weight: 86.17

Speciric gravity: 0.600 at 20°C

Soligifies: -95% to - 100°C

Boiling point: $8.95°C

Vapor pressure: 124 torr at 20°C

Closed cup tlash point: - 23°F (=30.56°C)
Explosive limits: 1.2% and 8% bv volume in air

Insoluble in water, n-hexane 1s miscible with most organic solvents
and quite soluble in alcohol.

Commercial hexane is a mixture of hexane isomers with small
amounts of cyclopentane. cvclohexane, and pentane, and heptane
isomer. It mav contain as little as 20%, or as much as 80%. of nor-
mal hexane. The commercial grades of hexane are used as solvents
tor vegetable oils. adhesives, etc., and as denaturants for alcohol.
The various hexane isomers are present in varying amounts in petro-
leum ether, rubber solvent and gasoline. According to McDermott
and Killianv " the average hexane content of vapors encountered in
buik gasoline handling was 5.9% of the total: 1.5%., or slightly over
a quarter or the total hexane content, was n-hexane.

Hexane s three times as acutelv toxic to mice as is pentane; con-
centrations of 30,000 ppm produced narcosis within 30 to 60
minutes. and convulsions and death resulted from 35.000 to 40,000
ppm.** In man, 2000 ppm tor 10 minutes resulted in na erfects,
but 5000 ppm caused dizziness and a sense ot giddiness.” Drinker
et al found slight nausea. headache. eve and throat irritation to 1400
to 1500 ppm. Nelson and co-workers® found no irritation at 5000
ppm in unacclimated subjects.

The preceding data relate generallv to n-hexane, although the pu-
ity of the liquid was not alwavs specified.

Volatlle petroleum solvents, such as petroleum ether and rubber
solvent. which contain various 1somers of hexane. as well as other
alkanes. nave heen observed to cause narcotic symptoms. such as
dizziness. when concentrations exceed 1000 ppm. hut rrom levels
betow 300 pom

Until recentlv, chromc intoxication rrom hexane nad not been es-
tablisnea. In 1967 Yamada® described 17 cases of polvneuritis
among workers exposed reportedlv to n-hexane. Six worked in
laminating plants where concentrations of hexane vapor ranged from
1000 to 2000 ppm. The hexane solvent contained 63 ot the nor-
mal isemer. Eleven cases were trom a pharmaceutical plant where
concentrations o1 hexane 195% n-nexane) were berween 300 and
1000 ppm.

Yamamura, in 1969 reported that 23 of 296 workers exposed to
hexane 1n the manuracture o1 sandals were classified as having polv-
neuropathv. * Exposures ranged trom 300 to 2500 ppm. tor 48-hour
or longer work-weeks. Inoue. reporting on the same studv, indicated
that some anected workers had exposures to n-hexane below 500
ppm, ™

P

Herskowitz et al'" described three cases in 1971 of sensorimo-
tor polyneuropathy in employees of a furniture factory. n-Hexane
concentrations averaged 650 ppm.

In 1975 Takeuchi and co-workers'? found four persons exposed
to petroleum benzine to have symptoms of polyneuropathy. The sol-
vent contained 12.5% n-hexane, and the n-hexane vapor concen-
tration Lr;.the workroom air probably did not exceed 210 ppm.

Abrittie and associates'" and Buiatti and co-workers ' reported
upon polvneuropathy among Italian shoe workers. There was a corre-
lation of incidence and intensity of signs and symptoms with the
degree of exposure 10 glue solvents. Abbritti found these solvents
to contain chierly pentanes, hexanes, and heptanes. Buiatti reported
that the solvents apparentlv responsible tor 86 cases ot polvneuro-
pathy among 338 workers contained 40%-30% n-hexane, 7%-34%
other low-boiling hydrocarbons and 7%-10% n-heptane.

No measurements of solvent vapor concentration were reported,
but Buiatti noted that 17 ot 39 arfected workers used less than 1.3
kg of glue per day. Except with extremely poor ventilation, average
vapor concentrations in excess of 500 ppm would not be expected
from operations involving such quantities of solvent.

Cavigneaux,'™ in 1972, noted the occurrence of numerous cases
of loccupational) polyneuritis in several countries, and that in many
the incriminating agent was n-hexane in high concentrations.

In 1973 Gaultier'® reported polvneuritis among workers exposed
to the vapors of solvent containing 80% pentane. 14% heptane, and
3% hexane.

While manv of the above reports specified n-hexane as the chief.
if not the only, solvent used. some'*'"'™ indicate that exposures
were to mixtures in which n-hexane was, or may have been, a minor
ingredient. It would be unusual, moreover, for n-hexane as such to
be used for general solvent purposes. Even a verv narrow boiling
range solvent would be likelv to contain as much as 95% of a single
compound. In most instances it is probable that commercial hexanes
were used, with normal hexane contents which might varv trom 20%
to 80%. Details of the analvtical procedures in the above reports were
not given.

It 15 not an uncommon practice. when discussing pararfin com-
pounds. to omit anv prefix when rererrring to the normal isomer.
Thus. on the one hand. hexane mav in fact mean normal hexane.
and on the other hand. it mav be assumed to be the normal isomer
whnen other hexanes are present and mav even predominate,
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Table 3: Effects of prolonged e

-y A 7 T »

xpﬁsqrgjgg n-hexane, (and hexane) in animals

Species/strain/ Concentration/dose/ Observations

number of animals ot duration/purity

INHALATION EXPOSURE

Rat (115, 127) 0, 125 or 300 ppm c.22 No .geaths occurred. Abnormal gait was

CD(Sprague-Dawley derived)
24 males (0 ppm), 14 males
(125 ppm) 34 males (500 ppm)

hours/day 7 days/week for
up to 6 months

n-Hexane was 99.3-99.4%
pure. A residue
containing a phthalate
ester type compound was
found in the vapour
generation system, and
originated apparently
from the test materfal

40

noted at 500 ppm from week 14. Body weight
gain was reduced from week 3 at 500 ppm.

Increased relative liver and kidney weights
were noted after 6 months' explosure to 500
ppm  (p<0.01). No toxicologically
significant effects were noted on the
weights of brain, spleen, heart (plus
trachea), lung, testis or adrenals.

An extensive pathological examination was
conducted after 6 months on 10 rats per
group. Treatment-related discoloured and
raised/soft areas were noted on the liver
at~ 125 and 500 ppm. Microscopically
mild-moderate panlobular liver necrosis was
noted in 2-3 rats at both concentrations.
Other microscopic lesions noted at 500 ppm
were: traces of degenerative and
regenerative changes in the kidneys of 4
rats (fncluding respectively caste
formation and cytoplasmic basophilia);
axonal degeneration (swellings) in the
sciatic nerve and lumbar and sacral spinal
cord in 7-8 rats, together with minimal
myelin vacuolation in the spinal cord in 1
rat; atrophy of gastrocnemius muscle of 9
rats. None of these lesions was noted in
control rats.

No treatment-related lesions were noted in
the many other tissues examined
microscopically, including lungs, testis,
lymphoid organs, salivary glands and nasal
turbinates.

.The nervous system was also examined by

special histochemical techniques (every
month at 500 ppm and after 6 months at 125
ppm). At 500 ppm, some axonal swelling was
seen in the tibial nerve and brain [medulla
oblongata) at 2 months; by 6 months, all
animals showed advanced axonal swellings
and degeneration in tibial nerve, sciatic
nerve, lumbar cord and medulla oblongata,
as well as axonal loss in the tibial nerve.
No--toxicologically significant lesions of
the PNS or CNS were seen after 6 months'
exposure to 125 ppm or in the control
group.



Table 3: Effects of prolonged exposure to n-hexane (and hexane) in animals

Species/strain/
number of animals

Concentration/dose/
duration/purity

Observations

Rat (116, 127)
CD (Sprague - Dawley
derived) 20 males/group

0 or 500 ppm C.22
hours/day 7 days/week for
up to 6 months

Purity and residue as
above

41

Co-exposufe to 125 ppm n-hexane plus 375
or 1375 ppm n-hexane free hexane resulted
in kidney toxicity (increased relative
weight and degenerative/regenerative
changes).

One control rat died during week 1 and was
replaced with another animal. Abnormal
gait was observed in test rats from week
16. Body weight gain was reduced from
week 7.

Increased relative kidney weight was noted
after 6 months' exposure (p<0.01).

No toxicologically significant effects
were noted on other organ weights (organs
as above).

An extensive pathological examination of
10 rats/group after 6 months revealed no
treatment-related gross lesions.
Microscopically, mild atrophy of tibial
and sciatic nerve fibres was noted in most
nerves examined, with mild secondary
atrophy of skeletal muscles in 3 rats.
These lesions were not seen in control
groups. There was also an increase in the
incidence and severity of chronic
nephritis, but this was considered to be
of equivocal toxicological significance.

No treatment-related lesions were noted in
the many other tissues examined
microscopically, including lungs, testis,
lymphoid organs, salivary glands and nasal
turbinates.

The “ nervous system was also examined by
special histochemical techniques. After 2
months, axonal swellings were seen in the
tibial nerve, medulla oblongata and more
rarely in the lumbar cord. After 6 months,
axonal swellings, Wallerian-like
degeneration and axonal loss were seen in
tibial and sciatic nerves, lumbar cord and
medulla oblongata. The tibial nerve was
the most severely affected. No lesions
were observed in some other areas of the
PNS and CNS, including the cerebral cortex
and cerebellar vermis.

Similar results were recorded following
co-exposure to 500 ppm n-hexane plus 500
ppm n-hexane free hexane.



Table 3: Effects of prolonged exposure to n-hexane (and hexane) in animals

Species/strain/
number of animals

Concentration/dose/
duration/purity

Observations
el

Rat (117, 131)
Sprague-Dawley
12/sex/exposure group

Rat (130)
Wistar
5 males/group

(1) 0, 5 ¥1, 27 +1, 126 *4

ppm (mean * S.D.) 21

hours/day, 7 days/week for

up to 34 weeks

(2) o, 6 &1, 26 *2 or 129
6 ppm 6 hours/dasy 5

days/week for up to 34

weeks

Spectrophotometry grade

n-hexane was used

0 or 850%85 ppm
continuously to an

aerosol 6 days/week for

20 weeks.

n-Hexane of unstated

purity

42

o

Thus in this study neurotoxicity was noted
following continuous exposure to 500 ppm
n-hexane for 2 months. No neurotoxic
effects were seen following exposure to
125 ppm for 6 months. No consistently
marked effects were noted in any other
tissues following exposure to n-hexane.

1 male Exposed to 27 ppm died on day 36

and 1 control male died on day 91. No

treatment-related gross pathological

lesions were noted in the former at
nécropsy.

No clear signs of treatment-related
toxicity were observed; corneal opacity in
the high exposure groups was attributed to
scheduled eye bleeding. Increased body
weight gain was noted in males exposed to
26 ppm.

No treatment-related effects on
haematology or limited clincial chemistry
were noted after 3 or 6 months.

The medulla oblongata, cerebellar vermis
and tibial nerve branches to calf muscles
were examined histopathologically in all
groups after 8, 18 and 26 weeks, and in
control “and high-exposure rats after 34

weeks. Tibial nerve biopsies were also
conducted in control and high-exposure
rats after 26 and 31 weeks. Lesions

-clearly due to hexane were absent, however

a marginal increase in ‘'age-related'
lesions was noted in the test group.

In this study, no clear evideﬁce of
n-hexane toxicity was seen at 125 ppm.

No deaths were reported, and there were no
clear signs of toxicity or effects on
nocturnal activity during the exposure
period.

Haematocrit wvalues and serum protein
levels were not affected at termination.

Histological examination at termination
revealed myelin degeneration (including
swelling and vacuolation) and slight axon
degeneration in the sciatic nerve. Slight
atrophy of hind 1limb muscle and
pathological changes in the spleen
(increase in giant «cell numbers and



Table 3: Effects of prolonged exposure to n-hexane (and hexane) in animals

Species/strain/
number of animals

COncentration/dos;/
duration/purity

Obsenvations

Rat (133, 261)
Fischer 344

15 males and 15
females/group

0, 3,011 #3, 6,507 %3,
10,004 £2 ppm (TWA*CV) 6
hours/day 5 days/week for
13 weeks

n-Hexane was 299.5% pure

43

haemosiderin precipitation) were also
observed. No effects on the liver, lungs,
stomach, heart, jejuno-ileum, kidneys or
testes were noted apart from slight
congestion.

No animals died during the exposed
period. .

Reduced body weight gain occurred in
high-dose males from week 4. No signs of
toxicity were noted on ophthalmoscopic or
neurological examination.

At termination, urine pH was reduced to
6.0 in high dose males (control males 6.9,
p<0.05); no significant effects on
haematology or serum chemistry were
noted.

Bodyweight relative weights were
increased for liver and testes, in high
dose males, and kidneys in medium and
high dose males.

No treatment-related lesions were noted
in nervous and other tissues (including
liver, kidneys, lungs, testis, lymphoid
organs, salivwary glands and nasal cavity)
onextensive standard histopathological
examination of 10 rats/sex/qroup. The
sciatic and tibial nerves and medulla of
5 rats/sex/group were examined by special
histopathological technigues. Mild
paranodal axonal swellings were noted in
the sciatic nerves of 1 medium dose and 4
high dose males; axonal swelling was noted
also in the medulla of 1 high dose male.
These lesions were only found in less than
5% of the teased fibres examined in each
animal.

No toxic effects were noted at 3 011 ppm

in this study.
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Table 3: Effects of prolonged exposure to g-hcxane‘[lnd hexane) in animals

Species/strain/
number of animals

00ncentrgslon;dose/
duration/purity

Observations

b o

Rat (47)
Wistar (CPB/WU)
15 males and

15 females/group

Rat (45, 47, 252)
Wistar (CPB/WU)
8 males/group

Rat (250)
Sprague-Dawley
4 males/group

0,100, 300 or 900 ppm
(presumably vapour) 8
hours/day 5 days/week for
72 weeks

n-Hexane was 99% pure

0 ppm; 300 ppm 24
hours/day, 5 days/week;
900 ppm 8 or 24 hours/day,
5 days/week. All
exposures were apparently
for 20 weeks

0 or 910 * 240 ppm (mean
+ SD) 6 hours/day, 5
days/week for 4 weeks

n-Hexane was of ag purity

44

No treatment-related effects on mortality
were reported and no signs of neuropathy
or statistically significant effects on
body weight were noted.

Increased performance in a visual
descrimination test was noted at 100 ppm
(especially during the first half of the
experiment) but no other effects were
recorded in two other operant behaviour
tests. No marked effects on open-field
behaviour nor on rotarod or other
fleurological tests were noted during the
exposure period. No effects were
revealed by routine urine analysis.

At 60 hours after the last exposure, no
fmmunological effects (lymphocyte
mitogenic sensitivity) were recorded and
there were no marked effects on organ
weights (heart, 1lungs, liver, kidneys,
spleen, hypophysis and testes). No
treatment-related pathological changes were
seen in these organs by light microscopy or

- following detziled examination of the

nervous system by light and electron
microscopy (sciatic and tibial nerves,
brain and spinal cord).

In this study (with no
electrophysiological measurements),
discontinous exposure to 900 ppm n-hexane
for 72 weeks may be considered a no toxic
effect level.

Study reported in summary form only.

Significant changes in grip strength and
peripheral nerve conduction velocity were
reported for rats exposed to 900 ppm. The
changes were much greater when exposure
was for 24 hours/day and were accompanied
by clear morphological effects.

Further details of the results of this
study are expected soon.

Study of effects on the liver. Animals
were killed the morning after the last day
of exposure.

No effects were noted on body or liver
weights or on hepatic microsomal protein
content or cytochrome P-450 isozyme
composition.



Table 3: Effects of prolonged exposure to n-hexane (and hexane) in animals

Species/strain/
number of animals

Concentration/dosg/
duration/purity”

Observations

e

Mouse

NMR 1

110 test males and
200 controls

Guinea pig
10/test group and
3/control group

(138) 0 or 25,000-30,000 ppm
(saturated air) under
static conditions 23
hours/day for up to 4 days

n-Hexane was Uvasol grade

(113) 0 or 8,520 ppm (30 mg/1)
2 nours/day for 60 days.
Other animals were
exposed to 0 or 42,600 ppm
(150 mg/1) 2 hours/day for
30 days

Hexane of unstated purity

45

In addition, no effects were observed on
the in vitro metabolism by hepatic
microsomes of biphenyl, benzo(a)pyrene,
4-androstene-3, 17-dione or
Sa-androstane-3a, 17B-diol.

Body weight was reduced and relative liver
weight insreased. Hepatic microsomal
protein, cytochrome P-450 and cytochrome
b5 levels were increased.

NADPH-dichlorophenol indophenol reduction,
cyclohexane hydroxylation and cyclohexane
binding in hepatic microsomes in vitro
were also increased.

Young mice were used for these experiments
because they suffered less than older
mice, or rats, or especially rabbits.

Two animals died during exposure to 8,520
ppm and one during exposure to 42,600 ppm.
The deaths were attributed to the
infections noted at necropsy.

Initial restlessness was observed followed
by mild torpor and sometimes dysfunction
of the hind limbs; the latter resolved
rapidly on removal from the exposure
chamber. Signs of irritation of the
conjunctival and nasal mucosae were also
noted.

Histological examination at the end of the
exposure period revealed widespread
congestion, which was most marked in the
myocardium and  lungs. Degenerative
changes were noted, particularly in the
liver (slight vacuolation and regeneration
of hepatocytes), brain (sporadic neuronal
tigriolysis and vacuolation) and kidney
(epithelial swelling in convoluted
tubules), but also in the lungs, spleen
and adrenals. The pancreas appeared to be
normal .

It is presumed that all the above effects
were seen at both exposure levels, but
this was not clearly stated. It is also
not clear if intercurrent infection played
any part in the pathological changes noted
in the survivors.



Table 3: Effects of prolonged exposure to n-hexane (and hexane) in animals

Species/strain/
number of animals

Concentration/dose/
duration/puritye

Observations

Guinea pig
10/group

(139)

0 or 5 mg/1 (1,420 ppm)

2 hours/day for 120 days,
30 mg/1 (8.520 ppm) 2
hours/day for 60 days or
150 mg/1 (42,600 ppm) 2
2 hours/day for 30 days

Hexane of unstated
purity

Haematological and haemopoietic effects
were investigated. Results were presented
only for observations made at the end of
the exposure period.

At 42,600 ppm both erythrocyte and
leucocyte numbers and haemoglobin values
were decreased slightly. There were
increases in the proportion of lymphocytes
and eostnophils and a decrease in the
proportion of neutrophils. In the bone
marrow, the numbers of certain immature
cells in both the granulocytic and
erythrocytic series increased and the
numbers of certain mature cells in these
two series decreased.

At 8,520 ppm, similar but less marked
effects were noted as above but none was
statistically significant. No effects
were noted at 1,420 ppm.

Thus, in this study 1,420 ppm was clearly
a no-effect level, with the changes noted
at 8,520 ppm being of questionable
significance.
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REPEATED DOSE STUDIES

-
- .

. General screen for toxic effects.

'

: Cbtain a 'no effect level' and dose-response relationship

; Mav help in deciding an apprcpriate monitoring/investigaticn

procedures in man.

i Specific follow-up studies may be required to better

understand the toxic effects, their reversibility and

their relevance to human hezlth.

Sub-acute

Sub=-chronic

Chronic

Excluding carcincgenicity

menths duration are claimed not to

evaluation of drugs.

Size of Group

Rodent

10

20

o~y oy

Non-=rodent

bL._AG.ies ]

[Lumley and

up to 28 days

90 days

6 months or more

tests of longer

add to the overall safety

e o ]

Nalxer,

(no/sex/dose level)

Sub acute
Sub chronic

Chronic

[CECD]
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ASSESSMENT AND EVALUATICN

5 werse the cholces of species, dose route and level appropriate?
X wers they adhered to?

: was the care and observaticn of animals satisfactory?

. wers the measursments 'in-life

' and at termination
satistactory?
. wnat were the effects found?

: no effect level?

: Zood Laberatory Practice?

* Check that nominal and actual dose are similar.

-

Information on specificity, sensitivity,
of the analyses.

accuracy and precision

Example
Coefficient of Variation of assay 25%
Measured concentration 0.75 mg/ml
Desired concentration | 1.00 mg/ml

Does the measured concentration agree with the desired?



— -

NO EFFECT LEVEL

(NO TOXIC EFFECT LEVEL / NO ADVERSE EFFECT LEVEL)

The maximum dose used in a test which prcduces no

adverse effects.

(CECD]
"The exposure level at which no adverse sffects
are detected in an animal experiment is often

as little as one tenth of the nearest higher

exposure level at which minimal adverse =ffects

or 2rfects of doubtful toxicological significance

are rfound".

[Sharratt, 1976]

Zbinden - 'An old bone of contention'.
depends on parameters measured in a study.
is specific to that study.

is not evidence that 'serious damage (clear functional
disturbance or morphological change which has
toxicological significance)' occurs at all higher

doses.
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No of Parameters measured (oral 90 d. rodent study)

Redent Non-rodent
3 % 15 = 45 15 x 3 x 2 = 135 Biochemistry
ix 6=18 6§ x3x3= 354 Haemarology
53 189
Type 1 error

(rejecting null hypcthesis when true)
Tvpe 2 error

(accepting null hypothesis wnen Zzlse)

at P = 0.05, we are accepting that in 20 error rate is

fu
1]

likely.

l. Have we an abnormal spread of results in test or contrcl
groups?
2. Do the values in test group, although statistically

significant against control values f£all within the normal
range for that strain in that laboratory?

3 Do the extreme values in parameter A correspond to extreme

values in parameter B (both indexes for the same function)?

4. Is there a dose - response relationship?
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EXTRAPCLATICN TO MAN

(1) Inter species variation

(i1) Inter individual variation

(11i) High dose to low dose.

Although a simple mathematical extrapolation between species

may be a first approximation, a better understanding of

mechanisms may render this inappropriate.

FURTHER STUDIES .

TO UNDERSTAND MECHANISMS CF ACTICN

(biochemical toxicology, neurotoxicology, etc)

TO IMPROVE KNCWLEDGE ON EXTRAPCLATICN

(toxiccokinetics and toxicodynamics) .



READING LIST

hest Guidlines
OECD Guidlines for testing of chemicals. OECD, Paris (1981)
Federal Register 50(188) 39397-39471 (1985) )
Commission Directive 84/449/EEC. Official Journal L251/1 (1984)

Annex V EEC Directive 79/831 Part B Toxicological methods for Annex
VIII (July 1986). (To be published in Official Journal)

Further information

i Methods for evaluating toxicity. Part 1. WHO/IPCS Environmental
Health Criteria 6. WHO, Geneva (1978)

Principles of toxicokinetic studies. WHO/IPCS Environmental Health
Criteria 57. WHO, Geneva (1986) -

Assessment of neurotoxicity associated with exposure to chemicals.
WHO/IPCS Environmental Health Criteria 60. WHO, Geneva (1986)

Long term animal <studies - their predictive valne for man. Rd. S R
Walker and A D Dayan. MTP Press, Lancaster (1986)
Risk assessment - a study group report. Royal Society, London

(1983)

Toxic hazard assessment of chemicals. Ed. M L Richardson. Roval
Society of Chemistry, London (1986)

]Good Laboratory Practice
OECD Principles of Good Laboratory Practiééu OECD, Paris (1981)

Council Directive 87/18/EEC. Official Journal L15/29 (1987)



U.K. DHSS/IPCS Risk Assessment Seminar

CHRONIC TOXICITY
HYDROCARBON SOLVENTS: A CASE STUDY

A.I.T. Walker



U.K. DHSS/IPCS SEMINAR: CHRONIC TOXICITY

Hydrocarbon Solvents: A Case Study.

-

INTRODUCTION e

—
Hydrocarbon solvents, or petroleum solvents, are light distillates from crude
oils that boil between 30 to 300°C. In consequence, these solvents are
complex mixtures of hydrocarbons, generally of chain lengths C5 to Cl2,
containing mixtures of paraffins either straight (normal or n-paraffins) or
branched-chain (iso-paraffins), naphthenes and/or aromatics, and usually with
less than 27 benzene. These solvents are produced to meet performance and
physico-chemical specifications, the mixture of components may vary because
of the crude oil used or from changes in process conditions. These petroleum
solvents consist of hydrogen and carbon alone, not halogens as in, for
example, tetrachloromethane or oxygen as in methyl ethyl ketone.

The solvent for the case study is SBP 80/110. SBP, special-boiling point are
solvents in the range 30 to 160°C and are classified according to their
boiling range, in this case 80 to 110°C.

SBP 80/110 is used mainly as a solvent or a thinner in paints, lacquers and
varnishes; as an extraction solvent for oils and fats by the food industry
and in cosmetics and pharmaceuticals; quick drying adhesives, coatings and
printing-inks.

In this case study, the use or SBP 80/100 as a solvent in paints or for quick
drying products will be considered for this risk assessment. The aim is to
determine whether an occupational exposure limit can be established for the
workplace for SBP 80/110.

COMPOSITION (7% vol.)

n-paraffins : 35, 87 n-hexane, 177 n-heptane.
iso-paraffins : 20

naphthenes t 45

aromatics : less than 0.1

PHYSICO-CHEMICAL PROPERTIES (at 20°C and 1013 mbar, unless otherwise

stated)
physical form : liquid
carbon number : 6-8
density (kg/m3) ¢ 718 g 15°C
boiling range (°C) : 85-108
viscosity (mm?/s) : 0.58
vapour pressure (mbar) : 96

flashpoint (°C) : below 0



OCCUPATIONAL EXPOSURE LEVELS
(1)

Substance TLV ppm mg/m?
n-hexane TWA 50 180 e
hexane, other isomers TWA 500 1800

STEL 1000 3600
n-heptane TWA 400 1600

STEL 500 2000
n-octane TWA 300 1450

STEL 375 1800

(1) Threshold Limit Values and Biological Exposure Indices for 1986-1987.
American Conference of CGovernmental Industrial Hyglenlsts.
Cinicinnati, Ohio, 1986.

TWA = time weighted average concentration for normal 8-h workday and 40-h
workweek.

STEL = short term exposure limit,lLS min. time weighted average exposure.

Excursion Limit; in absence of STEL short term exposure should exceed 3 x TWA
for no more than |30 min, during workday and under no circumstances should
they exceed 5 x TWA provided TLV-TWA is not exceeded.

METABOLISM AND KINETICS

These aspects have been poorly studied for hydrocarbon solvents, with no
studies being made on SBP solvents. Individual components have been examined,
most notably of the paraffin n-hexane, following the discovery of its
neurotoxicity and of the aromatics, benzene, toluene and xylene.

Uptake and Elimination

In practical use conditions, the inhalational and percutaneous routes of
absorption are the most significant.

The volatile C-5 to C-7 components on inhalation in rats, diffuse rapidly
through the lungs into the bloodstream thence to the central nervous system.
Elimination of such solvents is rapid, mainly by the respiratory tract.
Solvent vapour does not penetrate intact skin, but in the liquid state
absorption can be substantial.

In man, about half the inhaled dose of benzene or toluene is absorbed with
about 30% being retained and distributed into fatty tissue. N-hexane was
absorbed on inhalation at a lower rate of 157 as were iso-paraffins and
naphthenes.

Metabolism

The n-paraffins are usually not metabolised and are excreted unchanged. Some
undergo part oxidation, in part, the prime example being n-hexane to
hexane-2,5 dione, the latter causing the peripheral neuropathy associated
with n-hexane.No data are available on iso-paraffins, while limited studies
on naphthenes show some oxidation to hexanols. The metabolism of aromatics
has been studied but is not relevant to this case study.



TOXICOLOGY

Toxicity data on SBP 80/110 are derived from specific studies and from those
on similar substances or from “irfdividual components.

Acute Toxicity

Lethal dose data

oral, single administration LD50, above 7 g/kg (10 ml/kg)
percutaneous, single administration LD50, above 3 g/kg ( 4 ml/kg)
inhalational, 4 hours LC50, 20,000 ppm (83 mg/l)

Signs of intoxication were not observed following oral or percutaneous
exposure. During inhalation, lethargy, ataxia, prostration, coma were
observed, signs indicating varying degrees of central nervous system
depression.

The main hazard from ingestion of SBP 80/110 is aspiration into the lungs and
the consequent chemical pneumonitis. This hazard can be anticipated with
substances having a kinematic viscosity of 7 mm?/s or less.

Skin irritation.

SBP 80/110 is moderately irritant to rabbits using the 24 hour occluded
(Draize) test. Using the semi-occluded 4-hour test (OECD) irritation is
reduced. Repeated or prolonged contact with the skin is expected to give rise
to severe skin irritation.

Eye irritation

SBP 80/110 is not irritant in the rabbit eye, but causes an initial pain
response.

Skin sensitisation

SBP 80/110, in common with other hydrocarbon solvents, is not a skin
sensitiser, Magnusson and Kligman Guinea-pig maximisation test.

»

CHRONIC, LONG-TERM OR REPEATED EXPOSURE

SBP 80/110 has not been tested. A series of inhalational studies ranging from
three to twelve months have been carried on a number of hydrocarbon solvents.

Nephropathy
Nephropathy occurs in male rats exposed for three months to hydrocarbon

solvents rich in iso-paraffins or rich in naphthenes.These studies used three
atmospheric concentrations 6 hours daily, 5 days a week for 13 weeks.



The renal lesions related to hydrocarbon solvent exposure are
intracytoplasmic hyaline droplets, tubular epithelial regeneration and
occlusion and distension of the first part of the proximal convoluted tubules
of the male rat kidney. This finding has and continues to be the subject of
much research. At present a Ytlrationship appears to exist between the
metabolism of various iso-paraffins and naphthenés and the appearance of a
protein, alpha 2 mu globulin, specific to the male rat.

SB 80/110 with a composition of 207 iso-paraffins and 457 naphthenes could be
expected to cause this male rat nephropathy. A rubber solvent of similar
composition, boiling range 75-125°C, carbon number C6-C7, 37 aromatics, 417
total paraffins and 547 naphthenes did not cause this lesion in rats exposed
for 13 weeks.

Neuropathy

A component of SBP 80/110, n-hexane, is known to cause peripheral neuropathy
in both man and experimental animals, a finding that will be considered in
detail in the following session, see Table 1.

Carcinogenesis

Studies have not been reported on hydrocarbon solvents such as SBP 80/110,
only on aromatics such as benzene and other distillation fractions. An
inhalation study of two years in rats and mice using unleaded gasoline
resulted in nephropathy and tumours in the male rat kidneys, see Table 2,

Mutagenesis

Data are not available for SBP 80/110. In the few studies published,
paraffins, naphthenes and hydrocarbon solvents do not show any mutagenic
potential.

Teratogenesis

Few studies have been carried out on either hydrocarbon solvents or their
main components. None are available on SBP 80/110. The little work available
does not indicate that this class of substances are teratogenic, the
exception being para-butyl toluene.

Exposure

Data on exposure in the workplace are inadequate for hydrocarbon solvents. In
a number of instances, some reports of dizziness and confusion are available.
Odour and irritation thresholds in humans have been measured, with the
unpleasant odour and irritation determining the tolerable concentratiom.



APPRAISAL

SBP 80/110 in common with other petroleum solvents is of a low order of acute
toxicity. Effects on the central nervous system are found when inhaling high
concentrations of hydrocarbems sdlvents boiling below 200°C, usually
accompanied by irritation of the eyes and upper*fespiratory tract. Skin
irritation can occur, especially after prolonged or repeated exposure.

Until the early 1970's and apart from the above local effects, hydrocarbon

solvents, with the possible exception of benzene, were not regarded as
hazardous.

In the late 1960's, neurological effects in laminate and sandal

workers were reported from Japan, the chemicals involved being unknown at
first. In the period 1971 to 1974 similar reports appeared regarding
furniture workers and glue sniffers and in 1974 from Italy in shoe
manufacturing. The neurological effect was peripheral neuropathy, the solvent
involved being n-hexane. At this time, a similar effect was found in printing
workers exposed to methyl n-butyl ketone. For both chemicals 2,5 hexanedione
change to is the active metabolite. Studies in animals followed using known
exposures, with the metabolite being identified. Following this finding,
studies on numerous hydrocarbon and other chemical solvents have been
completed. The available data indicate that of hydrocarbon solvents, only
n-hexane causes peripheral neuropathy.

The solvents syndrome in painters as reported from Scandinavia is not
addressed in this case study. The debate regarding methodology, the
subjective nature of the findings continues and is not suitable for this
assessment which is based primarily on results from experimental animal
studies.

Nephrotoxicity in male rats became apparent during the inhalational

studies begun in the mid-1970's on hydrocarbon solvents, gasoline and other
petroleum products. Studies to screen for this effect have been in progress
since 1984 under the aegis of the American Petroleum Industry (API). In
addition the origin of the protein present in the male rat is being
investigated.Current evidence suggests this phenomenon is confined to male
rats, should not occur in man and is associated with hydrocarbon solvents
rich in iso-paraffins and naphthenes.

The carcinogenicity study of relevance to this case study is that

carried out on unleaded gasoline. Nephropathy in the male rats occurred
within three months and progressed throughout the study. The tumours present
in all treated groups occurred after 18 months exposure, the rats with the
tumours surviving to the end of the study. The carcinoma were found in the P3
on pars recta segment of the proximal tubule. This P3 segment in the rat,
unlike the human kidney, is a site for metabolising foreign compounds.

ASSESSMENT OF RISK

The three items relevant to this case study are outlined above, namely
peripheral neuropathy, nephropathy and carcinogenicity. Studies on the
selected solvent are confined to acute toxicity. The longer-term or chronic
toxicity aspects of SBP 80/110 in relation to man, given the absence of
definitive exposure data and chronic toxicity studies, have to be assessed on
the basis of their composition and physical properties. This approach applies
to most, if not all, hydrocarbon solvents and establishing an occupational
exposure limit, see attachment, is most relevant for assessing the risk in
the workplace.



HYDROCARBON SOLVENTS: A Case Study
Table 1. Peripheral Neuropathy

—
Results from the Inhalational Exposure of Rats to n-Hexane.

Atmospheric Lengths of Exposure Effect.
conc:ppm h/d d/wk wk
10,000 8 7 19 positive
1100 24 5 10 positive
900 24 5 20 positive
900 8 5 52 negative
500 24 7 16 positive
500 9 5 30 negative

h/d-hours per day, d/wk - days per week

Table 2. Carcinogenesis

Two year Inhalational Study in F344 Rats (API, 1983)
(a)

Number of Renal

Concentration
ppm Rats
Tumours
male female
0 200 0 0
67 200 1 0
292 200 5 1
2056 200 7 0-

(a) Equally divided as to sex.
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ATTACHMENT

HYDROCARBON SOLVENTS: A Case Study
Establishing an Occupational Exposure Limit (OEL)"

The following approach is to be used to establish an OEL for SBP 80/110. The
composition, physico-chemical data and established TLV-TWA (ACGIH) are given
on pages | and 2 of the case study.

o assume the atmospheric composition to be that of the liquid phase.

o assume the toxic effects, narcosis and irritation, for the current TLV
(ACGIH) for n-paraffins to be additive, with the exception of n-hexane.

o the toxicity of n-hexane to be considered independent.

o the TLV (ACGIH) for iso-paraffins, iso-hexanes, is based on the narcosis
and irritation of iso-hexanes containing less than 57 n-hexane: assume the
effect to be additive.

o consider potentiation.

o assume that components without TLV (ACGIH) to be of average and additive
hazard.

o use the following equation.

p
TLV =
P £ + £+ £ 4 ... f
a b c n
TLV TLV TLV TLV

a b c n
where p = total fraction 7 solvent with established TLV
where f = fraction of individual constituent, with established TLV

TLV a,etc = established TLV for individual consistuent.



ATTACHMENT CONTINUED)

-
- =

.
The approach on page 1 1is taken from that outlined by the American
Conference of Governmental Industrial Hygienists. Threshold Limit Values and
Biological Exposure Indices for 1986-1987, pp 45-47, Cincinnatti, ACGIH,
1986.

"Appendix C"
Threshold Limit Values for Mixtures.

When two or more hazardous substances, which act upon the same organ system,
are present, their combined effect, rather than that of either individually,
should be given primary consideration. In the absence of information to the
contrary, the effects of the different hazards should be considered as
additive.

Exceptions to the above rule may be made when there is a good reason to
believe that the chief effects of the different harmful substances are not in
fact additive, but independent as when purely local effects or different
organs of the body are produced by the various components of the mixture.

Synergistic action or potentiation may occur with some combinations of
atmospheric contaminants. Such cases at present must be determined
individually. Potentiating or synergistic agents are not necessarily harmful
by themselves. Potentiating effects of exposure to such agents by routes
other than that of inhalation is also possible, e.g., imbibed alcohol and
inhaled narcotic (trichloroethylene)-. Potentiation is characteristically
exhibited at high concentrations, less probably at low.

Examples of processes which are typically associated with two or more harmful
atmospheric contaminants are welding, automobile repair, blasting,
painting, lacquering, certain foundry operations, diesel exhausts, etc.

The following formula applies only when the components in a mixture have
similar toxicologic, that is additive effects, and should not be used for
mixtures with widely differing reactivities, e.g., hydrogen cyanide and
sulphur dioxide.

SPECIAL CASE: when the source of contaminant is a liquid mixture and the
atmospheric composition is assumed to be similar to that of the original
material, e.g., on a time-weighted average exposure basis, all of the liquid
(solvent) mixture eventually evaporates. When the percent composition (by
weight) of the liquid mixture is known, the TLVs of the constituents must be
listed in mg/m3. ;

TLV of mixture =

TLV TLV TLVC TLV



(ATTACHMENT CONTINUED)

- =

—
Example : liquid contains (by weight):
507 heptane : TLV = 400 ppm or 1600 mg/m>

1 mg/m® = 0.25 ppm
307% methyl chloroform: TLV = 350 ppm or 1900 mg/m®

1 mg/m® = 0.18 ppm
207 perchloroethylene: TLV = 50 ppm or 335 mg/m>

1 mg/m® = 0.15 ppm

1

TLV of mixture

0.5 0.3 0.2
1600 1900 335

1

0.00031 + 0.00016 + 0.0006

1
= ——— = 935 mg/m>..
0.00107

of this mixture

50% or (935)(0.5)
30% or (935)(0.3)
207 or (935)(0.2)

468 mg/m® is heptane
281 mg/m® is methyl chloroform
187 mg/m® is perchloroethylene

These values can be converted to ppm as follows:
heptane : 468 mg/m® x 0.25 = 117 ppm
methyl chloroform: 281 mg/m® x 0.18 = 51 ppm
perchloroethylene: 187 mg/m>® x 0.15 29 ppm

TLV mixture = 117 + 51 + 29 = 197 ppm, or 935 mg/m>.



Example
507 heptane

307 methyl chloreform:

207 perchloroethylene:

n

TLV of mixture

(ATTACHMENT CONTINUED)

- =

: liquid contains (by weight):
: TLV = 400 ppm or 1600 mg/m>

1 mg/m® = 0.25 ppm

TLV = 350 ppm or 1900 mg/m?
1 mg/m® = 0.18 ppm

TLV = 50 ppm or 335 mg/m® *
1 mg/m® = 0.15 ppm

1600

o
w2
o
.

o]

1900 335

0.00031 + 0.00016 + 0.0006

1

= 935 mg/m? .

0.00107

of this mixture

50% or (935)(0.5)
307 or (935)(0.3)
207 or (935)(0.2)

]

o

468 mg/m® is heptane
281 mg/m® is methyl chloroform
187 mg/m® is perchloroethylene

These values can be converted to ppm as follows:
heptane : 468 mg/m>® x 0.25 = 117 ppm
methyl chloroform: 281 mg/m® x 0.18 = 51 ppm

perchloroethylene: 187 mg/m® x 0.15

29 ppm

TLV mixture = 117 + 51 + 29 = 197 ppm, or 935 mg/m?.



Example

(ATTACHMENT CONTINUED)

- =

: liquid contains (by weight):

50% heptane : TLV = 400 ppm or 1600 mg/m>
1 mg/m® = 0.25 ppm
30% methyl chloroform: TLV = 350 ppm or 1900 mg/m3
1 mg/m® = 0.18 ppm
20% perchloroethylene: TLV = 50 ppm or 335 mg/m>
1 mg/m® = 0.15 ppm
1
TLV of mixture =
0.5 0.3 0.2
+ — + —
1600 1500 335

1

0.00031 + 0.00016 + 0.0006

1

= 935 mg/m3 __

0.00107

of this mixture

50% or (935)(0.5)
307% or (935)(0.3)
207 or (935)(0.2)

These values can be
heptane

TLV mixture =

468 mg/m3
281 mg/m3
187 mg/m?

converted
: 468 mg/m® x 0.25
methyl chloroform: 281 mg/m® x 0.18
perchlorcethylene: 187 mg/m® x 0.15

is heptane
is methyl chloroform
is perchloroethylene

to ppm as follows:
117 ppm
51 ppm
29 ppm

nonon

117 + 51 + 29 = 197 ppm, or 935 mg/m3.
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HYDROCARBON SOLVENTS

Paraffin Hydrocarbone
Early Members of Paraffin Series

Boiling Point

Name Formula of n-.Parrafin

°c °F

Methane CH& -161.7 =259

Ethane C2H6 - 88.9 -128
Propane C3H6 - &2.1 - 43.8
Butane CAHIO - 0:5 30.9
Pentane CSHIZ - 36.1 96.9
Hexane C6H14 68.7 | 155.7
Heptane C7H16 98f4 209.1
Octane CBHIB 125.7 258.3
Nonane C9H20 150.8 303.4
Decane C10H22 174.1 345.4

Hexadecane Ciet34 - 287.8 550

Melting Point is 18°C (64°F)



HYDROCARBON SOLVENTS

Normal Paraffin

n-octane, n~C._H

Iso-paraffin

Iso-oct 1=C _H
so-octane, i-C.H, g

I'so-octane
2,2,4-Trimethylpentane



HYDROCARBON SOLVENTS

Examples of Paraffin Hydrocarbons and their isomers

No. of -
Name Formula Isomers Stucture
Methane CH4 1 H
H—C —H

i

-

To simplify structures hydrogen atoms are not shown

But C H 2 C
utane a0 1
!

C—C—C—C e—e—C

n—-butane Isobutane
H —C—C—C—C-C
exane C6H14 5 C—C—C—C—C
n-hexane
C

E—C—C—C—C
2-Methylpentane

- C

C—C—C—C—=1C
3-Methylpentane

e C

C—C-C C
2,3-Dimethylbutane

|
C—C—C-—C

|

c
Neohexane

2,2-Dimethylbutane



HYDROCARBON SOLVENTS

Naphthenes (Cycloparaffins)

HZ
H2C L H2
C
H2 C H2
C
H2
Cyclohexane C6H12 Cyclopentane
C_H
< 5710
CH2 CH__CHQ—-ﬁﬁ-——CH3
CH CH CHy
2 2
CH2

with paraffinic side chailn

CH

Possible C2O naphthenic oil molecule



HYDROCARBON SOLVENTS

Olefins
Ethylene , C2H4 LHR———-Lﬁz
———= (CH —CH
Propylene, C3H6 CH2 3

(Alkenes having one double bond)

AROMATICS

-

contain the Benzene ring

CH
HC o S CH /
| 1
HC s /CH o
C
benzene - benzene
C _H
CH 6 6
CH

HC CH o \f

CH
C
toluene 7°8

CH CH
v~ | N ch
HC S IC’ HC

)

h
ClOH8 naphthalene



BLE 2. Compotition of typical sample of SBP 80/110°

drocarbon Hydrocarbon % mass present Boiling
e in sample® point °C
rmal n-pentane 0.2 36.2
raffins n-hexane 8.2 69.0
n-heptane 17.2 98.4
inched 2 methyl butane T° 0.1 27.9
-affins 2.2 dimethyl butane T trace 497
2.3 dimethyl butane T 03 58.0
2 methyl pentane 1.5 60.3
3 methyl pentane 1.6 63.3
2.2 dimethyl pentane 1.0 79.2
2.4 dimethyl pentane 1.3 80.5
2.23 trimethyl butane T 0:3 80.6
2.3 dimethyt pentane 9.7 89.8
3 methyl hexane 92 919
3 ethyl pentane 3.1 93.5
2.2,4 tnimethyl pentane trace 992
2.2 dimethyl hexane trace 106.8
2.5 dimethyl hexane 0.6 109.1
3.3 dimethyl hexane T trace 112.0
2.3 dimethyl hexane 0.8 115.66
3.4 dimethy!l hexane trace 117.7
3 methyl heptane 0.5 118.9
zlo C-6 cyclohexane 8.4 80.7
raffins methyl cyclohexane -- 142 1009
zlo C-5 cyclopentane T trace 493
ratfins methyl cyclopentane 4.7 718
1,1 dimethyl cyclopentane T 29 87.9
1-cis-3-dimethyl cyclopentane T 1.9 90 .8
1-trans-3-dimethyl cyclopentane T 2.7 91.7
1-trans-2-dimethyl cyclopentane T 0.5 919
1-cis-2-dimethyl cyclopentane T 0.5 99.5
ethyl cyclopentane 0.6 103.5
1.1.3 trimethyl cyclopentane T 0.8 1049
1-trans-2-cis-4-trimethyl cyclopentane T 0.4 1083
1-trans-2-cis-3-trimethyl cyclopentane T 0.4 110.2
1.1.2 trimethyl cyclopentane T 0.3 1937
identified Probably
raffins 11 110.0
omatic benzene 0.7 80.1
'mpounds toluene 39 1106
afins 04

From: Shell International Petroleum Co.. London (unpublished data).

Average of duplicate analyses.
T = tentative identification.

From IPCS Environmental Health Criteria 20 selected Petroleum Solvents
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HYDROCARBON SOIVENTS

NEPHROTOXICITY

MALE RATS ONLY

NEUROPATHY

n-HEXANE

NEUROTOXICITY

'"PAINTERS SYNDROME'

HAZARD

VOLATILITY



NEUROPATHY



Table 1. Pange of Neurotoxic Hvdrocarbons

Compound

LY

n=-hexane

Z-methyvl nentane

J-methvl pentane

ACetone

1

Yethyl ety

Retone

Methy! n-bhutvl Ketone

S-hwdrexv-2-hexanone

2,5-Hexadione

2,5 Heptanedione

3,5 Heptanedione

3,6 Octanedione

: hexanol

2,5 Hexanediol

-

CHTCQJCH:CHJCH:CH

3
_ . l‘!‘,.i .
ChWCh_L”ﬁfn
LH3
T}iB

CH]CHECHCPELF3

]

CH_CCH

0
Ii

CH.UCHE CF;
3 3 3

U
I
CHBCCer:fEhLCHZ

{oee 0F

CHBFCFjFH CHCH,

G v

I il
ok -

CF.3(.CH2CH2CCH3

0 0
! Il
CH,CCH,,CH, CCH,,CH

0 0
o

CH.CH,CCH,CCH, CH

3 3
00
| I
CH3CH2CCH2CH2CCH2CH3

HO-CHECHECHZCHECHZCH3

OH OH

CHCHCH ,CH,CCH |



Table 2. Diketones tested for neuropathy
Diketone Diketone
spacing neuropathy
0 0
Al
2,4-Pentanedione CH.,CCH,CCH =
3 2 3
00
i
2,3-Hexanedione CHBCCCHZCHZCH3 ) =
0 0
ol
2,4 Hexanedione CHBCCHECCH2CH3 -
00
I I
2,5 Hexaunedione CHBCCH?CHZCCH3 T
0 8]
| I |
2,5 Heptanedione CHBCCH,)CH,,CCHZCH3 %
0 0
N
3,5 Heptanedione CH3CH2CCH2LLh2Cb3 -
0 0
l Il
3,6-0Octanecione CH3CH2CCH2LH2CCH2CH3 &
0 CH3 0
Il i
3,3-Dimethyl-2,5- CH.,C-CH-CH,CCH +
. 3 2 3
hexanedione | :
CH3

3,4 Dimethyl-2,5-
hexanedione

0
Il

0
I

CH_,CCH— CHCCH

3

o

CH3 CH

3

3
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[able A.1

boiling range.

-
- =

Petroleum hydrocarbon solvents with prominent
nephrotoxic potential, arranged in increasing order of

boiling carbon* -
range number total

yroduct y range A n-P  i-P P N
8 iso-paraffin 98-106 C8 - -- 100 100 --
.Exxon)
)0 solvent 140-160 (C8-C9 49 ? - ? 30 21
API)
stoddard solvent 150-195 C9-Cll 15 ? ? 48 38
API)
1igh naphthenic
solvent 155-185 ? e 19 10 29 70
(API)
210-C11 iso- -
varaffin 155-173 Cl10-Cll -- - 100 100 --
(Exxon)
dearomatised
white spirit 155-193 7 0. ? ? 52 48
(Exxon)
Brightsol 156-199 7 2 ? ? 35 63
(Shell)
LAWS 157-198 (C9-Cl1 19 6 50 56 25
(Shell)
Stoddard solvent 156-204 ? 18 ? ? 558 27
(Exxon)
Shellsol TD 168-190 Cl1-Cl2 -- - 95 100 --
(Shell)

* = more than 5% i-P = iso-paraffins

A = aromatics total P = n-P + i-P

n-P = normal paraffins N = naphthenics



Table A.II1 Petroleum hydrocarbon solvents with dubious

nephrotoxic potential, arranged in increasing order of
boiling range.

boiling carbon*

range number total
product "C range _ A n-P  i-P P N
VM & P naphtha  125-150 C8-C10 12 2 77 55 33
(API)
naphth. arom.
solvent 150-200 C9-Cl1 37 11 14 25 37
(API)
70 solvent 155-210 C9-Cl1l 58 ? ? 16 16
(API)
high arom. )
solvent 185-205 C9-Cl1 100 -- - -— ==
(API)

Table A.II1 Petroleum hydrocarbon solvents without nephrotoxic
potential, arranged in increasing order of boiling
range.

boiling carbon*

range number total

product %€ range A n-P  i-P P N
rubber solvent 75-125 C6-C7 - 3 - - 41 54
(API)
toluene _
concentrate 95-110 C7 46 13 25 39 15
(API)
80 thinner 95-140 C7-C8 71 8 2 10 19
(API)
50 thinner 100-105  C7 33 66 - 66 1
mixed xylenes 137-140 C8 100 - == -— -
(API)
n-nonane 151 Cc9 - 100 - 100 --
(API)
Shellsol A 164-184 €9 95 - - - =-
(Shell)
140° flash aliphatic :
solvent 185-210 C5-Cl2 3 ? ? 61 36
(API)
40 thinner 185-230 Cl0-Cl2 30 2 ? 25 44
(AP1)
deodorized
kerosine 210-270 ? 4 ? ? 55 41
(APT)

* = more than 5% total P = n-P + i-P

A = aromatics N = naphthenics

n-P = normal paraffins
i-P = isoparaffin
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MEL
(Maximum Exposure Level)

’

OES .
(Occupational Exposure Standard)

EH 40
(Guidance Note on Occupational
Exposure Levels)



CONTROL OF SUBSTANCES
HAZARDOUS TO HEALTH

Assessment of risk

Appropriate precautions
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ADDITIONAL STUDIES MAY BE REQUIRED AT
LEVEL 1

10 tonnes p.a. or 50 tonnes total
e.g. Fertility/reproduction/teratology
sub-chronic/chronic toxicity

and LEVEL 2

1,000 tonnes p.a. or 5,000 tonnes total
e.g. chronic toxicology
carcinogenicity
toxicokinetics
2nd species

Both Notifier and Competent Authority are

required to discuss what should be done to any
specific compound
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_ENFORCEMENT

e

PROFESSIONAL BODIES

- General Medical Council

- General Dental Council
etc

INSPECTORATES/OFFICIALS

HSE - Factory
Agricultural
Mines and Quarries

Nuclear Installations

DOE - Radioactive Substances

Pollution

Local Authority -  Environmental Health
- Trading.Standards

DT - Railways
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ANNEX A: COST BENEFIT METHODOLOGY

Introduction

- .

—

Al. The preparation of a Cost Benefit Assessment (CBA) involves

the identification and quantification in common monetary terms, of

all the desirable and undesirable consequences of a particular
measure to the nation as a whole. In undertaking this we are
concerned solely with the additional costs and benefits of
achieving compliance with any new requirements in the proposed
controls not with the costs and benefits of mééting existing
requirements.

A2. The purpose of the Annex is to provide a simple guide to the
stages involved in this task and the issues that need to be
addressed. However CBA is not a standard drill and this is not a
comprehensive guide. Policy Sections will need to obtain
professional advice from ESUl before attempting to produce a CBA,
except in the most straightforward cases.

A3. Assessing the costs and benefits of a control to the nation
as a whole involves attempting to measure the amount of real
resources used up (or saved) as a result of that control. This
does not mean simply calculating the financial costs and benefits
as they fall on or to different groups within the community (such
as employers, employees and the public purse) and then adding up
the results. One needs to avoid the inclusion in the total costs
of financial transfers (e.g. compensation and state benefit
payments) and "double counting" (i.e. counting the same resource
costs twice as it’s successively passed on to different groups
within the community). Nevertheless it is-important to
distinguish the separate effects of controls on the different

groups affected (the EDU places particular emphasis upon this).
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Identification of Costs and Benefits of Health and Safety
Controls

A4. Identifying the costs and benefits ofwa new health and
safety control involves the following tasks:

a. On the cost side

i establishing the "baseline" which is the existing legal
requirement, or current practices if higher than this, to

compare with the requirements in the proposed control.

ii identifying the additional physical equipment and changes
in labour and management practices required and any
consequences upon the production of goods and services.

atghat

b. On the benefits side

i establishing the present scale of the problem in terms of
both actual and potential health detriments.

ii assessing what contribution the proposed control may be

expected to have upon this.

A5. Different types of requirement present different problems of
identifying the costs and benefits involved. In particular:

i Establishing the baseline is by no means straightforward.
The HSW Act general duties require employers to do all
that is reasonably practicable to safeguard health and
safety. It is often very difficult to identify in what
ways the proposed controls go beyond this. To try to do
so requires establishing what is presently enforceable,

namely what is currently reduired by inspectors and would

be upheld by the courts and is understood to be required

by any reasonable employer.

17
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iii

iv

Many employers may have already achieved higher standards
than those legally reanired at prr=ent and so if a higher
legal standard was pro: i, compliance with it might
involve no additional cost to them. It is necessary to

- =

take account of this "prior compliarmce".

Another problem at this stage arises where the proposed
control is likely to accelerate the replacement of
existing machinery by new plant. It is important not to
overestimate the cost of the requirement since economic
obsolence would have brought the need for replacement
eventually. One also needs to try to identify the other

(non safety) gains to firms associated with the new
plant.

Requirements for the provision of protective
clothing/equipment present a different problem at this
stage; namely that their effectiveness depends on the
extent to which the clothing/equipment is used properly.
Experienced inspectors may be able to help here.
Otherwise one may need to make a range of assumptions as

to the proportion of employees who will use the equipment
properly.

Requirements for routine tests/inspections are likely to
have the most important impact on production and hence
costs in the form of "downtime". This is the production
lost while the machinery is shut down for the inspection.
It is hard to assess the impact of this as some
inspections may be planned to avoid any output loss (e.g.
scheduled during weekends or holidays).

18



vi Restrictions on the level of exposure to a hazard
prescribe the outcome rather than the means of compliance
and identifying the costs of compliance will be
complicated by theﬂfdliowing factorss

- current exposure levels will vary between firms.

- there may be a range of means available to achieve
compliance (e.g. engineering controls, personal
protection etc).

A6. The problems involved in identification (and subsequent
quantification) of the benefits of the proposed control vary
considerably according to the type of risk involved. We can
crudely categorize the types of risk HSE seeks to control into 3
categories: "cuts and corpses" (i.e. fatal and non fatal

workplace accidents); "coughs and cancers" (i.e. occupationally
related ill health and disease); "catastrophes" (i.e. the risks
from major hazardous installations). ESUl can advise in each

case. The main issues that will be faced in identifying the

potential scope for benefit from a control are as follows:

i In the "cuts" and "corpses" situation the main problems
involved in establishing the scale of the problem and the
scope for improvement from control concern the
availability and reliability of sufficiently detailed
data. Because their connection with workplace events is

usually obv1ous and 1mmed1ate, it is possible in
principle fo observe and record their occurrence. In
practice we may not be able to distinguish the injuries
we are interested in because we failed to set up a system
for this when we set up our record system. Even then the
data may be unreliable because it has been recorded and
classified incorrectly. It may also be that changes in
circumstances (e.g. technological change) make this
historic data inaccurate as an indicator of the current
scale of the problem.

19
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In the "coughs" and "cancers" situation, the problems
concerning the availability and reliability of data are
intensified. Given the very long time lag that may exist
between exposure to substances and the resulting health
effects definitiVQ'Eﬁiaemiological gvidence may not be
available. Such evidence will usually only be available
where substantial numbers have been exposed over a long

period, and then_only if good records have been held.

Often the only information will come from experiments on
animals from which attempts can be made to derive dose
effect curves which can be applied to humans. The
uncertainties involved in this are enormous, particularly
when it comes to assessing the effect of low levels of
exposures. Is the putative dose effect relationship
linear? With a suspected carcinogen is it prudent to
assume a linear relationship down to zero exposure even
if this cannot be established with the evidence that is
available? If information about the substance involved
is very limited can we make some guestimate of the
possible risk at given levels of exposure in relation to
some other similar substance whose putative dose effect
is better documented?

In the case of "catastrophes", Probabilistic Risk

Assessment techniques can provide estimates of the
present risk drawing upon historical experience,
supplemented where necessary by analysis and prediction of
potential accidents. These are subject to uncertainties
which may be considerable for rare events for which there
is little historical record. 1In such cases a sensitivity

analysis (see A26) is particularly desirable.

20



Quantification of Costs and Benefits of Health and Safety
Controls

A7. To assess whether a partieular control is worthwhile and to
prioritise the regulation of the different Razard we have

responsibility for controlling, we need some means of collapsing
the various costs and benefits of health and safety controls into

a single measure of value. This raises several problems, and in
particular:

i The following hypothetical risks are not the same

although to some people they might appear to be crudely
equivalent:

- one death due to a factory accident.

- one extra cancer case in twenty years time due to
exposure to a harmful substance.

- a 1 in 1000 chance of killing 1000 people living and
working near a hazardous installation.

ii The most convenient (though not necessarily the only)
indication of value is money. Some benefits are easily
quantified in money terms, e.g. machine downtime but the
main benefit will be in reduced loss of life and limb.
How can we place monetary values upon life and good
health which is surely priceless?

Putting a Monetary Value on Health and Safety

A8. The traditional approach (adopted by several Government
Departments) valued a life as equivalent to the value of a
persons future stream of output plus a (fairly arbitrary) sum for
"pain, grief and suffering", with a similar approach adopted for
valuing non fatal injuries and diseases. For a life this
approach produces a value of just over £200,000 (in 1986 prices).

This approach has been heavily criticized for failing to take

21



account of the preferences of the individuals at risk and, in
consequence, undervaluing safety. Any value based on this
approach should be regarded as the minimum value for a life.
A9. When considering safei;.measures the ciroices facing us
involve small additional risks of death or other harm to a
largish number of people, rather than certain death to a small
known population. Peoplé do accept risks in return for financial
benefits in other situations so, in principle, we can obtain
monetary valuation for the additional risks presented by the
hazards we seek to control either through:

i seeing what people spend in other situations to reduce

the risks they face - the "revealed preference approach"
or

ii by asking people what they would spend in hypothetical
situations to reduce such risks - the "questionnaire
approach".

Al10. Examples of the former include estimates of the premia on
wages paid for increased risks of fatal accidents after
standardizing for numerous other factors that would be expected
to influence wages (such as schooling, work experience,
unionization and occupational desirability). A recent academic
study indicated a value for a life, revealed by

differential wages of around £3m in 1986 prices. There have been
a number of attempts to obtain values using the "questionnaire
approach". A recent study for the Department of Transport
obtained values for a life based on individuals stated

willingness to pay for transport safety of over £2.5m in 1986
prices.
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All. A related technique has been developed by health economists
to put relative values upon different types on non fatal
disabilities. This involves the development of a scale ranging
from O (equivalent to death) up to 1 (equivalent to perfect
health). Thus, for example., offe year with a disability level
rated at 0.5 can be measured as half a "quafity adjusted life
year" (QALY). This technique therefore aims to equate a given
number of non fatal injufies and diseases to an equivalent number
of fatalities to which values for a life can be applied.

Al2. Within HSE we are still working towards establishing
defensible monetary values to apply to health and safety
benefits. Policy Sections should consult ESUl on the appropriate
figures to use. Sensitive presentation is essential. Given the
uncertainties involved it may be necessary to avoid reference to
any explicit values and instead calculate the implicit value that
would need to be placed upon a life to equate net present

benefits with costs and to compare this with past decisions.

The Use of Opportunity Costs

Al3. Most resources have alternative.uses in the economy. The
cost of using resources in, for exampigiiimpgqvqu health and
sa{g;yb_is the best alternative use, to which they could be put,
that is foregone: i.e. the "opportunity cost".” This is the basis

used to value resources in CBAs.
Al4. The opportunity cost will usually, but not always, be

reflected in the prevailing market price. Circumstances where
they may not arise where for example:
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a. Prices are affected by taxes and subsidies:

Full adjustment of market prices for the distorting effect of
taxes is not practicable but it is usual to exclude most
indirect taxes. VAT in particular shouTd normally be
deducted from the market price of inputs and outputs. No
such adjustment should be made for direct taxes (such as
income and corporatibn taxes) nor for import tariffs which
are paid to the EEC, nor for property rates.

b. Where there is monopoly:

Profits accruing to suppliers should in nearly all cases be
regarded as part of the normal cost of the good or services
concerned but this will not necessarily be the case where
there is a monopoly involved. However, although excess
monopoly profits are not a resource cost, it is usually
impracticable to adjust market prices to exclude them.

c. There is substantial unemployment or under employment:
If the unemployed are willing to take jobs at existing wage
levels but unable to find them it has been argued that the
opportunity cost of employing them must be lower than the
prevailing market wages and so a (lower) "shadow" wage used
instead. Treasury guidance does not support this argument
preferring that such labour market imperfection be dealt with
by specific policies rather than through adjusting values
used in CBAs.

Al5. Resources costs to HSE arise largely from preparation and
implementation of new controls. The latter involving inspection
for enforcement and, in some cases, administration of
notification and licensing systems. Even though no new resources
may be made available to implement the new controls there is
still an opportunity cost in the form of other work foregone.

The resource cost will need to be calculated by applying the

Ready Reckoner figures for the cost of the staff involved.

24



Al6. Where new requirements involve diverting labour from
productive tasks into training or inspections the resource cost
involved is the loss of the output produced by that labour.

Since this may be difficult t6 measure directly it is common
practice to proxy the value of the lost ouE;ut by the cost of the
labour inputs (i.e. the wage paid plus other non wage labour
costs - national insurance contributions, superannuation etc).
This reflects an assumpfion that the marginal cost of employing
labour will equal the marginal product of that labour.

Al17. Transfer Payments should not be included. These are

payments for which no goods or services are obtained in return.
Examples include state benefits and compensation payments. They
change the pattern of distribution of income or wealth but do not
entail any consumption of national resources (unless of course
they are to or from foreign countries or individuals). Transfer
payments may be made to compensate for health and safety
detriments which, though not resources costs, are nonetheless
real costs to those who have suffered harm. However it is not
desirable to use such compensation as a proxy for these costs,
unless there is no practicable alternative, since they may not
reflect the values which the individuals themselves would

accept in return for the risk of harm. [See A29 on need

separately to distinguish impact on different sectors of the
community. )

Welfare Costs

Al18. It is important to take full account of losses in economic
welfare that may result from control or prohibition of substances.
If we control a substance used as an input in the production of
goods sold to consumers, the extra costs of producing these goods

25



will reduce the demand for these goods:
f\f‘l‘lLZ

Subsoquent  $ foﬁ"‘j

Refla fmnshp

'ﬂu-(ldt -‘-h\(pp(j
Rﬂ tat 1oy slh', i

~Tosy cf | 5 -~
— “ Prolucers ’Swrlus"

- |

B e 8 i Demand Fola (u,.‘u‘:p
— | 1 >
Fi 1 9, Yo A t{j
lgure

A19. Figure 1 illustrates the impact. The increase in unit costs

due to the control is P; - Pj7. This will reduce demand and hence
sales from gg to gq;. The additional resource cost of the control
is represented by area A (i.e. the increase in unit costs (P; -

P17) multiplied by the new output (g;)). This cost is met
partially by producers and partially borne by consumers of the
final product. However there are two further -welfare losses to

Firstly there is the loss of producers’ profits on the
lost output gqg - q;.

consider.

This is the lost "producers’ supply"
represented by the triangular area D. Secondly there is the
welfare loss to consumers, represented by the triangular area C.
This is the loss of consumers surplus i.e. the extra amount that
consumers would have been willing to pay to secure the extra
amount of output gq; - qg, A simple approximation that will
usually suffice for marginal changes (and~assuming linear demand
and supply functions), is that these further welfare effects will
be (roughly) half the increase in unit costs (P; - Pj;3;) multiplied
by the change in output (g7 - qg). ESUl will advise,

necessary help to estimate these effects.

and where
There is also a loss of
revenue to producers (represented by area B) but this is fully

offset by a saving in resources now available for use elsewhere.
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Costs which have already been spent or committed

A20. Costs which have already been spent or committed should not
be included because we are interested in The economic impact of
the decision under consideration not the impact of past
decisions. However account must be taken of the opportunity cost

of resources which could still be used for another purpose.

The Time Dimension

A21. Since most people prefer jam today td‘jam tomorrow, in
investment appraisals future costs/benefits are converted into
present value through a procedure called "discounting". The
discount rate applied to future costs/benefits determines how
rapidly the value today of a future £1 falls away through time,
just as the rate of interest determines how fast the value of f1

invested now will increase.

A22. HM Treasury recommends a discount rate of 5% per year in
real terms be used to reflect.the "opportunity cost" of capital

i.e. the alternative use of present resources in productive
investment.

A23. The application of discounting is sometimes criticized for
producing low present values for the benefits of reducing cancers
and hereditary effects many years in the future. It is however
necessary that appraisal of health and safety controls be

undertaken on a basis which is consistent with other public
decisions.

A24. Costs and benefits should all be -expressed in real terms to
remove the effect of future changes in the general price level.
However where particular prices are expected to increase a
significantly higher or lower rate than general inflation, the

relative price change needs to be taken into account in the
calculations.
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Indirect Effects

A25. A requirement which imposes additional direct costs, e.g.
upon employers, can have a nsumBer of possible indirect
consequences. The cost may be passed on toqzonsumers in higher
prices which in turn affect sales, exports and employment.
Alternatively it may depress wages or it may reduce profits and
investment. The possiblé indirect effects are complex but may be
modelled. HSE however does not have the economist resources to
systematically investigate these second round (or indirect)
effects. They should not, however, be completely overlooked. We
look to both sides of industry to point out possible effects to us
during informal or formal consultation.

A26. Even though we aim to quantify and attribute monetary
values to all the desirable and undesirable features of the
proposal, there will inevitably be factors which cannot be
quantified meaningfully. Examples are the assuagement of public
anxiety about a potential hazard, the value of better information
for employees, emergency services or the general public. These

factors should not be ignored but'need to be mentioned separately
in the CBA.

Sources of Data/Information

A27. To undertake the assessment requires a considerable amount
of information and data. HSE has a very wide range of policy
responsibility covering a multiplicity of industries. Data
collected for one assessment will rarely be relevant to another.
The following sources of information and data can be used (though
this is not intended as a comprehensive list):
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HSE statistics on occupational accidents and prescribed

diseases and various types of enforcement action may help
to indicate the size of the problem which new
requirements are designed to tackle and in assessing the
likely benefits from- the controls. _The HSE statisticians
in ESU2/3 and EMSU should be consulted about what data

can be obtained and what interpretation it can support.

Other official publications provide data on, for example,

earnings (New Earnings Survey, DE Gazette), employment
(DE Gazette), non wage labour costs (labour cost survey,
DE Gazette), output (Census of Production), and machinery
populations (DTI and/or Business Statistics Office
Publications).

Other Government Departments (e.g. DTI, DE) and Local
Authorities are likely to be most useful sources for
obtaining unpublished and more detailed data (although
there may be problems of confidentiality).

HSE Inspectorates and National Industry Groups are a very
valuable source of information on existing practices and
how the requirements are likely to affect establishments.

More detailed quantitative information may be obtained

e.g. through planned special visits bf inspectors although
resources for this are very limited. Even though some
inspectorate information may be -impressionistic it will
provide a solid basis for informing assumptions that

one may have to make.

Trade Associations, Employers Organisations, Chambers of
Commerce and Individual Firms are useful sources of

detailed information about, for example, numbers of
particular types of machines, cost of safety equipment,
costs of changes to work practices etc. They may also
provide information on possible indirect effects.
However there may be problems of confidentiality and
information obtained from these sources should not be
accepted uncritically.

29



vi Insurance Companies may provide useful information on
numbers and costs of accidents but there are likely to be

great problems of confidentiality which may prevent them

providing information. oot

vii Special Surveys may be organised using either postal or
telephone interviews or face to face interviewing.
However HSE resources for this are very limited and
surveys tend to be costly (especially if outside market
researchers are used) and burdensome to those surveyed.
Furthermore surveys have to be represéntative and well
thought out and executed if the results are to be
credible. Surveys should only be considered when an
initial assessment indicates that both costs and
potential benefits are likely to be substantial and there
are significant areas of uncertainty in the initial
estimates. ESU3 should always be consulted (see para 30b)
when a programme of special visits or survey is
considered. They will advise on sampling and
questionnaire design and liaise with the survey control
unit where appropriate.

Treatment of Uncertainty

A28. Valuing costs and benefits will invariably involve some
assumptions having to be made. In some cases the final result
may be dependent on the choice of assumptions. This needs to be
investigated by varying the assumptions and seeing what happens
to the final outcome. This is known as sensitivity analysis. 1In
some cases it may be desirable to provide a range of values
rather than a single estimate. It is particularly important to
avoid biasing the final outcome through the choice of optimistic

assumptions.
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The Distribution of Costs and Benefits

A29. CBA is concerned with the best use of the nation’s
resources not with their digt}ibution. However the costs and
benefits of health and safety requirements generally fall upon
different parties, and in very different ways within non
homogeneous groups. There are therefore important distributional
questions that must also be considered by decision makers. It is
important that the CBA does not obscure this and presentation of
the results should distinguish the impact upon HSE and other
public bodies and also the impact upon small and medium sized
enterprises (whose viability may be particularly affected by
additional Government regulations).

Presenting the Results

A30. The exact form of presentation will vary but, except in

very simple cases or in summaries of CBAs, one should aim to set
out the following:

i the scope of problem and objectives of the proposal.

ii present requirements and current practices.

iii the resource cost (to the nation) of these requirements
(itemized by requirement to help decide whether every
requirement is necessary and separating out the costs to

HSE and other public bodies).

iv the health and safety benefits in monetary values where
possible.
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v other benefits (these will generally take the form of

cost savings from deregulation aspects of the proposal).

vi comparison of costse.anf benefits (in net present values)
o

- mentioning any unquantifiable costs and benefits.
vii appraisal of uncertainties.

viii impact upon small and medium sized enterprises.
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CASE STUDY OF ECONOMIC ASSESSMENT

(A) Proposal - to prohibit the thdustrial use of quftance M.

(b) Background - substance M is used in the production of a range of
industrial sealants (Y). Test data suggest that' M is carcinogenic in
the animals tested. But there is lttle epidemiological evidence for
humans., You are asked to assess the economic consequences to society of
a total prohibition of the industrial use of M. Higher cost

alternatives to M are available in some applications.

(C) Health Risk in Animals

j P Acute toxicity

The results of clinical tests on M are as follows: An LDgg value of 750 mg/kg
in rats was noted for M dissolved in arachis oil. No signs of toxicity was
noted at dosages of 5,000 mg/kg in aqueous suspension. In the dog, signs of
toxicity, including weakness, cyanosis, pallor and methaemoglobinaemia, were

noted after doses of 40 and 80 mg/kg.

24 Sensitivity

Only mild irritation was noted when solutions of up to 40% M were applied to
intact guinea-plg skin. Other tests of sensitivity have shown similar

results.

3. Sub-acute toxicity

Rats given doses of 200 mg/kg over 2 weeks developed pallor and signs of
discomfort, and showed reduced weight gain. Some methaemoglobinaemia was
observed and ectopic blood formation was noted at autopsy. In dogs, signs of
weakness, pallor, cyanosis and vomiting were seen when the animals were dosed
over a 70 day period. Macrocytic anaeymia and methaemoglobinaemia were also

noted.



b4.

Mutability

In a number of short term tests, M or it matabolites ,shas caused point

mutation and chromosonal damage Iin a variety of organisms.

5l

Carcinogenicity

Studies using mice, rats and dogs have in all cases produced an increased

incidence of malignant tumours. In one study a dose related response was

observed.

(D)

|

HEALTH RISKS IN HUMANS

There 1is little data on the effects of exposure to M on humans. Despite

considerable use over many years, there are no reports of eye and skin

irritation. This suggests M is not a potent skin irritant in man. Mild and

transient urinary symptoms have been reported from workers exposed to M, and

other chemicals. Similarly, a significantly higher incidence of bladder

cancers has been recorded in a group of workers exposed to M, and other

substances. In neither case has M been isolated as the causative agent.

(E)

ll

7.

AVAILABLE DATA ON SUBSTANCES M AND Y

No of Firms producing substance M in UK = 1
Total employment in production of substance M = 25
Production of substance M for domestic use = 46 tonnes

" for export - 181 tonnes
Total value of sales of substance M ik = £l million pa
Annual wages and salaries bill for producing - £296,000

substance M

Substance M is a valuable by-product from a complicated chemical process

where the following are also produced -



(a) Substance Q - value £2.5 m perannum

—
(b) " A - " £0.8 m " % -
(c) " o- " £0.7 m " "

8. The annual loss of profits to shareholders of the manufacturer, and the

two importers of M amount to £1,000,000.
! Total employment in production of M and outputs usiag M is 298.
10. The value of output of Y has increased over the last 4 years. This has

largely been the result of a fall in the price of M, which has been passed on

wholly to the consumers of Y. The changes in price and value are set out

below -
Value of Y
in £1000's, at % charge Price of Y
Year 1986 prices in value £/tonne
1983 590 - 5.40
1984 660 +11 5429
1985 750 +13 " 5,00
1986 1,000 +13 4,00 o

I1. The cost of using the various substitutes for M is approximately £1.80
per tonne; a cost that would be passed onto customers. Because of the costs
of transport, there is little international trade in H; 95% of M sold here is
made in the UK.

12. The excess mortality associated with exposure to asbestos is 0.3% {ie, if
1000 people were working with asbestos, then 0.36% of 1000, that is 3.6 lives
would be saved by its prohibition.



(F) OTHER DATA

1. The present value of £l thig year, and every year for the following 10

—

years is (at a 5% discount rate) £8.722.

2, The equivalent value in 30 years time of El today is £4.3215, (at a

discount rate of 5%).

s The value of lost future output associated with early death due to
industrial accident or disease is estimated to be an average of £150,000 per

case. Average minimum estimated value of compension for pain, grief and

suffering associated with early death 1is around £60,000.

Ywﬁ;;l /" 3 i
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CASE STUDY - ANSWER

COSTS

-
- =

Two markets are involved: the one for M and the oné for Y.

The Market for M

The revenue from manufacturing
A and importing M is given by
the area E,EO‘JL.O

P 4 M
Of this, the revenue lost
OBEq,, is exactly offset by
resources freed for use

elsewhere,

The area BEP,, represents a
loss to producers,
uncompensated by gains

elsewhere in society.
© %, Quantily of M (toanes)
F'S'

This producer surplus (PS) had previously been reflected in the companies'
share value. 1Its size is reflected by the estimated change in the stock
market valuation that would result from the prohibition of M. Alternatively,

we could look at changes in profitability, that would result.

The area AP E represents the consumer surplus, ie the amount consumers would

be willing to pay but do not. With the prohibition of M this consumer surplus
is lost. i

However, the consumers of M are the producers of Y. Their consumer surplus in
M is embodied in the costs of production of Y. Therefore, to include lost
consumer surplus in the M market would lead to double counting when the market &xY

is examined.



The Market for Y

The supply relations and demand relation in the market for Y is represented in

Fig 2. The welfare cost of prohjpitéon of M, leading to substitution, is the
area PE|E,CA. -

guw\b ::g \f t\her ‘Uro\n)\ha hm
4 M,

Supply of Y With M, €,

ngiﬁ

i

l

|

|
O %, (k,
Thus, the welfare cost = é(Pl—Pé )(qo—ql)+(P1—Pg )ql
Q(PI—PO) = £1.80

108
gy = PR = 250,000 tonnes
4
750,000
q] = = 150,000 tonnes
5

o % welfare cost (4 x 1.8 x 100,000) + (1.8 x 150,000)

360,000

ie

£360,000 per annum

TOTAL COSTS: The total costs, assuming all types of Y can be produced from
alternatives to M; and no other costs from switching from M:
is: PS.+ £360,000 per annum.



I[f, PS is assumed to be £100,000 per annum.

é;ohoﬂf

Then, total costs = £460,000

-
- .

The present value of £l given this year, and for the=mext 10 years is £8.722.

Similarly, $460,000 over this and the next 10 years has a present value of
£4.012 m.

BENEFITS: (1) Estimated number of lives saved that would be sufficient to
justify costs of prohibition.

(2) Estimated value of life that would justify prohibition.

(1) Assume that the mean time lag from exposure to M, and health detriment

is 30 years.
The present value of the cost of prohibition = £4.012 m

£1 now is equivalent to £4.3215 in 30 years time

«*+ number of lives saved would equate benefit and cost 17.338 m

.2 m

87 lives

(2) Assume excess mortality rate for M is the same as that for asbestos, ie
- 36?; -

No. workers in contact with M = 344

344 x .36
100

«*« no. lives saved by prohibition in 30 years time

1.238

**+« costs of prohibiting M equals benefits if a life is valued at
17.338 m = £14,004 m
1.238

Disc No 583/38 Bl



CASE STUDY - PHTHALATE ESTERS

1.

the arguments proposed and,
clusions be and why?

2 The plasticizer di(2-ethylhexyl)
in plastic film for food wrapping.

You should consider the evaluation carefully.

Do you agree with

if you €do not agree, what would your con-

—pt

adipate (DEHA)

is widely used

The structure is shown below:

C2H5
?Hz C02 CH2 CH - CH2 {CH2)2 CH3
(), ~
CH2 CO2 CH2 CH - CH2 (CH2}2 CH3

L

This compound is generally non-mutagenic.
peroxisome

2%, for 2- for 3 weeks.
or marmosets.
to 25000 ppm were given for 2 years
any tumour type was seen.

interpret these findings?

Table 1.
Male
low
control Y
number of livers 50 49
hepatocellular
adenoma 6(12%) B(16%)
carcinoma T(14%) 12(24%)
mice with primary 26% 41

liver tumours

In the mouse,
in males given 25000 ppm DEHA for 2 Years (Table 1).

In the rat it induced

proliferation when given in the diet at a levels of 2.5-

No peroxisome proliferation was seen in hamsters
In a carcinogenicity study

in the rat, levels of up
no increased incidence of
marginal increase was seen
How would you

but
a

Hepatocellular tumours in mice given dietary DEHA

Female
high low
level Sanral level

49 50 50
15(30%) 2(4%) 5(10%)
12(24%) 1(2%) 14(28%)

56% 6% 38%

3. What regulatory action would you take on DEHA and why?

él
developed.
and dicyclohexyl phthalate (over leaf).

New plasticizers based on o-phthalic

acid are continually being

Examples of existing materials are benzyl butyl phthalate

high
level

49

6(12%)
12(24%)

37%
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If you were given the problem of deciding on a priority list for toxi-

cology studies on a new phthalate ester, what would you choose, and
why? ~

5. The properties of hype lipidaemia/peroxisome proliferation/ carcino-
genicity in animals are seen not only with phthalates but alsc with
certain compounds used clinically as hypo lipidaemic drugs. Examples
are clofibrate and fenofibrate. If you were asked as a regulator
to decide whether or not a new hyp© lipidaemic agent should be marketed,
what would you wish to know about its toxicity? If marketing was

allowed, what might you do to ensure that the compound was safe in
humans?
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CASE STUDY - PHTHALATE ESTERS

1. Introduction

Phthalate esters are derivativegs, of o-phthalic acid (I, Figure 1)

that are widely used as plasticizers. Plastic maferials such as poly-
vinyl chloride (PVC) would ordinarily be difficult to work (roll,
mould etc) and would be extremely brittle. Such plastics are rendered

more flexible by the addition of compounds known as plasticizers.

Of these the most commonly used are the phthalate esters of which
di (2-ethylhexyl) phthalate, _ usually known as DEHP (V, Figure 1)
is the most widely employed.

2. Physical/Chemical Data

DEHP (C2 H3 04, molecular weight 390) is a colourless or yellow, oily
liquid o% ?ow volatility at room temperature. It has the following
physicochemical properties:
melting point -50°C
boiling point 370°¢C (atmospheric pressure)
231°C (5 mm mercury, 6.67 x 102 Pa)
specific gravity 0.986 (20°¢)
flash point 425°¢ (open cup)

5 pa)/25°C

vapour pressure 3.4 x 10_7 mm Hg (4.53 x 10~
0.001 mm Hg (1.3 x 1071)/100%C
octanol/water partition coefficient log Po/w 3-4
Its solubility in water is low (0.3-0.4 mg/l at 20-25°C) but it is

miscible with most common organic solvents. Like most simple esters
it has low chemical reactivity.

3. Kinetic and Metabolism Data

DEHP is rapidly absorbed from the gastrointestinal tract of the rat
ana pig after oral dosing. In the rat, around B80% of a single oral
dose was excreted in the urine indicating extensive absorption. However,
in the marmoset only around 2% of an oral dose was absorbed.

DEHP is rapidly hydrolysed in vivo in a variety of species to its
monoester, mono (2-ethylhexyl) phthalate (VII, Figure 1) and the

alcohol, 2-ethylhexanol. MEHP is extensively oxidised to yield a
number of hydroxylic and carboxylic derivatives (Figure 1) whilst
the 2-ethylexanol is converted to ketones (e.g. 2-heptanone) and other
oxidative metabolites and eventually to carbon dioxide.

Distribution occurs to most tissues with the highest levels 'being
seen in the liver. Fatty tissues show a preferential uptake but levels
rapidly decline once compound administration is stopped.



Figure 1
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T'he identities of the urinary metabolites of DEHP and their relative excretory patterns. Figures in parentheses are for: rat, mouse,

puinea-pig, Afncan green monkey, hamster and man* showing the percentage of total urinary metabolites,

it et s



DEHP and its metabolites are rapidly excreted in the urine of rats
and mice after oral (or intravenous) administration. Some faecal
elimination resulting mainly from biliary excretion (rather than from
non-absorption) also occurs. In the marmoset however where poor absorp-
tion occurs, the majority of an o6fal dose is excretegﬁin the faeces.

In humans after oral dosing, absorption occurs and DEHP and its meta-
bolites are evident in the urine. Similarly, DEHP and its metabolites
are e;creted via_the urine after intravenous (often inadvertant) admini-
stration. DEHP is rapidly hydrojyse; in bumans and a variety of meta-
bolites derived from the oxidation of MEHP have been identified (see
Figure 1). Distribution to all tissues occurs with high levels being
noted in the liver and fat. Excretion is rapid and mainly urinary.

4. Toxicity Data and Toxicity Evaluation

-

An enormous amount of research has been directed towards a better
understanding of +the toxicity of DEHP and its metabolites. Most of
this work has been conducted in rodents but occasionally other species
have been used, including primates.

a. General Toxicity

i) acute toxicity. DEHP has low oral toxicity in mammals.
The LD value is in excess of 25 g/kg in rodents. The compound
also has low ‘toxicity after intraperitoneal administration with

LD50 values of 37 g/kg being reported for the rat.

Following intravenous administration as the wundiluted substance
or as an emulsion the toxicity is again low but if given in

solubilised form such as in Tween 80, a much higher degree of toxicity
was reported. A phenomenon known as "shock-lung'" developed
charaterised by oedema, haemorrhage, and infiltrations of
polymorphonuclear leucocytes. In the rat, LD values of 200-250

mg/kg were calculated. Similar effects were noted in beagle dogs

given 300 or 1,000 mg/kg solublised DEHP but not in those given

100 mg/kg or below.

ii) irritancy

No signs of irritancy were noted in guinea-pig or rabbit skin after
topical treatment with DEHP. DEHP was not irritating to the rabbit
eye.

143, sub-chronic toxicity

After sub-chronic administration of DEHP to laboratory animals
two major effects have been reported namely, those on the testes
and liver.

— effects on the testes

rat

Oral doses of DEHP produce testicular atrophy in the rat.
This 1is characterized by a reduction in testicular weight,
and a uniform atrophy of the testes with loss of advanced
germinal cells. Only Sertoli cells and some primary spermato-
cytes remain. The doses used have often been high - in
excess of 1,000 mg/kg or 1% in the diet with dosing periods
of 4 days to 21 weeks.



other species

Mice and hamsters are more resistant than the rat to the
testicular effects of-<DEHP. Dietary levels of up to 25,000
ppm for 13 weeks had no effect on theé®™mouse testes whilst
4.2 g/kg DEHP for 9 days to hamsters produced mild atrophy
in only 2/7 animals. The marmoset was also resistant;
oral doses of 2,000 mg/kg for 14 days did not produce any
testicular effects.

- effects on the liver

rat

Hepatomegaly is seen in rats after admintstration of DEHP,
and this is accompanied by a proliferation of the cellular

organelle known as the peroxisome. (Peroxisomes appear
to have several functions but the major one is the B-oxidation
of fatty acids). This is accompanied by elevations in the
activies of peroxisomal enzymes, particularly in those of
catalase and carnitine acetyltransferase. Peroxisomal B-oxida-
tion is greatly enhanced. Accompanying the hepatic changes,
and probably related - at least in part, is a hyperlipidaemia

with decreases in plasma triglycerides and cholesterol.
The no-effect 1level is not known with certainty but appears
to be around 10 to 50 mg/kg/day.

other species

Mice are also susceptible “to the hepatic effects of DEHP
but hamsters and marmosets appear resistant. Doses of up
to 1,000 mg/kg for the hamster or 2,000 mg/kg for the marmoset,
both for 14 days, produced no detectable hepatic effects.

b. Reproductive Effects

i teratogenic effects

rat

Doses of up to 1.7 g/kg/day DEHP throughout gestation led to reduction
in fetal weights. Dietary levels of 2% DEHP produced increased
incidences of resorptions but no fetal malformations.

mouse

Levels of 0.1 % DEHP in the diet throughout pregnancy produced
embryolethality and increased the incidence of malformations (mainly
spinal and tail anomalies). The most sensitive day of gestation
was day 7; oral doses of 50 mg/kg on this day led to reduced fetal
weight in the absence of maternal toxicity.

ii. effects on fertility

rat

DEHP, 0.34 or 1.7 g/kg to female rats, for 3 months prior to mating
had no effects on the numbers of resorptions, live or dead fetuses,
fetal weights or placental weights.



mouse

When female mice were given 0.3% dietary DEHP (450 mg/kg) for 7

days, prior to mating with untreated males, no litters were produced.
A no-effect level of 0.01 % wag identified in a part of the study

where both males and females weré treated. -

(As might be appreciated from the sub-chronic toxicity section

- effects on the testes, DEHP reduces the fertility of treated

male rats). .

c. Carcinogenicity

i) species: rat (Fischer 344), 50 of each sex per dose group
dose level/dose period: 0, 6,000 or 12,000 ppm dietary, for 2
years

non-neoplastic findings: a high incidence of testicular atrophy

in treated males given the highest dietary level (2%, 5% and 90%
for the 0, 6,000 or 12,000 ppm groups respectively).

neoplastic findings: Increased incidences of hepatocellular carcinoma
and neoplastic nodules were seen in male and female rats (Table
i %

There was a reduction in the incidence of interstitial cell tumours
of the tests accompanying the testicular atrophy in males, given
the highest dietary 1level (11/43; 23% compared with 47/49; 96%,
in control males).

ii. species: mouse (BGC3FlLf 50 of each sex per dose group
dose level/dose period: 0, 3,000 and 6,000 ppm dietary, for 2
years

non-neoplastic findings: increased incidence of testicular atrophy
in males (2%, 4% and 14% for the 0, 3,000 or 6,000 ppm groups respec-—
tively); increased incidence of chronic inflammation of the kidney

in males (2%, 4% and 20% for the 0, 3,000 or 6,000 ppm groups).

neoplastic findings: increased incidence of hepatocellular carcinoma
and adenoma in male and female mice (Table 2) with an increased
incidence of metastatic spread to the lungs (Table 3).

d. Genotoxicity

DEHP has been tested in a variety of test systems including those
designed to detect point mutations in bacteria, and in mammalian cells
in vitro and in vivo, for chromosome effects in vitro and in vivo,
for sister chromatid exchange, the ability to induce micronuclei in
vivo, for unscheduled DNA synthesis and for the ability to induce
dominant 1lethal effects in mice. Generally, negative results were
obtained.

e. Effects in humans

< general toxicity



DEHP has low acute oral toxicity in humans and is not irritant

to the skin or eyes. It does not appear to be a potent skin sensi

tizer.

ii) long term effects - .
—

A morbidity study in Germany of workers exposed to DEHP revealed

no excess incidence of any disease. In the USSR and Italy industrial

exposure to a number of phthalates was associated with a polyneuro-

pathy but this may have been associated with exposure to the precursor

alcohols. i

In mortality studies, only the "healthy worker effect" was
demonstrated in 221 workers at a plant producing DEHP in Germany.
A case-control study of workers at a plant producing phthalates
in the USA revealed no assoication between exposure and deaths
from several types of cancer, but failure to specify the particular
phthalates involved and the exposure levels encountered prevents
any conclusions from being drawn from this study.

No chromosome abnormalities were noted in workers exposed to DEHP
for periods of up to 30 years.

There 1is circumstantial - but no documented evidence to suggest
that male patients exposed to DEHP during regular dialysis have
an elevated incidence of testicular atrophy over unexposed individuals.

5. Evaluation

In modern production plants using sealed vessels, exposure to DEHP
is probably low. The current Occupational Exposure Limit in the United
Kingdom is 5 mg/m’. DEHP is not used to any great extent in food contact
materials in the UK and the intake is estimated to be 0.02 mg/person/day.
Exposure can occur through medical procedures involving the use of
plastics containing DEHP (e.g. blood transfusions, dialysis) and up to

3 mg/kg may be given in this way. Humans are also constantly exposed to
DEHP in the environment where it is a widespread contaminant occurring

in fresh and salt water, in the air and in food producing animals and plants.
It is even found in the atmospheres of new cars and space craft where it
arises from volatilisation from plastic materials.

The major concern from the intake of DEHP arises from the results of the
carcinogenicity biocassays where liver cancers were produced in rats and
mice. DEHP is not genotoxic and the liver cancers are throught to arise
secondary to the hepatic peroxisome proliferation discussed earlier. -
The mechanisms is as yet unclear, but it may involve the peroxisomal
generation of hydrogen peroxide in such large quantities from the oxidation
of fatty acids, that it outstrips the ability of peroxisomal catalase to
detoxify it. The excess hydrogen peroxide can then go on the generate
active species which can then cause DNA damage, either directly
or through the intermediary of lipid peroxidation. A range of compounds
has now been indentified that share several properties with DEHP:

lack of genotoxicity
hypolipidaemic properties
induction of peroxisome proliferation

induction of hepatic tumours



A list of these is shown in Table 4.

It is not known if human liver can undergo peroxisome proliferation but
experiments using human hepatocytes in vitro with certain peroxisome
proliferating carcinogens suggest™that it may not. Studies of humans
given hypoli pidaenic peroxisome proliferating drugs Tike clofibrate
indicate that peroxisome proliferation may not occur in humans in vivo,
at least attherapeutic doses. The proximate peroxisome prolierators

in the rat (i.e.) the metabolites which induce the phenomenon,namely
MEHP and its 5-keto/hydroxy derivatives are known to be formed in humans.
However, the minimal dose for the induction of peroxisome proliferation
in rats is around 10-50 mg/kg DEHP per day providing a large safety factor
(32500 - 162500) over the estimated daily intake of 0.02 mg/person/day
(approximately 0.00031 mg/kg/day). There is an approximately 100,000
fold safety margin for the effects of DEHP on reproduction toxicity over
the likely human intake. Similarly there is a large safety margin for
the effects on the testes but this may be reduced when the possible
maximum dose is received during medical procedures. However, it is still
likely to be sufficient to prevent toxic damage and in any case, must be
viewed in terms of the benefits of the treatment.
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Table 4

Incidences of neoplastic nodules and hepatocellular
carcinoma in rats given dietary DEHP for 2 years.

- =
—
control low level high level
male female male female male female

neoplastic nodules 2/50 (4%-) 0/50 5/49 (10%) 4/49 (8%) 7/49 (14%) 5/50 (10%)
carcinoma 1/50 (2%)  0/50 1/49 (2%) 2/49 (4%) 5/49 (10%) 8/50 (16%)

combined incidence 3/50 (6%) 0/50 6/49 (12%) 6/49 (12%)12/49(25%) 13/50 (26%)

combined incide
nC€ 3,100 (3%) 12/98 (12%) 25/99 (25%)

for males + females

Table 2

Incidences of hepatocellular carcinoma and adenoma in mice given dietary
DEHP for 2 years.

control low level high level
male female male female male female
carcinoma 9/50(18%) 0/50 14/48(29%)  7/50(14%) 19/50(38%) 17/50(34%)

alenoma 6/50(12%) 1/50(2%) 11/748(23%) 5/50010%) 10/50(20% 1/50(2%)

males + emales

carcinoma 9/100(9%) 21/98(21%) 36/100(36%)

adenoma 7/100(7%) 16/98(16%) 11/100(11%)

Table 3

Metastatic hepatocellular carcinoma
in lungs of mice. .

control low level high level
males 0/50 T/649 (147%) 5/50 (10%)

females 0/50 1/50 ( 2%) 7/50 (14%)



Table ly
Peroxisome - proliferators shown to be hepatocarcinogenic in rodent species.

-
- =

compound Speciess reference
di(2-ethylhexyl )adipate BE:CBF1 mouse¥* 11,12
gemfibrozil ) CD ratk*¥ : 13-15
tibric acid male F344 rat 16
methapyrilene F344 rat 17-19
clofibrate F344 rat = 20, 21
Wy-14, 643 F344 rat 225 23; 29
fenofibrate Sprague-Dawley rat 24
BR 931 female acatalasemic {CSb) mouse 16
(pyrinixil) F344 rat

: (b) e
nafenopin CS mouse 25, 26

F344 rat

methyl clofenapate F344 rat 2T
ciprofibrate rodent species 28

¥ not in F344 rats, *¥ not in female F344 rats, not in CD=1 mice
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UK DHSS/IPCS Risk Assessment Seminar

pe, Epidemiology Session — 4 December 1987
L pe

Man-made miaeral fibres

e

Asbestos, particularly crocidolite and amosite, is recognised as a major
occupational hazard and is also considered to be a public health hazard. Much
interest has centred on the development, and safety, of alternatives to
asbestos for fire and heat protection, for friction materials and for
strengthening some cement products.

Man-made mineral fibres (MMMF) are increasingly being used as the primary
substitute for asbestos, particularly for insulation purposes.

The primary critical properties of fibres which govern their hazard to man
are:

Property More hazardous state
diameter B finer

length - longer

solubility in lung - less soluble
brittleness - less brittle
rigidity - more rigid
curliness - straighter

surface activity more active

The term man-made mineral fibres covers a range of different products
dependent on the raw materials from which the fibres are made and on the
method of manufacture.

The raw materials include glass, rock, slag (waste from some industrial
production) and ceramics. If the manufacturing process involves blowing or
spinning fibrous material from the melt, the product consists of disordered
fibres of very variable length and diameter. These wools can contain a high
proportion, by number, of respirable fibres.

Alternatively, fibres can be drawn from molten glass to form continuous
filament fibres. The diameter of these fibres can be controlled more
effectively so that fewer are in the respirable size range.

Some very fine glass fibres are manufactured for special purposes such as
aircraft insulation and high quality filter papers. Most of these fibres are
respirable, but these account for less than 1% of total production.

Ceramic fibres also form a small proportion of total production, being used
for high temperature insulation. The term includes a high range of fibres,
some of which are fine, rigid and durable.

Three background papers are attached:
The Epidemiology of Asbestos Related Disease
The Current Asbestos Standards
Man-Made Mineral Fibres: Quantifying Hazards

CER/SLB 25 November 1987



f
— L -
Mascipa  ca® 6-4

H (e xn’?p..'u ) P ‘.’.4-;1—; (‘-.fk Ve ff3

3. [ éw--sz I iy '] Edaexundion il Prrvibos plonl b

LanMnps?  grac h_uwlu'j“ii’ ShescNey, T oy4Rea (7

SH btk Ha S conld  Rave  wtien g, elone

[RUI AT SV S S o rL S |

Do £isi B en

Q'L;) h S:Ht_ LS :F'; £ f__:\. G, © 4 r.-L L% (l ’jﬂ

s LEs R I - D 'bA .*_‘._-;.l,':n f-;-')';-_lgu F2n ;.:-v|

r.‘l\t‘r-"-f\t.-(’s for

k< hl\’\:.hl\g Hae ed -E‘»‘%E'ﬁf o snkrogd
- Cor dhe Laniy op r‘?"‘“ﬂ! taan, Fermat™ 3 i

' 0““;5" ct

—J" 6,-51\5 Leo o Ldals o0 He {c-u“-jt* o

(S I QLN (4.'] .
; ) . }
A Y R le_;,‘- ty chane  on e

F4

L"' 35 el ’.1,,, nal rﬂfﬂ -’r.m"‘y'ﬂ\) R

{)chwaa«A \? pn b e r-.,_-\A I aanacls «

(anal Ftafnmbon  §s  leudh wi&.\f

.{’_\iml Cades vagohng

\ P

2
= . . YRervey o
W\ od )

(18 |,"-.".-.'|wx3-el (\N.Lﬁ.u\:\q\ y Memen iy g M?LQ;,/

Crn vl (_sa_j,ea - M-LY,'&Q) beclS, © fen : ¢ .ul.ec o

tlhgre ¥ s

bz,

UL W
Thaa 7 L r‘.qhﬁc\hﬁa‘_ \\.\g_mx‘m\,is“

.

{.‘:'-‘\ ‘_) —: == f\_\_\f Fo“ of S_\’ \ ﬂ:) 4 -y tae

e



THE EPIDEMIOLOGY OF ASBESTOS RELATED DISEASE

Asbestos, the inconsumable mineral described by ‘Plutarch, used as a wick
for the lamps of the vestal virgins, occurs in serpentine as the commonly used
chrysotile, and in amphibole mineral rock in the form of crocidolite, amosite,
anthophyllite, actinolite and tremolite, the latter three having little if any
commercial value. The principal disorders related to asbestos exposure
include pleural plaque formation, diffuse pleural “thickening, diffuse
interstitial pulmonary fibrosis termed asbestosis, lung cancer, and
mesothelioma of the pleura or peritoneum. Less commonly, and only after very
high past exposure asbestos appears to have been responsible for some cases of
cancer of the larynx, ovary, stomach and perhaps for non Hodgkin's lymphoma of

the gastrointestinal tract. Asbestos fibres embedded in the skin give rise to

skin corns.

The occurrence of the principal disorders related to asbestos exposure
will be considered. Asbestos has been used in industry only since about 1890.
The first case of asbestosis was described in 1907, although not reported as
such. An unequivocal relationship between asbestos exposure and pulmonary
fibrosis was not established until 1928 to 1930 in Britain following which
many cases were reported from Germany and elsewhere, and the first steps were
taken to protect workers from exposure. An association between asbestos
exposure and carcinoma of the lung was first suspected in the 1930s and
epidemiological confirmation of this relationship gaé shown unequivocally by
Doll (1955) who found a tenfold increased. risk of lung cancer in asbestos
workers with more than 20 years' exposure. The first case of mesothelioma of
the pleura in an asbestos worker was reported in 1946, but it was Wagner et al

(1960) who proposed a causal association from their observations on

Page 1



Paget o qois)  inbosselNor, B apsen 8 s

‘

(&‘l;.'né: k b‘:\;‘ [~ LAY (. \1&' Miqaratp i’.' B (O
Bosed oy Hlfoseesy s hedd Jor apolien , Mis  Aagfinedd

—

The o Pdona prdegga) bt By Zehret Aot W

Clieeniy frel Yo e v\ o N e - A:_’_‘I

Wy @Cvek T gaad)  Condidimgg WA e

fere AdFuwy = Latdl s B denne A itreold _,}_ S E PPN
: ¢ e
Bt b d ' 7
=== = <5 { e 4] I"‘L'i.r\r\\] (SN oA

"l gty =V et L} L}
I = U.'\ir: gl ot Heg

L4

g Welwg

el ﬂ.r\-.n] cilogy Y
Q“’*‘ e+ dusar \.h on ‘..\.\H
e —=

l'v’q' Letannzg  4ng

QCC v

Strrlhow , allocewce {ic Mty Phovbonann e ke NP

— 2x=al tle zal pueebad ddsg iy e olneefl
d

s ot s ER
N &6 % s -({:‘U.\"«-‘-“ S ("L 4,"1"{1-}

T P |
| e bod "“I,\l M ¢ velag i I‘\FQ_HVJ
=4 2 §, Covyvae i

Y oW rog
i

2t £ e o .
Mo e ‘-".u {Lved

’\ - 3"{}": Y I c‘ .ﬂ&\ =
.}] [N H\-."eﬁ = Py }‘b‘*(f.’ £ F,F.,

Y. Anen- H'{Y\-“-" i"fﬁ--{' L O efyas
: v P-\-\Ho‘( .

s &f o X {'{_‘ A ¢

Ly

B o o L )
S Btane e, NG ;R lorador catgad sodoe ¢ £

“ “N NS, PN

‘. gl«eh,}i,“{

NeT F\.\*__-wfl e f‘?-\‘«iﬁﬁf.'-, )

N6 ene £ v } ”
Rl et A ditante, .



crocidolite miners in South Africa. In the asbestos hills West of Kimberley
there was heavy environmental pollution in the small townships clustering
round the mine workings and mesotHelioma was observeg'both in workers and in
the local communities. Cases were reported subsequently with increasing
frequency from Britain, USA and other countries following exposure in
factories, shipyards and in the community. In Britain, regulations for the
surveillance of workers engaged on the manufacture of asbestos products were
introduced in 1933, and surveillance, which included pg‘riodic chest x-rays,
was extended to include insulation workers and other users of asbestos in
1969. The progressive revision of exposure limits for asbestos will be
described following consideration of dose-response relationships. By 1960,
the need for information on the occurrence of diseases related to asbestos,
and their relationship to exposure levels was evident, and many studies

followed, in particular in Britain and in the USA.

Problems in establishing a dose-response §elationship

The attempt to establish dose-response relationships for asbestos
exposure is beset with many problems. Amongst these should be included the
long latent interval between initial exposure énd evidence of an adverse
effect, the features of which may be difficult to define; the unreliability
of diagnosis leading to inexact certification; exposure to more than one type
of asbestos each of which may have a different potential for producing an
adverse effect; the inadequacy or even absence of. data on past exposure;
the, until recently, crude methods in use for dust sampling and fibre

identification and counting, and the confounding effects of cigarette smoking.
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While these problems are still with us, precision in epidemiological
studies has been improved with the development of standardised questionnaires
on respiratory symptoms; the use of the ILO classification of chest
radiographs, extended to inclﬁﬁéiarregular opacities and pleural
abnormalities; the use of panels of assessors for reading the chest x-rays;
the standardisation of respiratory function tests; and, in particular, the
measurement of transfer factor, and the quantitative method for assessing
finger clubbing. With regard to exposure assessment, dust sampling methods
have been greatly improved; the early practice of recording total particle
counts has given way to fibre counting and this has become more precise with
improvements in microscopy; the use of the eye piece graticule; phase
contrast illumination; membrane filters and the introduction of transmission
and scanning electron microscopy for fibre identification. Fibre counts in
lung tissue have been improved by digesting tissue with potassium hydroxide
instead of by ashing. However, difficulties arise in attempting to equate
figures for dust concentrations obtained at different times, recorded in
earlier days in terms of millions of pe;r.ticles per cubic foot, and now in

terms of fibres per millilitre.

Benign pleural abnormalities

Pleural plaques, raised areas of hyaline tissue which may calcify with
the passage of time, are present in up to about 407 of persons with regular
occupational or environmental exposure to asbestos, but their presence is
likely to be underestimated as they may be missed on standard chest films,
although readily identifiable on CAT scanning. In a sample of dockyard
workers with asbestos exposure, the risk aﬁongst those with pleural plaques

subsequently developing asbestosis was increased compared with those without
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such plaques (McMillan and Rossiter, 1982). However, other factors contribute
to the formation of pleural plaques and while their presence in those exposed

to asbestos may be taken as a warning sign, the association with asbestosis is

weak. Plaques are also seen in those with envigonmental exposure to
anthophyllite, tremolite and zeolite although asbestosis is a rare sequel. In
those occupationally exposed, the proportion of those affected is related more
closely to time since first exposure than to intensity of exposure to asbestos
dust. Pleural plaque formation cannot be used for the purpose of establishing
dose-response relationships. A high prevalence of pleural calcification has
been observed in a rural area in North-West Greece, but there is no evidence

of an association with previous exposure to asbestos (Bazas et al, 1985).

Asbestosis

The diagnosis of asbestosis is made on a history of exposure together
with the clinical, physiological and radiographic features of the disorder.
Exposure should have entailed the handliﬁé of asbestos products for a minimum
period of two years, unless this was exceptionally heavy, and initial exposure
to have occurred at least ten years previously. Shorter periods, and the
absence of asbestos bodies in sputum or on bronchopulmonary lavage are against
a diagnosis of asbestosis. Diagnosis can be made with a high degree of
accuracy in advanced cases of the disease, but is uncertain and difficult in
the early stages. In mortality studies the frequency of asbestosis is likely
to be underestimated, giving rise to error in risk estimation, in particular
at lower levels of exposure. In heavily exposed workers, asbestosis mortality
is related to intensity of exposure and time since first exposure, and is

higher in cigarette smokers. Smokers of more than four cigarettes daily have

been estimated to be at a greater risk of developing asbestosis than non-
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smokers (Rossiter and Berry, 1978). The risk of developing asbestosis appears
to be greater in the textile industry than in mining and milling, or in the
manufacture of friction products (ﬂgDpnald. 1984). While WHO (1986) concluded
that there is no substantial evidence that asbestos fi:}e type influences the
frequency or severity of pulmonary fibrosis, fibre counts for crocidolite have
invariably been found to be higher in fibrotic lung tissue than fibre counts
for chrysotile. Amphiboles are in general retained longer in lung tissue than
chrysotile, which is subject to fragmentation and more effective clearance of
its shorter fibres. Cigarette smoke reduces long term deep lung clearance and

retention may explain the greater frequency of asbestosis in cigarette

smokers.

With regard to dose-response relationships, taking the presence of basal
crepitations as a criterion for asbestosis, in a study by Acheson and Gardner
(1979), the annual incidence in men with cumulative doses below 100 fibres/ml
years was of the order of 2Z. The incidence of asbestosis in asbestos exposed
workers in industrialised countries is at the present time declining. In
asbestos workers initially employed after 1971 to fibre counts meeting current
standards in Britain, a low prevalence of detectable x-ray changes was
reported (Jacobson et al, 1984). There is no evidence to suggest that general
environmental or neighbourhood exposure results in an increased risk of

asbestosis.

Lung cancer

Bronchial carcinoma and mesothelioma are now the principal asbestos
related health hazards, and both are increasing in incidence in most

industrialised countries, as a result of past heavy exposure. Bronchial
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carcinoma is more often squamous, but may be adenocarcinomatous or less often
oat cell in type. The increased risk from bronchial carcinoma in asbestos
workers is first evident 12 to 30 years after initial exposure, rising with
length of exposure. There is a-Elbé} relationship .with smoking, bronchial
carcinoma being far commoner in smokers and ex-smokers with occupational
asbestos exposure than in non-smokers. Smoking introduces a major confounding
factor leading to uncertainty in risk assessment, because of the lack of
accurate information in most studies. A review of available studies at the
time (Saracci 1981) concluded that the joint effect of asbestos exposure and
cigarette smoking was more than additive but not always multiplicative. More
recent data support the multiplicative model, in particular for the

amphiboles.

Fibre type, size and amount, or intensity of exposure, have to be
considered in risk assessment. Exposure to chrysotile, crocidolite and
amosite have all been shown to give rise to increased risk of bronchial
cancer, but their relative potency is ugélear. This is in part because in
many workplaces mixed exposures occur. However, in Britain, in women employed
in gas mask manufacture during the war, those exposed éo crocidolite had a
greater excess of lung cancer than those exposed to chrysotile alone (McDonald
and McDonald, 1978). The observations made above on fibre size with regard to
retention in the lung and fibrogenic potential, are likely to apply equally to
bronchial carcinoma. Crocidolite fibres are far more numerous in lung tissue

than chrysotile fibres in bronchial carcinoma. Retention time in the lung,

fibre length and diameter may be relevant variables. -

Mathematical models have been derived from incidence data at high

occupational exposure levels in an attempt to estimate risk at low levels of
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exposure. A linear model relating bronchial cancer incidence with dose in
terms of both concentration and time is valid at the higher levels. Such a
model assures that the relative risk is increased in approximate proportion to

both intensity in terms of fibres/ml and duration of exposure.

WHO (1986) quote the formula:
I, (d,f,a,s) = Iy (a,s) x (I + Kp,*d-f) -

where the left side of the equation denotes lung cancer incidence among
asbestos workers aged 'a' who smoke 's' cigarettes per day and have been
exposed for a total duration of 'd' years at an average level of 'f'
fibres/ml. Iy denotes lung cancer incidence at the same age in an unexposed
population with similar smoking habits. K[, is a constant characteristic of
the mineral type and distribution of fibre dimensions of the asbestos. The
relative risk, which equals I + KL-d-f:-is thus increased in proportion to
d-f, years of exposure at an average level of 'f' fibres/ml, i.e. the
cumulative dose (fibre/ml years). The WHO report stres;es the uncertainties
inherent in this formula, with regard to h}storical concentration
measurements, fibre size distributions associated with a given fibre level,
variations in the activity of different fibre types and inadequate information
on smoking habits. Any assessment of risk at low levels of exposure, in
particular at levels which may be encountered in the general environment,

which are orders of magnitude below levels of exposufé in the populations from

which the estimates were derived, must reflect the above uncertainties.
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Mesothelioma

The incidence of mesothelioma. ha® risen rapidly over the past 30 or so
—

years, with about 500 new cases per year now being reported from England and
Wales. Some 85% of these are related to asbestos exposure, the rest being of
unknown origin. Cases have occurred most often in crocidolite miners in South
Africa and Western Australia, in limpet sprayers, insulation workers and
dockyard workers, in persons living in the vicinity of crocidolite asbestos
mines in South Africa, and a few cases have occurrea in women handling
asbestos contaminated clothing. Cases occurred in women filling gasmask
canisters with crocidolite during the second world war, but not when using
chrysotile (Acheson et al, 1982). Very few cases of mesothelioma have been
reported following chrysotile exposure. In addition to crocidolite,
mesothelioma has followed exposure to other amphiboles, in particular amosite.
In a recent study in a chrysotile mining area in Cyprus, several cases of
mesothelioma were diagnosed, both among”hsbestos miners and in the local
villages where tremolite was identified as a contaminant in the environment
and was found to be present in lung tissue (McConnochie et al, 1987). A
number of well conducted studies have shown a clear relationship between
crocidolite exposure and an increased incidence of mesothelioma. In contrast
to bronchial carcinoma, cigarette smoking does not appear to increase the risk
(McDonald, 1984). There is a long latent interval of some 20 to 40 years from
initial exposure before mesothelioma becomes clinically apparent. In general,
although the effective dose required for mesothelioma is less than that
causing asbestosis or lung cancer, most cases have followed work in conditions

of heavy exposure for at least two years (Newhouse et al, 1976). Most cases

of mesothelioma contain at least 10 million asbestos fibres in their lungs.
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Risk assessment based on a mathematical model to link fibre exposure
with incidence of mesothelioma is at the best tenuous. In contrast to the
linear relationship with cumulativg dose proposed for lung cancer, an
exponential relationship with tim; ;ince first exposiire appears to be more
appropriate for mesothelioma. WHO (1986) cite a model proposed by Peto et al
(1982) in which the predicted incidence rate I, t yearé after first exposure,

is proportional to th - (t - d)a, where t denotes years after first exposure

and d is duration of exposure.

Thus: I (t,f,d) = Ky-£-(t% - (¢ - d)4)

where f is the level of exposure in fibres/ml. The constant Ky depends on the
type of fibre and the distribution of fibre dimensions. As with the lung
cancer model, there are reservations with the mesothelioma model. The Ky
value has been generated from amphibole and mixed fibre data and cannot be
used for chrysotile. The WHO Task Group concluded that any number in terms of
cases of mesothelioma per million people will carry a variation over orders of

magnitude.

Exposure limits

Further observations at the asbestos processing plant in Britain where
the relationship with bronchial carcinoma was first recognised, led to an
exposure limit for the prevention of asbestosis of 2 chrysotile fibres/ml as a
UK Hygiene Standard, in 1969. It was subsequently found that workers there
had been exposed to crocidolite as well as chrysotile. Nevertheless, the

improvement in environmental conditions which dated back to 1933, led to a
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fall in lung cancer risk compared with the general population from 10:1 to
1.16:1 (Peto et _al, 1977). Since 1969, with the accumulation of new evidence
obtained from epidemiological studies, the UK Hygiene Standard has been
progressively reduced. Crocidolite, which had been ﬁ:&h used previously, in
particular for the lagging of ships' boilers, was no longer imported into
Britain after 1970, and the exposure limit reduced to d.2 fibre/ml. In 1983,
a new Hygiene Standard was introduced of 1 fibre/ml for chrysotile, 0.5
fibre/ml for amosite, and 0.2 fibre/ml for crocidolite. The use of amosite
was banned a year later, when exposure was again reduced to the present
Hygiene Standard of 0.5 fibre/ml for chrysotile and 0.2 fibre/ml for both
crocidolite and amosite. Similar standards have been introduced by the USA,

and have been recommended by the ILO.

It is considered that, with present epidemiological methods the current
exposure limits should reduce the risk of asbestos related disease to barely
detectable levels. However, in the not too distant past asbestos counts were
frequently in the range of 5 to 15 fibres/ml and counts of 50 fibres/ml were
not exceptional. Due to the long latent interval for bronchial carcinoma and
for mesothelioma, the mortality from these conditions has continued to rise.
The highest exposures, which caused asbestosis, were however curtailed in the
late 1960s when realistic hygiene standards were first introduced. The effect
of these measures is already being seen by a change from increase to relative
constancy in the annual mortality from asbestosis, and the reversal in the
upward trend in Britain in the prevalence of early radiographic abnormality in
persons first exposed since 1971, compared with those of similar age and

smoking habit who were exposed previously.
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UK Control Limits for Asbestos

Asbestos type

1983 1984
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Amosite
Crocidolite
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Postulated Models for Effects of Asbestos Exposure
on Incidence of Lung Cancer and Mesothelioma

(1) Postulated Model for Lung Cancer Incidence

I, (d,f,a,s) = Iy (a,s) x (I +Kp - d - f)
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bronchial cancer incidence among asbestos workers
aged 'a', who smoke 's' cigarettes/day, exposed
for 'd' years at an average level of 'f' fibres/ml

lung cancer incidence at same age 'a' in unexposed
populations with similar smoking habits

a constant, characteristic of mineral type and
distribution of fibre dimensions

Postulated Model for Mesothelioma Incidence

£,d = Ky - f

years since first exposure
level of exposure (fibres/ml)

duration of exposure in years

- (th - (- D)%)

constant, characteristic of mineral type
and distribution of fibre dimensions
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ASBESTOSSTANDARDS

THE GURRENT
ASBESTOS STANDARDS

Asbestos causes disability, disease and death — certainly from
asbestosis, lung cancer and mesothelioma and perhaps from other
cancers and chest disease. In order to set a standard based on
scientific evidence, quantitative assessments of the burden of dust
imposed on workers have to be made; these assessments of “dose”
must then be related o the associated risks of health effects. The
dose-response relationship must be determined.

The results of scientific investigation may provide the stimulus
for occupational hygiene standards being demanded and
agreed. But in practice the standards which are agreed are the
outcome of political argument and political compromise.
Scientifically ascertained facts may identify and to some extent
quantify risks but they cannot settle all argument. This may
be inevitable where people’s health and even their lives are
involved; but political compromise is inevitable also because
the ascertained facts are rarely entirely reliable.

This is so even in the case of asbestos which is probably the
most extensively studied hazardous material. It_is apparent
from a study of the data on exposure levels and disease inci-
dence from which the current asbestos standards are derived.

DOSE-RESPONSE METHODOLOGY
Ideally the shape of the dose-response curve should be known
and for this both dose and response have to be defined accu-
rately in measurable and unambiguous terms: since
epidemiology is essentially observational, the derivation of the
relationship requires much complementary data on dose and
response. Neither measurement is straightforward.

MEASUREMENT OF DOSE
Clearly the ideal measure of exposure is the biologically active
dose, combining the amount inhaled with patterns of retention
and elimination to determine the number of fibres which reach
the target organ and the length of time that they remain active.
All that we can do to estimate this, however, is to measure
the airborne concentration as near as possible to the breathing
zone, and we still do not know what properties of the fibres
are relevant to specific health effects - is it length, or diameter,
or mass, or surface area? Or instead should we count say the
number of fibres of length greater than 8um or of diameter

less than 0.25um? Or is it some other parameter or combina-
tion of parameters! Moreover the term asbestos includes a
group of fibrous minerals ( of which the more important indust-
rially are chrysotile, amosite and crocidolite) — to what extent
does the type of fibre affect the risk? And does the risk depend
on the industry or on the job of the worker who is exposed?
In assessing the ultimate risk of disease what weights should
be givén to exposures at different times in the past? And
finally, to determine an individual's toral exposure, airborne
concentrations are needed throughout the period of many years
when he or she has worked with asbestos: are measurements
taken at different times comparable, even after conversion
factors have been applied between different methods of
measurement?’

Table 1 shows the history of sampling methods for asbestos
since 1951 (before then virtually the only “measurements”
were based on visual assessment of “dustiness"). The dates of -
the changes from one method to another will however have
varied to some extent between companies.

TABLE I: SAMPLING METHODS FOR ASBESTOS USED IN THE UK
SINGE 1951

1951-61 Casella thermal precipitator (sampling for hmited periods
only, about 10 minutes). (In the US the midget impinger
was used for many years.)

1961-64 Long-running thermal precipitator (continuous sampling
throughout a shift).

1964-74 Membrane filter, static sampler.

1974 to present Membrane filter, personal sampler.

1979 to present Membrane filter (personal), sample assessed by using

an cye-piece graticule.

The midget impinger used in North America operates on a
principle totally different from those on which the thermal -
precipitator and membrane filter depend, and work has only
just been published relating the midget impinger to the
membrane filter (Parsons et al 1986). It was concluded that
conversion ratios from particles to fibres subsumed too much
variation to allow use of a single value. Arbitrarily a rario of
3:1 is often used to convert thermal precipitator counts of
asbestos particles (in millions of particles per cubic foot) to
the present standard of fibres per millilitre by membrane filter
with graticule. But Acheson and Gardner (1980) state that
the conversion “at best introduced additional uncertainties
and was at worst indefensible”, and Harries (1971) found no
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ASBESTOS STANDARDS

TABLE 2: DINGXOSIS OF ASBESTOSIS
Diagnosed post mortem™®  *

Yes No Total
Diagnosed Yes 5 3 B
before death No 3 16 19
Toral 8 19 27

TABLE 3: FIBRE TYPEN REPORTED AS ILAWING BEEN USED IN
ROCHDALE PLANT

Date of repert Authors Fibres reported as being used
1955 Dall All chrysorile
1978 Peto “A little” crocidolite
1979 Hardie 2500 tonnes crocidolite during 1931-1970
1983 Acheson & 10,000 tonnes crocidolite during
Gardner 1931-1970
1985 Peto & Doll 10,322 ronnescrocidolite during 1932-1968,

constituting 2¥2% of total fibre and 5% of
total used in textile manufacture

TABLE & FIBRE CONCENTRATIONS IN THE ROCHDALE PLANT.
1933-1971, AS REPORTED BY DIFFERENT AUTHORS

Period to which measurements refer

1933- 1951 1956 1961 1966 1971
1950
Method of measurement
Authorscited  No Arcasamples, thermal  Membrane filter
mecasure- precipitator (TP) or Royco
ments automatic
Normal TP Long- particle
running counter
TP
Peto, Dull et al
(1977) — 10.8 5.3 52 5.4 3.4
Pero (1980) — 324 23.9 12.2 12.7 4.7
Peto, Doll etal
(1985) —  4.5-28.0 4.4-28.0 2.5-20.0 2.5-20.0 2.7-1.5

All comcentrations in fibres/ml

TABLE 32 STUDIES OF MORTALITY OF ROGHDALE ASBESTOS
WORKERS FROM VARIOUS REPORTS

Authors Study group  Noin Toral deaths Deaths from:
group
studied Lung cancer Meso-
thelioma
Obs. SMR Obs. SMR Obs.
Doll (1955) Employed 113 39 253 11 1375 —
before 1933
Peto (1980)  First 679 239 113 40 172 7
employed E .
1933-62
Peto,Doll  First 21113 14 132 1311
eral (1985)  employed
1933-74

No SMR is given for mesathelioma because it is a rare cause of death amumg people
not exposed to asbestos (1/10,000).
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consistent correlation between results from a long-running
thermal precipitator and a membrane filter sampler working
side by side. Indeed™In one trial the correlation was negative.
It must also be noted that the changes in the use of membrane
filters, ending up with assessment using the eye-piece graticule,
in effect made the asbestos standard five times more stringent
since dust concentrations recorded as 1 fibre/ml in 1965 (static
sampling) would now be assessed as about 5 fibres/ml (sampling
by personal sampler). Thus even when dust measurements are
available for many years past, the dose that each worker
received remains in considerable doubt, even without raking
retention and elimination into account.

ASSESSMENT OF RESPONSE
Assessment of response is no more clear-cut. Responses may
be either fibre-specific (ie asbestosis and mesothelioma) or
non-specific (lung cancer, other cancers, respiratory disease,
etc). Clearly the non-specific can never be attributed
unequivocally to asbestos: taking lung cancer as an example,
even among non-smokers there must be some uncertainty, and
the high incidence of both lung cancer and other respiratory
diseases in this country means that any excess due to asbestos
will be over and above a high, and continually changing,
background level (and in any case its interpretation will be
complicated by the fact that Saracci (1977) has shown that
smoking and lung cancer act synergistically in this conrtext).

Perhaps surprisingly, however, even the fibre-specific
diseases give rise to problems, in their case because there are
no clear-cut criteria for diagnosis. Table 2 compares diagnoses
of asbestosis in 27 workers before and after death (Berry 1981)
and indicates that serious disagreements can occur berween
doctors highly experienced in this field.

Detailed studies of nfesothelioma show that it too may be
either under- or over-diagnosed. Consequently evidence of
excess mortality comes from comparing observed mortality in
an exposed group of workers with that expected on the basis
of national or local death rates. However, as discussed later,
the choice of a control group is critical and can bias the
conclusion. Thus stronger evidence is provided by those studies
which show an increasing excess mortality with increasing
duration and/or intensity of exposure.

In the assessment of excess morbidity the choice of a suitable
comparison group is even more difficult. Smokers in particular
suffer from morning cough, breathlessness and bronchitis, any
of which might be caused by exposure to asbestos. They also
have impaired lung function and changes of X-ray appearance
indistinguishable from those in early fibrosis. For all of these
reasons the most convincing evidence of occupational risk is
the epidemiological demonstration of excess morbidity and
excess mortality among exposed groups of workers, which
increase with increasing fibre dose. - '

SHAPE OF RELATION
A standard is essentially a means of predicting the outcome
of future exposures and to derive this the data on dose and
response must be brought together to form a dose-response
relation — about which these data are the only source of inform-
ation. To describe this relation an infinite variety of curves
can be postulated and some general types are shown in fig. 1.

OCCUPATIONAL HEALTH REVIEW JUNE/JULY 1986



ASBESTOS sSTANDARDS

FIG. I POSSIBLE SHAPES OF THE DOSE-RESPOXNSE

RELATIONSHIP gy ™
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{a) Straight line with no threshold (b) Straight line with threshold
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FIG.2: DOSE-RESPONSE CURVES FOR LUNG CANCER IN NEW
JERSEY ASBESTOS PRODUCTHIN AND MAINTENANCE
WORKERS. QUEBEC MINERS AND MILLERS AND
ROCHDALE WORKERS 20 OR MORE YEARS AFTER FIRST
EMPLOYMENT

1200

1000

Standardised mortality ratio

200
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200 400 600 800

Cumulative dose
(million particles per cubic foor x years)

Frechand lines have been drawn.

A Maintenance-service workers; # production workers;

* Duebec miners and mill workers; 8 Rochdale workers, first employed 1933
or later. .

Dara from Peto, ] et al (1985) (Rochdale workers)
Darta from Acheson, E D and Gardner, M ] (1980) (orher studies)

There is no a priori reason for expecring the relation to have
any particular form, and therefore applying the principle of
“Ockham’s razor” that one should choose the simplest possible
explanation until it can be shown to be inadequare, the first
model is a straight line with no threshold ((a) in fig. 1); should
this prove inadequate the second hypothesis would be a straight
line relation with a threshold ((b) in fig. 1), the basis of the
choice being once again not the certainty of the model being
right but its simplicity and the absence of contrary evidence.
(It was just in this way that Newton chose to state his laws
of motion in the simple way that he did: the observations
available in the 17th century were not precise enough to reveal
any discrepencies. By 1900 more accurate instruments had
detected them, so that Newton's laws had to be replaced by
Einstein's principle of relativity.)

As the data below indicate, for asbestos there is no evidence
of pathological effects at the concentrations required by present
regulations because all workers whose exposure has been
measured over long periods have had much greater total dose.
Also, since the data for higher doses are widely scattered it is
not possible to derive a threshold by extrapolation back to low
dose. This does not mean that there is no threshold, only that
the data are not good enough to detect one. Similarly, the
data are not good enough to differentiate between a straight
line relationship and one with curvature.

INCONSISTENCIES IN AVAILABLE DATA — THE
ROCHDALE STUDIES

These are not the only problems, however, and the series of

studies based on the Rochdale asbestos processing plant high-
lights the difficulties of deriving a relationship. The population
was first studied in 1955 by Sir Richard Doll, and this study
formed the basis of the British Occupational Hygiene Society’s
report in 1968 which led to the 2 fibres/ml UK standard. By
1968 it was generally accepted that some other types of asbes-
tos, at that time notably crocidolite, were much more
dangerous than the type used in greatest quantity, chrysotile
(a difference which had not been appreciated at the time of
the original 1955 study). Consequently the type of fibre that
had been used in the plant was of crucial importance in the
interpretation of the data. In 1955 this had been stated to be
all chrysotile but, as table 3 shows, in subsequent reports it
gradually emerged that this was far from being the case.

The reported fibre concentrations at Rochdale are similarly
inconsistent (table 4). In this instance there are differences
of interpretation of the same samples, even for samples
collected as recently as 1971, and the epidemiological data
although not all relating to the same periods show large differ-
ences between standardised mortality ratios between those
derived by Doll in 1955 and in more recent figures (table 5).
(Simply stated, the standardised mortality ratio or SMR is an
index which is the ratio of the recorded mortality of the group
of interest to the mortality of a reference population of the
same ages and sex, expressed as a percentage: the specification
of an appropriate reference population may however be both
controversial and the determining factor in the statistical
argument.) ;

No doubt the gradual fall in SMR is partly attributable to
the fact that the latter estimates included many workers who
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FIG.3: MORTALITY FROM LUNG CANCER AMONG AMOSITE
INSULATION PRODUCTION WORKERS AGCORDING TO® ©
ESTIMATED CUMULATIVE DOSE OF EXPOSURE TO
ASBESTOS AND DURATION OF EMPLOYMENT

800

Standardised mortality ratio

0
35 70 105 140
Cumulative dose (fibre-years/ml)
0 1 2 3 4

Duration of employment (years)

@® ® individual data points from Seidman er al (1979)
—-- dose-response relationship from Nicholson (1981)
—— dose-response relationship from Liddell (1982)

From Acheson, E D and Gardner, M ] (1983)

had been employed in the works only after conditions began
to improve, but the changing conditions and the huge range
of uncertainty in the estimates of airborne concentrations of
fibres throw into relief the problem of establishing a dose-
response relation.

INCONSISTENCIES IN AVAILABLE DATA —
NORTH AMERICAN STUDIES
The data from North America add to the confusion. Fig. 2
shows straight line dose-response relationships (“response”
being expressed by the SMR for lung cancer) fitted to dara
from asbestos workers doing two types of work in New Jersey,
and for Quebec miners and mill-workers: the data from
Rochdale are also presented. The four lines shown can be
extrapolated back to SMR = 100 at zero dose, thus providing
no evidence against the hypothesis that there is no threshold.
The slopes are however quite different in each instance, and
any standard derived will depend on the study chosen. But it
should be noted that in any event the standards based on the
American and Rochdale data need not be comparable because
the sampling in the US was by midget impinger and (as
mentioned above) the data derived could not be related simply
to that based on use of the thermal precipitator in the UK at

~ that time. An important feature of all firm lines is that they

are based on studies ip which the lowest cumulative dose group
with an SMR definitely greater than 100 was equivalent to
about 5 fibres/ml for 40 years. These results can rtell us very
little about the existence of a threshold or about the risk of
death at the very low concentrations now set as standard.

Even greater problems arise in considering the lung cancer
relations for amosite insulation workers (fig. 3) (Seidman et
al, 1979) and the South Carclina textile workers (fig. 4)
(Demont er al, 1982). The figures show the relations fitted
by Liddell and Hanley (1985) and by Nicholson (1981). Liddell
used straight lines without constraining them to an SMR of
100 for zero exposure, whereas Nicholson did impose this
condition. The interpretations are very different with the
Nicholson analysis suggesting that straight lines are not approp-
riate and Liddell predicting excess lung cancer mortality even
in the absence of exposure. The latter is more likely to be
“correct” as local death rates were not used to calculate
expected mortality. In the Seidman et al study, causes of death
were also investigated, and changed if incorrect, but expected
numbers of deaths could not similarly be corrected, leading to
a further bias in the SMRs.

It is no wonder that the National Academy of Sciences Risk
Assessment Committee (1953) said that “The’ dominant
analytical difficulty is pervasive uncertainty”.

MESOTHELIOMA
The discussion above relates to lung cancer. In the case of
mesothelioma the association with crocidolite rather than
chrysotile is rather more clear-cut (Acheson et al, 1982;

table 6).

TABLE 6: MORTALITY AMOKG WOMEN WHO HAD ENGAGED IN
THE MANUFACTURE OF GAS MASKS CONTAINING
CGROCIDOLITE OR CHRYSOTILE

Exposure o
Crocidolite Chrysatile
No. of women 757 570
Total deaths 219 177
Lung cancer deaths 13 6
Mesothelioma deaths 5 1
SMR, lung cancer 209 124

Exposure mainly 1936-45; died 1951-1980.

- CONCLUSION
Despite the conflicting data cited above it is still possible to
summarise the points on which there is a general consensus

of opinion:

(1) ° the risk of asbestosis is effectively nil at today's
standards;

(2) the evidence in relation to gastro-intestinal cancers

is not strong, but it appears to be more strongly
associated with crocidolite and amosite;
and the following points from the excellent and comprehensive
report of the Royal Commission in Ontario (1984):

(3) there is strong evidence that crocidolite and amosite
fibres tend to be more hazardous than chrysotile fibres;
(4) “we cannot condone any manufacturing activity that

involves the use of crocidolite or amosite”;
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FIG. 4: MORTALITY FROM LUNG CANCER AMOXNG CHRYSOTILE
TEXNTILE PRODUCTION WORKERS ACCORDING TO -
ESTIMATED CUMULATIVE DOSE OF EXPOSURE TO® ~
ASBESTOS

Standardised mortality ratio
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Cumularive dose (fibre-years/ml)
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®® individual data points from Dement er al (1982)

~== dose-response relationship from Nicholson (1981)

—— dose-response relationship due to Liddell from McDonald et al
(unpublished)

From Acheson, E D and Gardner, M ] (1983)

the risk associated with mining, milling and general
manufacture can be kept within acceprable limits by
adopting a standard of concentrations less than 1
fibre/ml;
in textile manufacture the standard should be 0.04
fibres/ml;
among workers who have handled only chrysorile,
mesothelioma has rarely been recorded;
among workers who have handled amphibole asbestos
(which includes both crocidolite and amosite) there
can be an appreciable mortality rate from meso-
thelioma;
only amphiboles are associated with the causing of
peritoneal mesothelioma.

To these comments it might be added that out of more than
100 cases of mesothelioma investigated not one was recorded

to have less than 10,000,000 asbestos fibres in the lungs.

(3)

(6)

(7

(8)

)
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MAN-MADE MINERAL
FIBRES: QUANTIFYING
HAZARDS

In 1972 two papers, by Stanton and Wrench and by Pott and
Friedrichs, were published describing experiments in which
man-made mineral fibres (MMMEF) had been implanted intra-
pleurally inrats. In both instances mesothelioma had resulted, and
this was taken as implying that there might be a long-term health
hazard to workers handling these fibres. It was therefore of crucial
importance to the MMMF -producing industry to ascertain whether
o7 not trus nazard was real, and if so to assess how semous It was.
Unul then amimal experiments had provided no evidence of MMMF
mducing fibrosis, lung cancer or mesothelioma and there had been
only very occastonal and equivocal case reports of fibrosis in humans.

Subsequent animal inhalation experiments showed no
evidence sufficient to cause much concern about human
hazard. Nevertheless, the impact of the intra-pleural implan-
tation studies led the trade associations of the MMMF-
producing industry in the USA and in Western Europe to
sponsor epidemiological and environmental research to assess
the evidence of excess mortality and morbidity among MMMF
production workers. The results of the mortality studies are
discussed in this article.

PRODUCTION AND CHARACTERISTICS OF MMMF
MMMF have been made commercially for many years; Saracci
et al (in the paper cited below) state that the plants that were
the basis of their study started production berween 1900 and
1955. The salient features of the production process may be
classified simply as follows (reproduced from McDonald, 1984):

Continuous Wools Fine
filaments fibres
Made from glass glass, rock, glass
slag
Fibre diameter, um 3.5-9.5 1.0-15.0 0.05-1.0
Uses textiles, insulation  filters, papers
reinforcement et

Rock or slag wool for insulation has an optical diameter of
4-6pm but much finer fibres are also produced.

EXPOSURE-RESPONSE METHODOLOGY

The general problems of deriving exposure-response relations
for workers exposed to possibly harmful materials were discussed
in an earlier article (OHR 1) in relation to the current asbestos
standards. Naturally the same considerations apply to MMMF.
Moreover since asbestos fibres and MMMF are similar in shape
and to some extent in size many of the specific problems are
similar also: the only practical measure of exposure is in both
instances the concentration ot airborne dust in the environ-
ment at the workplace, which is as near to the “biologicallv
active dose” as we can get: and for MMMF. as for asbestos.
methods of measurement have changed in the past and those
for MMMF will probably soon change again with the introduc-
tion of a mass standard. As with asbestos, both fibre-specific
and non-specific responses are concerned. Interest in the
problem of MMMF started from the suggestion that there is a
general response to mineral fibres; the hypothesis to be tested,
therefore, is that MMMF is similar to asbestos in its effects on
the lung. The existence of a fibre-specific pulmonary fibrosis
(pneumoconiosis) analogous to asbestosis and ateributable to
MMMF has however yet to be proven (and pneumoconiosis
can be caused by non-fibrous dusts, as for example by silica)
and the other fibre-specific response to asbestos, mesothelioma,
was found in only one worker in the extensive studies described
below. The problem of quantifving the hazards associated with
work with MMMF therefore reduces to that of estimating the
increased mortality (and, if non-fatal diseases are identified,
the morbidity also, but this is not discussed in this paper) from
pulmonary diseases among workers and former workers in the
industry.

STUDIES OF MORTALITY
There have been two major studies of mortality in the MMMF
production industry, one in the USA and one in Europe. They
were very similar in design: in each case the study covered
several plants, idenrifying the workers who had worked in the
industry many vears previously and comparing the number who
had died with the numbers expected. For each study environ-
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TABLE 1: TERMS USED TO DESCRIBE MMMF PRODUCTS

European nomenclature US nomenclature
Glass wool distinct products, but in US

Continuous both classed as .............  Fibrous glass
filament

Rock wool .oovviieeiannnnn (PP P — Mineral wool

TABLE 2: OBSERVED AND EXPECTED NUMBERS OF DEATHS FROM
RESPIRATORY CANCER* BY YEARS SINCE FIRST EXPOSURE AND

TYPE OF FIBRE
American Study European Study**
Fibrous Mineral Glass Continuous  Rock
glass wool wool filament wool
Yearssince

firstexpasure Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp.
10-19 72 76 15 9 34 30 6 8 30 125
20-29 38 3% 16 11 29 29 0 2 22 18
30+ 47 36 14 8 17 12 0 o0 12 7

* Under this headmg the European study mcludes only cancers of the rachea, bronchus and
hing. whereus the Amenican study takes mio account other cancers of the vespiratory act
us well

" Stmomato et al, 1986.

TABLE 3: OBSERVED AND EXPECTED NUMBERS OF DEATHS FROM NON-
MALIGNANT RESPIRATORY DISEASE® BY YEARS SINCE FIRST

EXPOSURE AND TYPE OF FIBRE
American Study European Study**
Fibrous Mineral Glass Conunuous  Rock
plass wool wool filament wool
Years since

firstexposure Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp.
10-19 44 37 6 4 30 33 7 8 18 26
20-29 60 43 7 5 15 18 1 2 9 11
304 25 20 8 5 3 5 2 111 8

® The Amenican study excludes mfluenza and pneumonia from this category.
©° Savaco et al, 1984

mental surveys were carried out at most plants so that individual
estimates of dose could be made. Expected numbers of deaths
were calculated overall and by cause of death, the groups
studied being subdivided by exposure and by years since first
exposure to MMMF. There were however slight differences
between the diseases included in the studies (see footnotes to
tables 2 and 3) and berween the terms used to describe the
fibre produced in North America and Europe (summarized in

table 1).

The American study

The American study (Enterline and Marsh, 1984) was started
in 1974 and the 17 plants involved were among the oldest
and largest then in operation: they represented the bulk of
MMMF production in the USA berween 1940 and 1952. The
group studies included all men who had worked in production
or maintenance for at least one year during the period 1945-63.
Those who had worked with fine fibres (nominal diameter <
1.5um) were of special interest and were therefore included
if they had worked for at least six months. Environmental
surveys were made in 16 of the 17 plants (Esmen et al, 1979)
and for purposes of estimating dose respirable fibres were
defined as those of diameter less than 3um, as measured by
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optical microscope. @n the basis of information about changes
of fibre size, ventilation, housekeeping and working practices
it was generally assumed that exposure levels had been similar
in the past. To calculate the doses to individuals the fibre
concentrations at each job and each time were summed over
the length of time it took to do the job. The average exposure
levels were 0.04 fibres/ml in the 11 fibrous glass plants and
0.35 fibres/ml in the six mineral wool plants. The highest
average exposure was 1.5 fibres/ml.

In all 14,884 fibrous glass workers and 1846 mineral wool
workers were included in the study, and for only 336 of them
(2.0%) was it not known whether or not they were still alive.
3761 were known to have died, death certificates being avail-
able for 3653 (97.1%). The expected numbers of deaths were
calculated from the death rates in the US white male popula-
tion as a whole, without correcting either for regional varia-
tions in mortality or for the fact that a few (2%) of the popu-
lation studied were not “white”. Data relating to fibrous glass
workers and to mineral wool workers were analysed separately.

American study: fibrous glass workers

There was a slight, though significant, deficiency of deaths
overall (observed 3262, expected 3391) but neither the study
population as a whole nor any sub-group of it showed evidence
of there being more or fewer cancers than expected. For
rgspiratory diseases other than cancers a significant deficiency
of-deaths due to influenza and pneumonia was offset by an
equal excess of deaths from other respiratory diseases.

There was no evidence that respiratory cancer was related
either to cumulative fibre exposure or to duration of exposure
to fibres, but those first employed in the MMMF industry 30
or more years previously had a higher respiratory cancer death
rate (table 2). The excess of non-malignant lung disease (other
than influenza and pneumonia) seems to be unrelated to
cumulative exposure, to duration of exposure or (see table 3)
to years since first exposure.

American study: mineral wool workers

For mineral wool plants the pattern appears rather different.
Total mortality (observed 499, expected 468), respiratory
cancer mortality and respiratory disease mortality were all
raised, and in the case of respiratory cancer the excess was
statistically significant. However the six mineral wool plants
include the most westerly and the most southerly of all these
studies and the higher death rates may reflect regional differ-
ences. Neither respiratory cancer nor non-malignant
respiratory disease excluding influenza and pneumonia showed
a clear relation with fibre exposure, with duration of exposure,
or (see tables 2 and 3) with years since first exposure.

The European study

Although the European study (Saracci et al, 1984; Simonato
et al, 1986) seems very similar to the American one its effective
coverage was more limited, because of difficulties in obtaining
the required information. These were of various types. Thus
in some countries it proved difficult to obtain death certificates
and some factories had to be excluded because the records
were inadequate or because asbestos had also been processed

there. As a result, out of 72 MMMF plants in 15 countries
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* The Amenican study excludes mfluenza and pneumonia from this category. than influenza and pneumonia) seems to be unrelated to
** Swacci et al. 1984 cumulative exposure, to duration of exposure or (see table 3)

to years since first exposure.

mental surveys were carried out at most plants so that individual

estimates of dose could be made. Expected numbers of deaths American study: mineral wool workers

were calculated overall and by cause of death, the groups For mineral wool plants the pattern appears rather different.
studied being subdivided by exposure and by years since first Total mortality (observed 499, expected 468), respiratory
exposure to MMMF. There were however slight differences cancer mortality and respiratory disease mortality were all
berween the diseases included in the studies (see footnotes to  raised, and in the case of respiratory cancer the excess was
tables 2 and 3) and berween the terms used to describe the staristically significant. However the six mineral wool plants
fibre produced in North America and Europe (summarized in include the most westerly and the most southerly of all these

table 1). studies and the higher death rates may reflect regional differ-
ences. Neither respiratory cancer nor non-malignant
The American study respiratory disease excluding influenza and pneumonia showed

The American study (Enterline and Marsh 1984) was started  a clear relation with fibre exposure, with duration of exposure,
in 1974 and the 17 plants involved were among the oldest or (see tables 2 and 3) with years since first exposure.

and largest then in operation: they represented the bulk of

MMMF production in the USA berween 1940 and 1952. The The European study

group studies included all men who had worked in production ~ Although the European study (Saracci et al, 1984; Simonato
or maintenance for at least one year during the period 1945-63. et al, 1986) seems very similar to the American one its effective
Those who had worked with fine fibres (nominal diameter < coverage was more limited, because of difficulties in obraining
1.5um) were of special interest and were therefore included the required information. These were of various types. Thus
if they had worked for at least six months. Environmental in some countries it proved difficult to obtain death certificates
surveys were made in 16 of the 17 plants (Esmen et al, 1979) and some factories had to be excluded because the records
and for purposes of estimating dose respirable fibres were were inadequate or because asbestos had also been processed
defined as those of diameter less than 3um, as measured by there. As a result, out of 72 MMMF plants in 15 countries
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only 13 in seven countries were regarded as acceprable for the
study (four glass wool, two continuous glass filament and seven
rock wool). For the statistical analvsis expected deaths were
calculated from national death rates. 2719 (12.4%) of the
21,967 people in the study population were known to have
died by 1982. The expected number of deaths was 2457. but
tor reasons unknown there was a large number of accidental
and violent deaths among workers exposed for less than one
year.

Environmental studies were made at 12 of the 13 plants
(Ottery et al, 1984). Respirable fibres were defined as loneer
than 5um, finer than 3um and with an aspect ratio of at least
3. The average concentration of respirable fibres was 0.02
fibres/ml for glass wool, 0.006 fibres/ml for continuous filament
and 0.04 fibres/ml for rock wool. The highest concentration
measured was 1.89 fibres/ml. There is however recent evidence
that fibre counts should be multiplied by two or three (Gilson.
personal communication).

During 1983 and 1984, the research team visited the 13
factories again and classified the production processes into
three technological phases in each factorv: “earlv”. when no
dust suppressing agent was used and/or there was a batch process
involving labour intensive and hand-operated production:
“intermediate™; and “late” when oil and resin binders were in
use with modern mechanised production methods.

European study: mortality

The observed numbers of deaths exceeded the expected bv
about 10% independent of time since first exposure to MMMF.
However, the lung cancer pattern was rather different with a
marked excess among those first exposed at least 30 vears
earlier (observed deaths 29, expected 19).

Table 2 shows that among those first exposed at least 30
years ago in both glass wool and rock wool production there
were five more iung cancer deatns than expected tor people
ot the same age and living in the same locality. There were
so few people who had worked that long in continuous filament
production that only 0.3 deaths were expected and none
observed.

Analysis by technological phase for those first exposed 30
or more years ago yields the following: early phase — observed
deaths 21, expected 15; intermediate — observed 46, expected
36; and late — observed 13, expected 15.

The results in table 3 on mortality from non-malignant
respiratory diseases are taken from Saracci et al (1984) with
follow up to 1977 only as the later report considered total
mortality and lung cancer only. There is no apparent associa-
tion of mortality with type of MMMF or with vears since first
exposure. Similar analvses also showed no relation with dura-
tion of exposure.

Mesothelioma: American and European studies

The only case of mesothelioma in either study had been
employed in a European rock wool plant for 92 days, some 11
years before his death. This case cannot be attributed causally
to exposure to MMMF.

Other mortality studies
McDonald (1984) has reviewed various other mortality studies.

Those published befere the WHO conference on the effects
of MMMF (held in 1982 and reported in 1984) constantlv
failed to provide evidence of excess respiratorv cancer or of
non-malignant respiratorv disease. even for those first
emploved 30 or more vears previouslv. In clear contrast to
these results. however. both of the other studies of production
workers reported at the WHO conference (Morean et al. 1984:
Shannon et al. 1984) vielded excess deaths from lune cancer
(combined observed 44. expected 32).

Engholm et al. (1984) reported preliminarv findines on the
incidence of respiratorv cancer amone Swedish construction
workers exposed to MMMF. Dust exposure during construction
is probablv several times higher than in production. In their
complete follow-up studv 286 respiratorv cancers occurred
compared with 290 expected. From a case-control studv
attempting to allow for possible exposure to asbestos. the
authors conclude that there is an association with heavy expo-
sure to MMMF (relative risk. 3.18) but not with heavv expo-
sure to asbestos (relative risk. 0.75).

DISCUSSION

The two maior studies in America and Europe are amonest
the largest epidemiological studies ever undertaken in occuna-
tional health. Even so the American studv is too small to
detect less than about a 30% extra respiratorv cancer risk
amoneg those first emploved 30 or more vears aco. The European
strdy is even less powerful because relativelv few of those
studied had worked in the industrv before the late 1940s.

Combining all information from both studies gives a highlv
significant excess of respiratorv cancer among those with 30
or more vears since first exposure (observed deaths. 90.
expected, 63). These fizures compare with 157 observed deaths
and 148 expected for those first exposed 10-19 vears previouslv
and with 105 observed and 99 expected for the intermediare
group. ;

In view ot the verv low concentrations of airborne MMME.
this excess cannot be reconciled with expectation based. tor
example, on results from Quebec chrvsotile asbestos miners it
one assumes the excess to be causallv reiated to nibre exposure
only. On that assumption, MMMF are more hazardous than
asbestos at its worst. Yet the animal inhalation experiments.
the slight evidence of hazard among che Swedish construction
workers and the existence of onlv one mesothelioma case in
some 700,000 person vears of observation all argue that MMMF
do not approach the hazard of asbestos. This areument is also
supported by the lack of anv association of lung cancer mortalitv
with fibre concentration.

Hence the assumption that the excess lung cancers are caused
bv MMMF onlv must be modified or reiected. The latest
analvsis of the European studies taking into account technoloe-
ical phase demonstrates that the excess 1s associated with the
earlier phases only. Details of dust levels and of possible expo-
sure to other toxic substances. such as bitumen, in earlv use
as binders, are not vet available. It must be hoped that this
information will be presented ar the next WHO conference
on MMMF in Ocrober this vear.

These major studies have concentrated on the MMMF
production industry. Clearly it is also essential to undertake
good epidemiological studies in the MMMF-user industry,
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where exposure to fibre is likely to have been at highér*levels,
to permit better exploration of putative dose-response rela-
tions.
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TUC Centenary Institute of Occupational Health

Study DéSign and Analysis

[l

PRINCIPLES OF MEASUREMENT

Purpose of lecture:

To introduce some principles of measurement by example. There are no
fixed rules, so the lecture is intended to provide food for thought.

Primary aim of measurement:

The main aim is to permit estimation of dose-response relations. For
occupational health, this requires measurements of person, occupation

and exposure. The detail required depends entirely on the questions
being studied.

Measurement of person

Mortality information is often obtained directly from OPCS death
certificates although case-finding studies can effectively be used for
small studies. A major advantage of mortality as.an index of response
is that only the identity of those in the study group need be known.

Morbidity assessments by contrast require cooperation of each worker.
However, much more information is obtainable by questionnaire, chest
x-ray, lung function testing and so on. Thus morbidity data may give

much more sensitive measures of response to hazard than do mortality
data.

Deseriptive information must also be collected. Basic data such as
date of birth and sex can be obtained from personnel records. Other
details must also be provided by the. workers, mainly by questionnaire.
The importance of standardized techniques can not be over-emphasized.



Measurement of occupation

Personnel records should provide the most reliable information, but
often the detail is inadequate and past records are not kept. Medical
records are generally too unreliable. Personal questionnaires can
yield more detailed occupational histories but care needs to be taken
to ensure that they are complete.

The amount of detail required depends on how much information is or

will be available about exposure.

Measurement of exposure

The simplest measure of exposure is occupation, but there should also

be some index of duration of employment. Ideally, the biologically
effective dose should be measured taking into account exposure, retention,
elimination, latency, etc. Practically, only exposure levels can be
estimated and retrospectively it is usually only possible to guess past

exposure levels based on sparse information.

Environmental sampling techniques depend on
what substance is being measured;

which component is relevant;

whether the effects are short-term or long-term;
whether average or peak exposures are critical.

In determining cumulative exposure, decisions on how to combine duration
of exposure with concentration need to be taken.

Confounding factors, such as previous occupation and atopic status, may
need to be considered.

Biological monitoring may be the required method of determining exposure
(HSE regulations) or the only effective method of measuring response
(deep-sea divers). Occasionally biological monitoring may measure dose
better than any existing environmental sampling methods.

CER/SLB
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INTRODUCTION TO STATISTICS.

Purpose of lectures

Role

To introduce statistical principles, the ideas underlying
statistical reasoning, the basis of significance tests, the
types of result produced and the interpretation of such
results.

of statistics "

The practice of occupational health includes the comparison
of sets of results or of an observation with previous
results. Statistics provides a set of tools which may be
used to aid evaluation not only of clinical and research
observations, but also of published reports. When there is
no doubt about the interpretation of an observation, these
tools are not of use. But whenever there is doubt,
statistics has a part to play. It is the science of dealing
with variation so as to obtain summary results and to
express confidence in these results.

Statistics and the 'Scientific Method'

The four main stages of the s€ientific method are
Observation, New Hypothesis, Prediction and Verification.
Often the verification is the observation for a further
cycle. Although statistics is of use in all stages, it is
particularly important in the second and féurth. We assume
that the new hypothesis is set up to be knocked down (the
Null Hypothesis) and then in the fourth stage we ask:

Do the results (verification) disagree with
prediction from the Null Hypothesis?

There will always be some discrepancy, simply because of
chance circumstances. The appropriate statistical technique
answers the question: '

Is the discrepancy between result and prediction
reasonably attributable to chance?

If yes, then the Null Hypothesis is not contradicted. 1If
no, the Null Hypothesis has been knocked down.

Estimation of the size of an effect

Typically, the end-point of a statistical analysis is the
calculation of an estimate of the size of an effect (for
example, the increase in mortality among an occupational
group or the reduction in airborne concentration of a
solvent vapour). The value of this estimate is not very
informative without some indication of its accuracy. Thus



an effect should be described in terms of the estimate and
its confidence interval, that is the range of values which
is likely to contain the true value of the effect. If this
confidence interval does not include the no-effect value
predicted by the Null Hypothesis, then 'the results disagree
with prediction' and the 'discrepancy between result and
prediction cannot reasonably be attributed to chance'. If
the confidence interval does include the no-effect value,
then chance is a reasonable explanation for any discrepancy.

REMINDER: Statistical methods are tools to provide summary results

Probability

It is not possible to provide a confidence interval which
certainly includes the true value of an effect (except by
taking all possible values). Statistical techniques cannot
give a Yes/No answer. Instead they provide a value, the
probability, that the discrepancy is attributable to chance,
assuming the Null Hypothesis to be true. This probability,
P, varies between 0 (no chance) and 1 (certainty).
Tradition, but tradition alone, dictates that the Yes/No
dividing line is taken at 0.05 (5% probability). The term
statistically significant is just shorthand for

If the Null Hypothesis is true, the discrepancy
between result and prediction is so large that the

probability of the occurrence of this discrepancy
(or larger) is less than 5%.

'Statistically significant' is the same as 'the confidence
interval does not include-the no-effect value'.

REMINDER: Statistical methods are tools to aid evaluation

Six cautions

1. Statistical significance does not confirm the
reliability of a study.

2o The  significance level (dividing line) should be
stated.

s Statistical significance need not imply practical
significgance.

4. Statistical significance is evidence, but not

proof, that a real effect exists.

5w Absence of statistical significance is not proof
(nor even evidence) that no real effect exists.

6. Statistical significance tells nothing about the
nature of an association.

-
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Occupational Epidemiology

Epidemiology is concerned with patterns of disease

occurrence and the factors which influence these patterns.

PU.I'QOSES

To elucidate the aetiology of a specific disease, using

epidemiological data and information from other disciplines.

To evaluate the consistency of epidemiological data with
existing aetiological concepts.

To provide the framework for developing and evaluating

prevention procedures and public health practice.

Occupational epidemiology is an observational discipline
(primarily). Groups of individuals are observed to discover the
health status of the group and to relate this health status to

prior occupational and environmental conditions.

Observation of an association between 'cause' and 'effect'
does not prove that the 'cause' did cause the 'effect'. Much

other information is required before causality can be inferred.



¥ E(ms,m. Slesry

7

- da (D dnin ; 1 .
Cp acwalos iy cacocmed (a4l

wonr _J

.'o-j-'k'- ‘n% ¢O Do b STl (
r e i ) £ [ian e RACUR OlCuirenc e
- H."'r\{-‘ - J,_':.: ;Ili_\l_\-l: PL\'J-:‘"’I"'S
L‘[-"ln“ v) ‘
T 3 ) . : g
F e we j2rgdie ﬁ'--(_‘g--‘]‘ TS it (oo, oo A7 ¢ F
Y oy op3 ety P hly e AnRa J-' anl

(gtx-‘.ﬁ . ’ rk’j""\

e /.-’L -(.’L./I €4 ;Fj.k "Jf-l" ae ty de ": Ly ? {.
(‘N‘:iéﬂnlim)

( .P-J.'\\Qiu.‘.\ ]

L esnr bennedy

r' m‘“-St'k“-'-“"\

D) Lo Lyelireds {0

b=y ‘\QA .}

! i L nmrv\ﬁ‘rl.a 1{-‘ & 327 (} r

'ijﬂmm? .

E-;)'\ .T"?-“” (.'-?t-j'\? iy CL'Mh rlu'f

I{‘ (y +iep (,grtn.-rma.-\

f[). ffl‘Ml‘.L bad i { caprain

I '
!\w Ll \_;rr\_r\r.j?\‘l Ed
I

Gonpg

!

Incliefive - —

o4 l':"/"-

)

& i i
o Al s He (\.Jr,:.ﬁ-ﬂ-’.ﬂ a1
L T I o
A £ 4 .
=i, ) P D L |
g B o o | -
i A
= \:f‘- g / “i fo -‘_,r

i
""*4"'.‘{{ !f_'.- (-!l‘ :-P 4 le..n i

af, - ;
Moy, ) Jm-.,-u i

1,

) .

{ - P &quns

bl.r, :/‘

‘f llll' -~ N |
ol v ) Y-

" ~aly A

B . = ’\‘f--*. -
= Pden, V) §52 /3 B e

C

ﬂ:.:ﬁ # of .7‘ - f Al
( r&-' M{\-,'_\\

/

£ el ag

|

B e

it dYere

Aty

r‘. rf e {ﬁoiﬂ -

( [" R_W\\-H-t-.('a\ b

o x r'. ;“ wo

o>

"'_7‘ )

(g

Lo
