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Preface

The present document is a co-production of the Dutch Expert
Committee for Occupational Standards and the Nordic Group for
Documentation of Occupational Exposure Timic.

In 1988 the groups signed an agreement to write joint scientific
criteria documents which could be used by the regulatory
authoroties in both the Netherlands and in the Nordic Countries.
The draft document, prepared by the Dutch group, has been
reviewed by both committees.

Contrary to the Dutch documents, in the documents of the Nordic
Group a Health Based Recommended Occupational Exposure Limit is
not established. Therefore Chapter 9 in the Nordic version
differs from the corresponding chapter in this document.

*

DEC and MEG Basis for an Occupational Health Standard 7/8-Carbon
chain aliphatic monoketones.
A.A.E. Wibowo, Arbete och Hàisa 1990 2 , pp 1 - 44.
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NEDERLANDSTAUGE SAMENVATflNG

Alifaüsche monoketonen
(2-heptanon, 3-heptanon, ethylamy&eton en methylisoarnylketon)

1. fysische en chemisthe eigenschappen

2-Heptanon (MAK) is een vloeistof met een lage vluthfigheidsgraad en een
scherpe fruitige geur. De reukgrens in lutht ligt bij ongeveer 0,02 ppm (0,1
mg/rn3). 3Heptanon (EBK) is een heldere vloeistof met een sterke fruitige geur.
Ethylamylketon tEAK) is een kleurloze vloeistof met een lage vluchtigheidsgraad
met een geur vergelijkbaar met die van het extract van abrikozen en peren. De
reukgrens ligt bij ongeveer 6 ppm (32 mg/rn3). Methylisoamylketon (MIAK) is een
heldere, kleurloze vloeistof met scherpe maar aangenaam zoetige geur. De
reukgrens ligt bij ongeveer 0,01 ppm (0,06 mg/rn3).

De fysische en chemische eigensthappen alsook de omrekeningsfadoren zijn
beschreven in Tabel 1.

2. Monitoring

Voor wat betreft omgvingsmonitoring van MAK, EBK en EAK wordt verwezen
naar de methode van N1OSH (1977). Een methode voor MIAK wordt niet
beschreven.

De analyse verloopt via een gaschrornatograflsche methode. De predsie fCVT) voor
MAK is 0,066 bij een spreiding van 200 tot 925 mg/rn3, voor EBK 0,0864 bij een
spreiding van 100 tot 460 mg/rn3 en voor EAK 0,010 bij een spreiding van 60 tot
270 mg/rn3.

Er zijn geen gegevens voor de toepassing van biologische monitoring voor deze
stoffen.

3. Grenswaarden

MAC-waarden in Nederland:

2-Heptanon (1986) 465 mg/rn3 (100 ppm) tgg-8 uur

3-Heptanon (1986) 230 mg/rn3 ( 50 ppm) tgg-8 uur



Ethylamyilceton (1986) 130 mg/rn3 f 25 ppm) tgg-8 uur

Methylisoamylketon (1986) 205 mg/rn3 ( 50 ppm) tgg-8 uur

4. Toxicokinetiek

Deze stoffen worden geatht gemakkelijk in de longen opgenomen te worden.

De mate van retenUe en absorptie is helaas onbekend, maar gezien de hoge graad

van oplosbaarheid in water acht men de fracfionele absorptie erg hoog. Er zijn

geen gegevens over de distributie in het lichaam van de mens; proefdiergegevens

wezen aan dat de hoogste concentraties in de lever aangefroffen worden, gevolgd

door de nieren, pancreas en de longen. Na de opname worden de ketonen intact

uitgescheiden via uitademingslucht, gereduceerd tot secondaire alcoholen, of

geoxideerd tot hydroxyketonen, diketonen en carbondioxide via verscbillende

metabole wegen.

5. Effecten

In bet algemeen kan men twee soorten effecten onderscheiden: locale effecten

zoals frritatie van de bovenste luchtwegen en de systendsche effecten.

Voor de locale effecten bij de mens zijn er geen gegevens beschikbaar, Uit

dierexperimentele gegevens blijkt dat de RD van MAX kleiner is dan die van

MIAK, wat betekent dat MAK een hogere potentie voor frritatie heeft dan MIAK.

Uit de gegevens van systemische effecten komt naar voren dat de doelorganen

bet zenuwstelsel, de lever en de nieren zijn. De niet nadelige effect concentratie

(NAEL) van MAK op het centraal zenuwstelsel van proefdieren ligt ongeveer bij

1000 ppm (4660 mg/rn3) bij blootsteffing via de lucht gedwende een aantal

maanden. Anderzijds blijkt EBK meer newotoxisch te zijn dan MAX, de NAEL

bij raften ligt bij ongeveer 700 ppm (3262 mg/rn3) bij een blootstellingsduur van

24 weken. MIAK heeft ongeveer dezelfde neurotoxidteit als MAK, de geschatte

minimale nadelige effect concentratie fMAEL) bij ratten ligt bij ongeveer 1000 ppm

(4660 mg/m3) bij blootstelling gedurende 6 u/d, 5d/w, 2 weken.

Er is een verschll in de toxidteit van MAX op de lever en de nieren, die

athankelijk blijkt te zijn van de methode van opname. Bij orale opname wordt de

NAEL geschat op 20 mg/kg/d gedurende 13 weken bij ratten, met als effect een
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toename van orgaangewitht. Anderzijds, blootstelling via inhalaUe aan 466 tot
4660 mg/rn3 bij ratten veroorzaakt geen afwi;ldngen van de microsornale

enzyminducüe van de lever. Ook MIAK heeft een invloed op de lever en de
nieren. De NAEL is geschat op 200 ppm (932 mg/rn3) bij ratten blootgesteld
gedurende 6 u/d, 5 d/w, 90 dagen. Er zijn geen gegevens van effecten op de
lever en de nieren bij blootstelling aan EBK en EAK

6. Advieswaarden

De gezondheidskundig onderbouwde advieswaarde van 2-heptanon (MAK) is

233 mg/rn3 (50 ppm) tgg-8 uur. Deze is gebaseerd op een NAEL van 1000 ppm

(4660 mg/rn3) en een veiligheidsfactor van 20 orn de extrapolatie van

dierexperimentele gegevens naar de werknemers te overbruggen. Deze

concentratie wordt toegepast ter voorkoming van afwijkingen van de lever alsook

van het centraal zenuwstelsel.

De advieswaade voor EBK is 163 rng/m3 (35 ppm) tgg-8 uur. Deze

is gebaseerd op een NAEL van 700 ppm (3262 mg/rn3) en een veiligheidsfactor

van 20. Deze concentratie is gebaseerd op het voorkornen van neurotoxiäteit, Er

zijn geen gegevens beschikbaar over de fecten van EBK op de lever en de

nieren.

De advieswaarde voor ethylamylketon (EAK) is 130 mg/rn3 (25 ppm) tgg-8 uur.

Er zijn geen frecente) toxicologische gegevens over deze stof; hierom wordt

geadviseerd de oude MAC-waarde aan te houden.

De advieswaarde voor methylisoamylketon (MIAK) is 233 mg/rn3 (50 ppm) tgg-8

uur. Deze concentratie is gebaseerd op de grote gelijkenis in de toxidteit met

MAK, zowel op het centraal zenuwstelsel alsook op de lever en de nieren;

vandaar dezeffde advieswaarden.

Afgerond 25-1-1990
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1. INTRODUCTION

A ketone is an organic compound containing a carbonyl group

(C0) attached to two carbon atoms. In this document special

attention has been paid on four types of 718-carbon chain aliphatic

mono-ketones:

- 2-Fieptanone (MAK)

- 3-Heptanone (EBK)

- Ethylamylketone (EAK)

— Methylisoamylketone (MIAX)

Only a few data on the toxicology and epidemiology are available

for these compounds. Nevertheless, an attempt will be made to

formulate a health-based recommended occupational limit for these

compounds.

For background material the following reports have been used:

- Krasavage, W.J., J.L. O’Donoghue and G.D. Divicenzo (1982).

In: Patty’s Industrial hygiene and toxicology. 3rd revised

edition, pp. 4709—4800.

- NIOSH Criteria for a recommended standard ... Occupational

exposure to ketones (1978). US Dept. Health, Education and

Welfare. Washington DC.
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2. IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES; MONITORING

2.1. Identity

2-Heptanone (methylarnylketone; MAK) is a liquid of low volati
lity with a penetrating fruity odour. It has an odour threshold 01

about 0.02 ppm (0.1 mg/rn3).

3-Heptanone (ethylbutylketone; EBK) is a clear liquid, with a

strong fruity odour.

Ethylarnylketone (5-methyl—3-heptanone; EAK) is a colourless

liquid of low volatility. It has an agreeable penetrating odour

which resembles the essence of apricots and peaches. The odour
threshold concentration has been reported to be 6 ppm (32 mg/rn3)

and less than 5 ppm (27 mg/rn3).

Methylisoamylketone (MIAK) is a clear, colourless liquid with a

sharp but pleasant, sweet odour. The odour threshold level for

MIAK is 0.01 ppm (0.06 mg/rn3). Its autoignition temperature is

425°C.

2 2 Physical and chemical properties

for physical and chemical properties see Table 1.

2.3. Analytical methods

2.3.1. q2Ii2r’ig

The NIOSH Manual of Analytical Methods (1977) recommended

the following procedures as validated for environmental monitoring

of 2-heptanone, 3-heptanone and ethylamylketone. An analytical

method for methylisoamylketone was not presented.

2-Heptanone

A known volume of air is drawn through a charcoal tube to trap

the organic vapours present. The charcoal in the tube Is trans

ferred into a small, stoppered sample container and the analyte is

desorbed with carbon thsulflde containing 1% methanol. An aliquot

of the desorbed sample is analysed-by gas cliromatograph. This
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method is validated over the range of 200—925 mg/rn3 at an atmos

pheric temperature and pressure of 25°C and 755 mm Hg, using a

nominal 10 1 sample.

The precision (CVT) for the total analytical and sampling

method in the range of 200 to 925 mg/rn3 was 0.066.

anone

The principle of the method is the same as that of 2-heptanone,

For 3-heptanone, this method was validated over the range of

100-460 mg/rn3 at an atmospheric temperature and pressure of 25°C

and 758 mm Hg, using a nominal 10 1 sample. The precision (CVT)
for the total analytical and sampling method in the range of 100 to

460 mg/rn3 was 0.0864.

Ethylamylketone

The principle of the method is the same as that of 2-heptanone.

For Ethylamylketone, this method was validated over the range of

60-270 mg/rn3 at an atmospheric temperature and pressure of 25°C

and 754 mm Hg, using a nominal hO I sample. The precison (CVT)
for the total analytical and sampling method in the range of 60 to

270 mg/rn3 was 0.01043.

2.3.2.

There are no data available on biological monitoring of 2-hepta-

none, 3-heptanone, ethylamylketone and methylisoamylketone. On

the other hand, the following may be true for ketones as a whole.

The ketones of industrial importance are usually volatile liquids

that may enter the organism by inhalation of vapours or through

direct skin contact with the liquid form, They are rapidly elim

inated from the body either unchanged in the urine and expired

air or after biotransformation. The parent compound or its metab

olltes can also be detected in blood.
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3. SOURCES OF EXPOSURE

3.1. Natural occurrence

2-Heptanone occurs naturally in oil of cloves and in Ceylon
cinnamon oil. Verschueren (1983) reported that ethylamylketone is
produced in nature by Streptomyces cinnamoneuslike organisms and
contributes to characteristic odours of actinomyces cultures. No
data are available on the natural occurrence of the other ketones.

3.2. Man-made sources

3.2.1. Production

Several billion pounds of ketones are produced annually for
industrial use in the United States. No data are available on the
production in Europe. Those with the highest production volumes

include acetone, methylethylketone, methylisobutylketone, cyclo

hexanone, 4-hydroxy-4-methyl-2-pentanone, isopliorone, mesityl

ketone and acetophenone (Krasavage et al., 1982). 2-Heptanone,

3-heptanone, ethylamylketone and pethylisoamylketone are probably

produced in smaller amounts.

3.2.2. Uses

Some of the applications of the ketones in the industry are

determined by the solvent properties, rate of evaporation, boiling

point, viscosity and availability. Ketones are used as chemical

intermediates in chemical manufacturing industries; as solvents for

natural and synthetic resins in coating industries, as components

in formulations such as inks, adhesives and dyes, as extraction

agents for lubricating oils, in wax refining and for rare metal

flotation in refining processes (NIOSH, 1978), PartIcularly for

2-heptanone, the NIOSH (1978) reported its use as a solvent in

synthetic resin finishes, particularly for metal roil coating. For

methyilsoamylketone, its use is reported as a solvent for nitro

cellulose, cellulose acetate, and acrylic and vinyl copolymers.
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4. ENVIRONMENTAL LEVELS AND HUMAN EXPOSURES

4,1. Environmental levels

No data are available.

4.2, exosure

The NIOSH (1978) estimated that 67000 workers in the United

States are potentially exposed to 2-’heptanone, and about 19000

workers to methylisoamylketone. An estimate of the number of

workers who are potentially exposed to 3-heptanone and ethylamyl

ketone is not available. No data are available for the populations at

risk in the Netherlands,
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6. TOXICOKINETICS

tion

In the occupational setting the primary routes of exposure to

ketones are inhalation and skin contacts, ingestion is rare (Krasa

vage et al., 1982). No data are available on the degree of absorp

tion in man, but in view of the high solubility in water, the

fractional absorption is estimated to be high.

Lynch et al (1981) exposed male Cynomolgus monkeys to 2-

for 6 h/d, 5d/w, 10 months the compound was detected

both in serum and urine. In exposure of three monkeys to 610

mg/rn3 (= 131 ppm) in air they found a concentration of ND - 7.4

mg/i in the serum. At a level of 4777 mg/rn3 ( 1025 ppm) in air

they found in four monkeys a mean 2-heptanone level in serum of

15,6 ± 6,5 mg/i with a range of 3.5 — 27.2 mg/i. On two control

monkeys the concentration of 2-heptanone in serum was below the

detection limit. In the same publication 6 rats exposed to 610

mg/rn3 ( 131 ppm) for 6 h/d, 5 d/w, 10 months had a mean level

of 11.6 ± 2.9 mg/I 2-heptanone in serum, and exposure of four

rats to 4777 mg/rn3 at the same dui’ation produced a mean level of

27.0 ± 3.6 mg/i 2-heptanone in serum. The serum samples from the

monkeys and the rats were collected 1 hour after termination of

exposure. The concentration of 610 mg/rn3 ( 131 ppm) 2-hep-

tanone 6 h/d in air was selected in order to correspond with the

current NIOSH/OSHA occupational standard of 465 mg/rn3 ( 100

ppm), 8 h/d.

Katz et al. (1980) exposed rats to 700 ppm ( 3262 mg/rn3)

by inhalation weekly for 72 h per week with two 20 h

and two 16 h intervals. These subsequent exposures were per

formed to give animals 8 h non-exposure intervals. The mean

serum concentration of 3-heptanone after 30 exposures (or 7.5

week) was 0.6 mg/i.

In 1986, Katz et al studied the uptake and clearance of

,tone (MIAK) in rat following single oral dose or a single 6

h inhalation exposure, by determining the levels of MIAK in

serum. Peak serum concentrations were observed at 1 h (94 ± 13

mg/mi) after oral administration of 1830 mg/kg and at 4 h (138 ±
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11 mg/mi) during inhalation exposure to 1950 ppm (9087 mg/rn3).
The corresponding elimination half-lives (t+) were 5.3 hours for
the gavage exposure and 0.7 hours for the inhalation exposure.

6.2. Distribution

No data are available on the distribution of ketones in humans.
Lynch et al. (1981) performed tissue distribution studies with

14C-labeled 2-heptanone by both intraperitoneal and respiratory
routes of exposure of rats. The mean air concentration for the 6
hour inhalation exposures was 132 ±. 6.2 ppm (615 ± 29 mg/rn3). At
all time intervals studied (2 - 72 h) and regardless of the route of
administration, the liver had the highest level of radioactivity,
followed, in general, by kidney, pancreas and lung. The tissue
distribution of 2-heptanone did not correspond to any observed
gross or histopathological damage. Suspected target tissues, e.g.
brain, had low levels of radioactivity, and the activity in portions
of sciatic nerves was below the limit of detection at all time inter

vals studied.

6.3. Metabolic transformation and elimination

Generally, when ketones are absorbed into the bloodstream,

they may be eliminated unchanged in the expired air, reduced to

secondary alcohols, or oxidized to hydroxyketones, diketones and

carbon dioxide by a variety of metabolic pathways. Recent studies

indicate that carbonyl reduction, and u-i oxidation, decarboxy

lation and transamination play important roles in the metabolism of

aliphatic ketones. Aliphatic ketones may be conjugated with glucu

Tonic acid, sulfuric acid or glutathione prior to excretion in the

urine. Glucuronic and sulfuric acid conjugation usually occur after

ketone is reduced to a secondary alcohol or oxidized to a carbo

xyi;c acid Of the various con)ugation mechanisms that occur,

glucuronic acid conjugation appears to be the predominant pathway

(Krasavage et al., 1982).

Biotransformation of 2-heptanone. It is reported that 2-hep-

tanone undergoes carbonyl reduction to a secondary alcohol and

u-i oxidation to a hydroxyketone which is further oxidized into
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2,6-heptanedione (Krasavage et al., 1982), Lynch et al. (1981)

studied the excretion of 2—heptanone in rats after a single intra

peritoneal administration of [14C] MAK, The labeled compound was

diluted with unlabeled MAK and mixed with corn-oil to yield a

concentration of 2,5 mg MAK/mi of treatment solution. The ad

ministered dose was 10 mg MAK/kg b,w. Urinary excretion peaked

at 12 h and remained relatively constant through 48 h. About 25%

of the administered dose appeared in the urine within 12 hours,

fecal excretion through 72 hours after dosing represented less

than 2% of the administered dose, Due to the vapour pressure of

the compound, a significant amount of the dosage was probably

eliminated in expired air.

Biotransformation of 3-heptanone. Analysis of the sera of rats

exposed to 3-heptanone revealed the presence of 2-hydroxy-s-

heptanone and 2,5-heptanedione (Krasavage et al., 1982). This

means that 3-heptanone follows a metabolic pathway similar to that

of methyl-n-butylketone (MB K):

c-c-c-c-c-c-c
(3-heptanone),

0 OH

c-c--c-c--c
(2-hydroxy-5-heptanone)

c-c-J-c--c
(2, 5-heptanedione)

Katz et al. (1980) reported on rats exposed to 700 ppm (= 3262

mg/rn3) 3-heptanone in air for 24 weeks produced a mean serum

concentration of 6,8 ± 4.0 mg/i 2,5—heptanethone and 5.4 ± 2,3

mg/l 2-hydroxy-5-heptanone. In an inhalation study, O’Donoghue

et al, (1984) reported rats exposed to 700 ppm (= 3262 mg/rn3)

four times resulted in mean serum 2 ,5-heptanethone levels of 10

mg/i, which is rather simular to that of Katz et al. (1980). On the

other hand, when exposure to 700 ppm 3-heptanone was combined

with exposure to 700 ppm or 1400 ppm methylethylketone (MEK), it
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produced a 2.5 fold increase in the serum concentration of 2,5—
heptanedione.

O’Donoghue et al. (1984) reported the biotransformation of
3-heptanone into 2,5-hexanedione. In a gavage study, they ad
ministered rats at 24 h intervals for 2 days with doses of 1 or 2
g/kg. At 1 g/kg b.w. they found the 48 hour total urine excretion
of 0.42 mg 2,5-hexanethone and 0.86 mg 2,5—heptanedione. At the

dose of 2 gIkg b.w., they found the total urine excretion of 0.40

mg 2,5-hexanedione and 1.74 mg 2,5-heptanedione, Other possible

pathways of excretion are by way of expired air of 3-heptanone

itself or through the digestive tract.

No data are available on the biotransformation and excretion

pathways of ethylamylketone and methyilsoamylketone.

6.4. Biological monitoring

There are no data available.
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7. EFFECTS

7.1. Observation in man

7.1.1. Efresratorys1st_e_rn

The principal hazard associated with exposure to ketone
vapours is irritation of eyes, nose and throat. Many ketones have
excellent warning properties and can be easily detected by the
olfactory sense. Accidental overexposure should be relatively rare
provided the warning properties are not ignored and olfactory
fatigue does not occur. The classic symptoms produced by overex—
posure to ketones include, progressively, irritation of the eyes,
nose, and throat, headache, nausea, vertigo, incoordination,
central nervous system depression, narcosis and cardiorespiratory

failure fKrasavage et al., 1982).

The NIOSH (1978) reported that a number of investigators have

studied the irritating effects of ketones in humans. Most studies

examined the irritating concentration (concentration that caused

irritation in the majority of subjects) on eyes, nose and throat at

exposure to various ketone compcunds, but no experiments using

2-heptanone, 3 -heptanone, methyilsoamylketone or ethylamylketone

were reported. Due to chemical similarities between the compounds,

one must suspect that these compounds also exert similar effects.

7.1.2.

Prockop et al. (1974) reported severe neuropathy in seven men

who repeatedly sniffed a commercially available lacquer thinner for

the euphoric sensation (“high”) it produces. This lacquer was

later analysed as containing 11 organic compounds (Spencer et al.,

1978), One of the compounds was 2-heptanone which was 15.5% of

the composition. The onset in all seven white men aged 17 to 22

years began with weakness in the extremities and numbness that

progressed in an ascending direction. All patients admitted habi

tual “sniffing”. The symptoms, predominantly motor, continued for

three to eight weeks after cessation of inhalation. Extensive

laboratory evaluations were conducted, including analysis of cere

brospinal fluid, electroencephalogram, electrocardiogram, urine
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analysis of heavy metals, tests for viral antigens, lupus erythe—

matosis preparations and electromyography. Results of all studies

were normal except for nerve conduction rates which were less

than 30 meters per second (normal 42 to 55 m.p.s.) and evidence

of acute denervation of varying degrees. The decrease in nerve

conduction r’ates correlates with the severity of clinical involvement

in each case. The difficulties in this report is the multitude of

compounds these cases may be exposed to. Beside of 2-heptanone,

there was also n—hexane (0.5%), toluene (3.9%), xylene f 43.6%)

and 2-nitropropane (5.8%) in the composition.

7.1.3. Other effects

Krasavage et at. (1982) cited a study in which no positive

reactions were reported in a skin sensitization study on 26 human

volunteers, using 2-heptanone at a concentration of 4% in petro—

latum The same may be true of 3-heptanone, when tested on 25

volunteers This compound produced no Irritation to human skin

after 48 h under an occlusive patch in a concentration of 4% in

petrolatum

7.2. Animal experiments

7.2.1. Acute effects

The following acute toxicity data were reported by the NIOSH

Registry of Toxic Effects of Chemical Substances (1977), and sup

plemented with more recent information:

2- Heptanone

Rat oral LD5O 1670 mg/kg

Rat inh. LC1O= 4000 ppm/4 h (18640 mg/rn3)

Mouse oral LD5O= 730 mg/kg -

Rabbit skin LD5O = 13 g/kg

Mouse oral LD5O = 2407 (95% CL 1807—3207) mg/kg (Tann

et at 1986)

3-Heptanone

Rat oral LD5O = 2760 mg/kg

Rat inh. LC1O 2000 ppm/4 li (9320 mg/rn3)
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amIketone

Rat oral LD5O = 3500 mg/kg

Rat mb. LC1O= 3404 ppm/8 h (18570 mg/rn3)
Mouse oral LDSO= 3800 mg/kg

Mouse mb. LC10= 3484 ppm/4 h (18570 mg/rn3)
Guinea pig oral LD5O= 2500 mg/kg

Mety1isoamy1ketone

Rat oral LD5O= 4760 mg/kg

Rat mb, LC1O= 2000 ppm/4 h (9320 mg/rn3)

Mouse oral LD1O= 3200 mg/kg

Rabbit skin LD5O = 10 g/kg

Mouse oral LD5O= 2542 (95% CL 2012—3213) mg/kg (Tanil

et al., 1986)

More recently, De Ceaurriz et a]., (1984) studied the irritation

properties on the upper respiratory airways of none and

ilsmlket2e by measuring the decrease of the respiratory

rate in mice following short-term inhalation exposures.

For 2—heptanone, after inhalation of 535—1225 ppm (2493-5708

mg/rn3) for 15 mm, they found a reduction of 20—63% of the res

piratory rate. The RD50 was 895 with 95% CL of 820—990 ppm (4171

with 95% CL of 3821—4613 mg/rn3).

For methylisoamylketone, after inhalation of 416-1515 ppm (1938-

7060 mg/rn3) for 15 min, they found a reduction of 27-61% of the

respiratory rate. The RD50 was 1222 with 95% CL of 1002-1708 ppm

(5694 with 95% CL of 4669—7959 mg/rn3).

7.2.2.

Lynch et a].. (1981) exposed Cynomolgus monkeys to

none at concentrations of 131 or 1025 ppm (610 mg/rn3 or 4777

mg/rn3) 6 h/d, 5 d/w, for 10 months. Lung function tests were

carried out including those on compliance and resistance, lung

volumes, flow-volume dynamics etc., on all monkeys prior to the

start of exposures and after 6 months exposure. A standard

six-lead ECG-examthation was also conducted on all monkeys at the

same time intervals as the pulmonary function testing. The results
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showed that the dynamic compliance, inspiratory capacity, expira
tory flow maximum at 90% of vital capacity over vital capacity, and
diffusion capacity over total lung capacity all exhibited no signifi
cant differences within or between the control and the two ex
posure groups after six months of 2-heptanone exposure. There
were also no changes in the ECG’s which could be attributed to
2-heptanone From this experiment it may be concluded that on
the assumption 2-heptanone has a negative influence on the cardio
pulmonary system, the no—adverse-effect level (NAEL) of this
compound would then be higher than 4777 mg/rn3 (1025 ppm) 6
h/d, 5 d/w for 10 mo. No data were available on the other
ketones.

7 2 3 Effects on the nervous slstern

A summary of the effects of 2-heptanone, 3—heptanone and

methybsoamylketone on experimental animals is presented in Table

2 There are no data on the effects of ethylamylketone

Analysis on the data of neurotoxicity induced by exposure to

2-heptanone on experimental ammals showed some comparable

results From the experiments using rats, various methods of

administration were used To make comparison between these

experiments accessible, all doses given to the animals were extra

polated into mg on 1 kg bodyweight basis per day. It was assumed

that a 200 g rat has a minute volume of 125 cm3 1mm (CIVO msti

tutes TNO, 1985) when the compound was given by inhalation. No

effects on the neural system were found on rats at doses of:

137 mg/kg/d (—610 mg/rn3, 6 h/d) (Johnson et al.,, 1978)

400 mglkg/d (Misumi and Negano, 1984)

500 mg/kg/d (-0.5% in drinking water) (Spencer et at., 1978)

1075 mg/kg/d ( — 4777 mg/rn3, 6 h/d) (Johnson et al., 1978)

2097 mg/kg ( —6990 mg/rn3, 6—8 h) (Anger et at., 1979),

Consistent effects on the behavior occurred at levels higher than

2202 mg/kg/d ( -7340 mg/rn3, 6 h) were found by Anger et al.

(1979).

For the determination of the no-adverse—effect level the prefer

ence lies for the results from the experiment performed by Johnson

et al. (1978) than that from Angeret al. (1979), because the
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former exposed the animals (rats and monkeys) 6 hId for 9 months

and the latter exposed rats only for 6—8 hours. Therefore it may

be concluded that the NAEL on the neurotoxicity of 2-heptanone on
experimental animal will be in the order of magnitude of 1000 ppm
(4660 mg/rn3) in inhaled air for a period of several months.

from the experiments on rats exposed to 3-lieptanone the same
similarities in results were shown, although at different order of
exposure. The experiment from Homan and Maronpot (1978) on rats

concluded that at 1000 mg/kg/d via drinking water did not show

any sign of neurotoxicity. Katz et al. (1980) reported at 3262

mg/rn3, 72 h/w ( 1258 mg/kg/d) for 24 weeks was non-toxic to

the nervous systems. from the experiments performed by O’Do

noghue et al. (1984) it is estimated that the no—adverse effect

level for neurotoxicity is about 1000 mg/kg/d for 14 weeks by

gavage. At 2000 mg/kgld for 14 weeks clinical toxicity was present

and also a typical “giant” axonal neuropathy. From these data it

may be concluded that the no-adverse-effect level (NAEL) on the

neurotwdcity of

or 3262 mg/rn3 (700 ppm) for 24 weeks in inhaled air.

Comparison of the neurotoxicity of 2-heptanone and 3-hepta-

none permits to conclude that 3—heptanone is more toxic than

2 -heptanone.

This difference in neurotoxicity may be explained when we look

at the structure activity of the metabolites. 2-Heptanone undergoes

biotransformation to a secondary alcohol and —1 oxidation to

hydroxyketone which is further oxidized to 2, 6-heptanedione.

2,6-Heptanethone has been tested and shown not to be neurotoxic

(Krasavage et al., 1982). However, 3-heptanone is metabolized by

rats to 2 ,5—heptanedione which, like its 6—carbon counterpart,

2,5-hexanedione, has been shown to be neurotoxic. Therefore, it

may be assumed that the induction of neurotoxicity is strongly

associated with the levels of 2,5—heptanedione in the target organs

or serum.

The effects of methyilsoamylketone on the central nervous

system of rats were also studied by Katz et al. (1986). The rats

were exposed by inhalation to 9320, 4660 and 0 mgl&, 6 h/d, 5

d/w for 2 weeks (equivalent to 2000, 1000 and 0 ppm). In another

group of rats, they were exposed to the same regimen, supple-
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mented with exposure to 932 mg/rn3 (200 ppm) for 6 hId, 5 d/w
for 90 days. From these experiments they found a moderate de
crease of aural response and a lethargy to the rats at levels of
9320 mg/rn3 and only slight effects at 4660 mg/rn3. It can be
concluded that the estimated minimal—adverse—effect level of methyl
isoamyiketone on the central nervous system must be about 4660
mg/rn3 (1000 ppm) for 2 weeks. De Ceaurriz et al. (1984) studied
the effect of methyilsoarnylketone on the central nervous system by
a method originally developed for detecting the efficacy of antide
pressant drugs. They calculated the effect by measuring the
duration of immobility in mice subjected to a “behavioural despair”
swimming test. Exposure to 1258—2968 mg/rn3 (270—637 ppm) for 4
hours reduced the duration of immobility during a 3 mm “be
havioural despair” swimming test for 26—68%, the 1D50 (Median
active level producing a 50% decrease) for methylisoamylketone was

calculated to be 2078 mg/rn3 (446 ppm). For comparison, in a

similar experiment with 2-heptanone 1D50 was 2097 mg/rn3 (450

ppm). The significance of this experiment in determining the grade

of toxicity is unknown, one can only surmize that with this method

the 1D50 from methylisoamylketone. is about the same as that of

2-heptanone.

7.2.4. Effects on the liver and the kidney

A summary of the effects of 2-heptanone and methylisoamyl

ketone is presented in Table 3. There is no data on the effects of

3-heptanone and ethylarnvlketone.

On the effects of 2-heptanone on the liver and kidneys, there

is only one experiment known in which the exposure was performed

by inhalation. In a subchronic inhalation study, Lynch et al.

(1981) exposed SD rats to 0, 466 and 4660 mg/rn3 (0, 100 and 1000

ppm) 2-heptanone, 6 hId, 5 d/w for 10 months. The liver function

was examined by studying the liver microsomal enzyme induction

potential by injecting pentobarbitalsodlum (25 mg/kg) ip into rats

after inhaling 2-heptanone for 10 months and comparing the sleep

ing times. They found no significant differences in sleeping times

between the groups. There also were no sign of toxicity on the

animals and no gross or microscoiic changes in organs and tissues
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were found, In the same study in which Cynomolgus monkeys were

exposed with the same concentrations and duration as the rats,

and blood was taken at 1, 3 and 6 months of exposure; the

authors found no dose-related alterations in the clinical chemistry

profile. The following parameters were examined: glutamate-oxalo

acetate transaminase, lactic dehydrogenase, alkaline phosphatase,

total bifirubin, albumine, total protein, cholesterol, uric acid,

BUN, glucose, inorganic phosphate and calcium. From this study it

may be concluded that the possible no—adverse-effect level for

effects on the liver and kidneys could be higher than 4660 mg/rn3

(1000 ppm) in exposure by inhalation for 10 months.

A few papers mentioned that 2-heptanone may enhance the liver

and kidney toxicity induced by chloroform (Hewitt et al., 1982;

Hewitt et al., 1983 and Brown and Hewitt, 1984). The results

support the hypothesis that administration of ketonic substances

increases the susceptibility of the liver and kidney to the toxic

effects of halo alkanes. To date the relevance of these data in the

risk evaluation of a single compound, is still unknown. Moreover,

2-heptanone had been administered as a single oral dose, which

does not comply with that of a chronic exposure.

The effects of methylisoamylketone exposure to the liver and

kidneys of rats have been reported by Katz et al. (1986). In two

different studies, one with 2 weeks duration and the other with 90

days duration, they found that the rats exposed to 4660 and 9320

mg/rn3 (1000 and 2000 ppm) in inhaled air, 6 h/d, 5 d/w, showed

a slight increase of the absolute and relative kidney and liver

weights. At 9320 mg/rn3, the changes in the liver were character

ized as minimal to moderate eosinopMlic cytoplasmic change (11/15,

male rats), minimal to moderate hypertrophy of hepatocytes (14 /15

male, 15/15 female rats), and minimal to minor necrosis (10/15,

male rats), In the kidneys the changes were characterized as

minor to moderately increased cytoplasmic basophflla interpreted as

regeneration of tubular epithelium (8/15 male, 6/15 female rats)

and a possible increase of the severity of hyaline droplet degene

ration in the proximal convoluted tubules of males. At 4660 mg/m3

the same changes were seen in the liver and the kidneys, how

ever, with lower incidences. No’ compound related changes were

observed in male and female rats following exposure to 932 mg/rn3
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(200 ppm). From these experiments it may be concluded that the
no-adverse effect level of methylisoamylketone on the liver and

kidney of rats by respiratory exposure is about 932 mg/rn3 (200

ppm) for 90 days.

7.2.5. Effects on the skin

Smytli et al. (1962 reported that 2-heptanone induced moderate

irritation on the clipped skin of each of five albino rabbits within

24 hours of uncovered application of 0.01 ml of an undiluted

sample. Krasavage et al. (1982) cited that the undiluted compound

in quantities from 5 to 20 mI/kg when held in contact with the

depilated skin of guinea pigs under an occlusive wrap for 24 h

produced slight to moderate irritation. The same effect on the skin

was also reported for methylisoamylketone, 3-heptanone and ethyl

amylketone.

7.2.6.

tion

No data have been found on th? parent compounds. The possi

bility of effects on the reproduction by their metabolites should be

kept in mind. 2 ,5-Hexanedione is a metabolite from 3-heptanone

(see 6.3), also from 2-hexanone. Peters et al. (1981) exposed

pregnant rats to a totigestational exposure of 500, 1000 or 2000

ppm (2050, 4100 and 8200 mg/rn3 respectively) of 2-hexanone by

inhalation for six hours a day. In fetal tissues 2-hexanone, 2,5-

hexanedione and pentanone were identified, indicating that 2-hexa-

none and its metabolites reach the fetal circulation and/or that

2-hexanone is metabolized in the fetus. Female rats exposed to

2000 ppm (8200 mg/rn3) 2-hexanone delivered significantly less

pups per litter than did pair-fed controls (7.0 and 10.6 pups/litter

respectively). Also the mean weight of pups of the dams exposed

to 2000 ppm (8200 mg/rn3) were significantly lower as compared to

the offspring of control rats (3.0 and 5.0 grams respectively). A

definite dose-dependent decrease in weight gain was seen in male

offspring of the 1000 and the 2000 ppm (4100 and 8200 mg/rn3

respectively) exposed rats which persisted throughout life. How

ever, this was not the case with female offspring. Behavioural
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testing of the offspring showed some significant treatment effects,

but these results were not uniform. Also clinical tests showed a
few treatment effects, but these were difficult to interpret. Hema—

tological tests revealed no differences at all between the groups

and as compared to controls. Since the exposure concentrations

cause effects in the parertt animals, no conclusions can be drawn

from this experiment.

7.2.7. Other effects

Katz et al, (1980) reported decrease of total blood cell counts

in •rats following exposure to 700 ppm (3262 mg/rn3) anone,

72 h/w for 24 wk. The authors argurnented the importance of this

finding is uncertain in view of the absence of other changes,
including effects on the bone marrow.

7.3

In general the effects of ketone compounds on man and exper

imental animals may be distinguished into:

1. Effects on the upper respiratory airways caused by irritation.

2. The systemic effects.

ad 1 Irritation of the respiratory tract

No human data were available for the specific compounds;

there were data for other ketone compounds. Due to chemical

similarities one should suspect the existence of this property

in the ketones under discussion. The Irritation properties of

anone and llsoamyiketone have been studied in

experimental animals by calculating the RD50 (the dose used

to induce 50% reduction of the respiratory rate) of mice. For

2-heptanone an RD50 of 4171 mg/rn3 (895 ppm) and for

methyilsoamylketone an RD50 of 5694 mg/rn3 (1222 ppm) was

established. It may be concluded that 2-heptanone appears to

have a greater irritative potential than that of methylisoamyl

ketone.
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ad 2 The systemic effects

The target organs for the ketones and their metabolites are
the nervous system, the liver and the kidneys. Other
possible effects are on the white blood cells and on the
reproduction.

Effects on the nervous system

There has been reports of peripheral neuropathy on men after
sniffing commercially available lacquer thinner for the euphoric
sensation. However these data are difficult to interpret due to the
multitude of chemicals in its composition. It was reported that the
composition contained 15.5% 2—heptanone. The dose was not

measured.

There are more data on effects on the central nervous system

in animal experiments. For 2-heptanone there appeared to be a

dose-dependent influence on the behaviour of rats. Daily doses

between 610 and 6990 mg/rn3 by inhalation do not show any ef

fects, but consistent effe’ts on the behaviour occurred at levels

higher than 2202 mg/kg/d (equivalent to 7340 mg/rn3, 8 h). from

these experiments it may be concluded that the NAEL of 2-hepta-

none on the central nervous system of experimental axüinals will be

in the order of magnitude of 1000 ppm (4660 mg/rn3) in inhaled air

for a period of several months.

3-Heptanone seemed to be more neurotoxic than 2-heptanone. At

doses of 2000 and 4000 mg/kgld administered by gavage on rats

showed development of CNS depression or narcosis. Clinical neuro

toxicity was present at 2000 mg/kg/d for 14 wk and also ttgiant”

axonal neuropathy. At 1258 mg/kg/d (or equivalent to 3262 mg/rn3)

for 24 wk, no signs of neurotoxicity were found, although there

was a decrease of total white blood count with no change of dif

ferential count. From the accumulated data it may be concluded

that the NAEL on the neurotoxicity of 3—heptanone in rats is about

3262 mg/rn3 (700 ppm) in inhaled air for a period of 24 wk ex

posure.

The difference in the neurotoxicity between 2-heptanone and

3-heptanone has been assumed to be due to the different metab

olites these compounds produce. In the rat 2-lieptanone undergoes

biotransformation into 2 ,6—heptanedione, while 3—heptanone is
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metabolized into 2,5—heptanedione. The latter, which is like its

6-carbon counterpart 2,5-hexanedione, has been shown to be

neurotoxic, in contrast to 2,6-heptanedione. There are no data on

biotransformation in humans, This should be studied in man.

Experiments in rats also showed that exposure to methylisoamyl

ketone produces effects on the central nervous system as shown in

the decrease of the aural response and lethargy. The estimated

of meth lisoamylketone on the central nervorts

is 4660 mg/m3 (1000 ppm) by inhalation exposure during 6 hId, 5

diw, for 2 weeks,

Comparison on the effects of 2-heptanone and methylisoamyl

ketone on mice by using the “behavioural despair” swimming test,

a test originally developed for detecting the efficacy of antide

pressant drugs, showed that the effective dose (1D50) of 2—hepta—

none and methylisoamylketone is about similar.

There are no data on the effects of letoie on the

central nervous system.

Effects on liver and kidney

There seemed to be a difference ]etween the effects of 2-hepta—

none on the liver and on the kidneys, depending on the method of

administration. Oral administration of 2—heptanone is reported to

have an effect on the organ weights at doses of 100 and 500

mglkg/d for 13 weeks. furthermore, the number of cells excreted

in the urine is increased. The NAEL by oral intubation is es

timated at 20 mg/kg/d for 13 wk on rats. On the other hand,

inhalation exposure of rats to 466 and 4660 mg/rn3 (100 and 1000

ppm), 6 h/d, 5 d/w, 10 months has no influence on the liver

microsomal enzyme induction as evaluated by the sleeping time

after i.p. injection of pentobarbital. On the assumption of a 200 g

rat having a minute volume of 125 cm3/min (CIVO, 1985), this

means a daily dose of 1049 mg/kg/d. The result of this experiment

means that by inhalation exposure the NAEL for the liver micro

somal enzyme induction would be higher than 4660 mglm3 (1000

ppm), 6 h/d, 5 dlwk, 10 months.

for methylisoamylketone, effects on the liver and kidneys are

reported in rats after inhalation exposure to 4660 and 9320 mg/rn3

(1000 and 2000 ppm) 6 hId, 5 dlw for 90 days. The effects are
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seen in the increase of absolute and relative liver and kidney

weights and pathological changes in both organs. The NAEL of

methylisoamylketone on the liver and kidneys of rats by respira

tory exposure is estimated at 932 mg/rn3 (200 ppm) 6 hId, 5 d/wk,

90 days.

No data on the effects of 3-heptanone and ethylamylketone are

available.

Other effects

It has been reported that ketones may cause slight to moderate

irritation of the clipped skin of experimental animals.

No data are available on the carcinogenicity, mutagenicity and

effects on the reproduction of 2—heptanone, 3-heptanone, methyl

isoamylketone and ethylamylketone.



— 32 —

8. PREVIOUS EVALUATION BY NATIONAL BODIES

As shown in chapter 5, only the ACGIII and the NIOSH have
made an evaluation on the various 7/8-carbon chain aliphatic
monoketones.

2-heptanone (methylamylketone)

The ACGIH recommended a change of the TLV from 100 to 50
ppm in 1379 and a reduction of the STEL from 150 to 100 ppm.
This was adopted in 1981. The change was made in absence of
information on the concentration at which this compound starts to
exert irritation in humans. Later on the committee recommended
deletion of the STEL until additional toxicological data and in
dustrial hygiene experience becomes available.

The NIOSH recommended a concentration of 465 mg/rn3 (100
ppm) 2-heptanone, in a 10—hour workshift, 40-hour week, in 1978.
It concluded that the standard should be based on its irritating
properties, because repeated exposures to rats and monkeys did
not provide any evidence of peripheral neuropathy. Because 2-
heptanone was at least as irritating to animals as methylpropyl
ketone, they recommended that the standard should be at least as
low as that for methyipropylketone ( 2-pentanone),

3—heptanone (ethylbutylketone)

The recommended standard as proposed by ACGIH of 50 ppm

3-heptanone was assumed to be low enough to prevent narcosis and

also prevent significant eye irritation, the chief recognized effects

of exposure. Obsolete data from 1949 have been quoted, e.q. no

rats died when exposed for 4 hours to 2000 ppm and all rats died

in exposure to 4000 ppm.

Ethylamylketone (EAK)

The ACGIH recommended a TLV of 25 ppm (130 mg/rn3) as a

comfortable level for unconditioned workers. They based this

standard on unpublished data:
-

“Shell Chemical Corp. prevented the following observations
in respect to sensory responses reported by unconditioned
personnel during or foUowing 5-mm exposures to vapour:

- threshold, odour - 6 ppm
- 50% threshold, eye irritation - 50 ppm
- 50% threshold, nose irritation — 50 ppm.



— 33 —

No illness caused by industrial handling of EAK have been
reported. Workers may complain of odour and transient eye
irritation when handled in poorly ventilated areas when
concentration exceeds 25 ppm but experience shows that
transient responses do not lead to significant systemic ef
fects.”

Methylisoamylketone (MIAK)

The ACGIH recommended a reduction of the TLV from 100 to 50

ppm (240 mg/rn3) in 1980, based on the value adopted for MIEK.

There is no toxicological evaluation at hand. This lower TWA was

adopted in 1982
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9. EVALUATION Of HUMAN HEALTH RISK

9,1. a!isk

There are no specific groups which might be designated as

groups at risk.

9,2. Assessment of health risk

2-Heptanone (methylamylketone)

The target organs for exposure to 2-heptanone are the upper

respiratory tract for its irritation property, the central nervous

system, the liver and the kidneys.

With respect to irritation in experimental animals the RD50 is

4171 mg/rn3 (895 ppm) in mice. If the standard Is based only on

the irritation property and the model of Kane et al. (1979) is

followed, then the occupational exposure limit should be between 42

and 417 mg/rn3 (9 and 90 ppm). On the other hand, there is a

dose-dependent effect on the nervous system as well as increased

liver and kidney weights are reported. A dose-effect relationship

may be constructed (see page 35).

In the evaluation of toxicological data with the objective to

determine the occupational exposure limit, inhalation exposure data

are more relevant than oral exposure data. An overall NAEL of

4660 mg/rn3 (1000 ppm) has been taken as a starting point. In the

extrapolation for animal data to occupationally exposed workers a

safety factor must be used. A safety factor of 20 is proposed

based on interspecies, intraspecies, uncertainty variation factors

the short duration of exposure period. This means that the recom

mended health-based occupational exposure limit for 2-heptanone

should be 233 mg/rn3 (50 ppm) twa-8 h.

anone

No recent data on the irritation property of 3-heptanone have

been found. The target organ of 3-heptanone is the nervous

system. 3-Heptanone seems to be more neurotoxic than 2-hepta-

none. Clinical neurotoxicity is present at 2000 mg/kg/d for 14 wk.
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e of 2—Heptanone Method of adminis- —totation

(rng/kgld) stration on rats

20, for 13 wk oral NAEL liver and kidney

weights

100 and 500, for oral increased liver and
13 wk kidney weights

1049, for 10 mo inhalation no effects on liver

(4660 mg/rn3; microsornal enzyme

1000 ppm) induction

about 10492 for 9 inhalation probable NAEL on ef

mo (4660mg/rn3; fects of the CNS

1000 ppm)

2202, for 6 h inhalation effects on the CNS

(7340 mg/rn3;

1575 ppm)

The estimated NAEL on the neurotoxicity in rats is about 3262

mg/rn3 (700 ppm) for 24 wk in inhaled air.. There are no data on

the effects of 3-heptanone on the liver and the kidneys.

Taking into account a safety factor of 20 as used in the evalu

ation of 2-heptanone in the extrapolation from animal data to

occupational exposed workers, a MAC level of 163 mg/rn3 (35 ppm)

for 3-heptanone is proposed.

Ethylamylketone

No (recent) toxicological data are available. The present TLV as

recommended by ACGIH of 130 mg/rn3 (25 ppm) is based on occu

pational hygiene experience from a chemical company. In the

absence of a proper health based evaluation, the WGD proposed to

retain the TLV of ACGIH of 130 mg/rn3 (25 ppm), for the time

being, as the proposed MAC level.

Methylisoamylketone

Methylisoamylketone has many similarities in its biological ac

tivities as 2-heptanone (methylamylketone). In the irritation pro

perty to the respiratory airways it is shown to have an RD50 of
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5694 mg/rn3 (1222 ppm), which is smaller than that of 2-heptanone,

Experiments on rats showed that methyilsoamylketone decreased

the aural response and induced lethargy in rats. The estimated

MAEL was 4660 mg/rn3 (1000 ppm) for 2 wk by inhalation exposure.

Effects on the liver and kidneys were also reported. For these

effects, the NAEL was estimated at 932 mg/rn3 (200 ppm) 6 h/d for

90 d by inhalation exposure.

Taking into account the similarities with 2-heptanone the WGD

proposed the same health based recommended occupational exposure

limit as 2-heptanone, which is 233 mg/rn3 (50 ppm).

9.3 Recommended occupational exposure limits

The following occupational exposure limits for the 7/8-carbon

chain aliphatic monoketones are recommended:

2-Heptanone 233 mg/rn3 (50 ppm) Lw.a.-8 h

3-Heptanone 163 mg/rn3 (35 ppm) t.w.a,-8 h

Ethylarnylketone 133 mg/rn3 (25 ppm) t,w.a-8 h

Methyilsoamylketone 233 mg/rn3 (50 ppm) t.w,a.-8 h
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10. RECOMMENDATION FOR RESEARCH

- There is a paucity of data on the chronic effects of ketones,
particularly in the areas of carcinogenicfty, mutagenicity and
effects on the reproduction.

- Effects in exposures to various mixtures of ketones should be
studied, particularly in their ability to act synergistically to
produce toxic effects.

- Epidemiological studies are required on occupational groups
exposed for long duration.

- Biological monitoring techniques on occupatlonafly exposed
workers should be studied.
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qezondheidskundge advezen van de werkgroep van deskundgen
fer vaststemng van mac-waarden

Code Prijs

PA 2/79 Koolmonoxyde f. 21,=

PA 1/so Fosfine f. 101=

PA 2/80 .Anorganisch Lood f. 16,=

PA 3/80 Carcinogene stoffen f. 14,”

PA 4/80 Tolueen Diisocyanaat f. 51=

PA 5/80 Cadmium f 14,=

PA 6/80 Chloor 11,=

BA 1/81 n-Heptaan f. 91=

PA 2/81 Pentaan f. 7,”

PA 3/81 1,1,1-Trichloorethaan f 16,=

PA 4/81 Formaldehyde f. 15,=

PA 5/81 Metallisch Kwik f. 11,=

PA 1/82 Mangaan f. 15,

PA 2/82 Monochloorethaan f. 9,=

PA 3/82 norganische Kwikzouten f. 13,=

PA 4/82 Organische Kwikverbindingen
(UiLshdtend phenyllovik en allcazya&ylveth.) f. 11,”

PA 5/82 Kwikalkylverbindingen - Korte keten
(Uitskdtend methy&wik en ethyllcwik) f 16, =

PA 1/83 Methyleenchloride f. 15,”

PA 2/83 Triethylamine f. 14,”

PA 3/83 Trichloorethyleen f. 16,”

PA 1/84 Asbest f. 26,=

PA 2/84 1norganische Arseenverbindingen
(Erclusief Aieenwatezstof) f. 18,”

PA 4/84 Caprolactam f 15,”

PA 1/85 2-Nitropropaan f. 10,”

PA 2/85 Lachgas f. 19,”



Code Prijs

RA 3/85 Nikkel en ni]dcelverbindingen 1. 19,=

RA 4/85 Zwaveloxide f 15,=

RA 5/85 Stikstofoxide f. 13,”

RA 6/85 Chroom en chroomverbindingen f. 18,”

RA 1/86 Epichloorhydrine f 17,=

RA 1/87 1,4—Dioxaan f. 11,=

RA 2 / 87 Hydrazine, dimethylhydrazine, hydroxyethyl
hydrazine en fenylhydrazine f. 19,=

RA 3/87 Formaldehyde (Engthe uitgave) f. 20,”

RA 4/87 4,6-Dinitro—ortho-cresol f, 11,.”

RA 5/87 Dibroomethaan f. 11,”

RA 6/87 Allatoxine Bi, B2, Gi en G2 f. 14,=

RA 7/87 Chloroform f 16,=

RA 8/87 1,1-Dichloorethaan f. 7,=

RA 9/87 Trimethylamine f. 11,=

RA 10/87 Vanadium metaal en anorganische verbindingen f. 14,=

RA 11/87 n—Hexaan f. 191=

RA 12/87 2—Propoxyethanol, 2—Propoxyethylacetate,
2-Isopropoxyethanol (Engthe uligave) f. 7,

RA 13/87 Acrilaten f. 11,

RA 14/87 Trichiorofluoromethane (Engthe uitgave) f. 14,

RA 15/87 Fluorcarbons (except FC11) (EngeLce uitgave) f 19,”

RA 1/88 Para-Dichloorbenzeen f. 13,”

***

RA 2/88 Hexachlorobenzene f. 22,

RA 3/88 Carbonyifluoride and PTFE Pyrolysis products f. 9,=

RA 4/88 Beryllium and Beryllium compounds f. 20,”



Code Prfr

BA 1/89 Fluorine, Hydrogenfluorine and Inorganic
fluorine compounds f. 20,”

BA 2/89 Aniline f. l5,=

BA 3/89 Phtalic anhydride f. 10,”

BA 4/89 Ethyl Methanesulphonate (EMS) f. 20,”
Methyl Methanesuiphonate (MMS)

BA 5/89 Eenzeen *
f. 8,=

PA 6/89 Ethyleenoxide * f 111=

BA 7/89 Selenium en verbindingen * f. 161=

BA 8/89 Styreen *
f 15,”

PA 9/89 Evaluatie van risico op kanker bij f. 10,=
beroepshalve blootstelling ann asbest
(aanvullend op BA 1/84) *

BA 1/90 Methyl acrylate f. 12,”

BA 2/90 2-Hexanone f. 15,”

BA 3/90 Cyclohexanol f. 14,

BA 4/90 Amyl acetate f. l1,=

BA 5/90 1,3—Butadiene f. 17,”

BA 6/90 Ethyl acrylate f 15,”

Alle rapporten vanaf BA 2/88 zijn Engeistalige uitgaven
voorzien van een Nederlandstalige samenvatting
uitgezonderd de rapporten voorzien van *



R 7/90 Ethyl amine 1.

RA 8/90 Gezondheidskundige aspecten van het
begrip Blootstelling en van het
meten/schatten ervan * f

RP 9/90 Fijn hinderlijk stof; gezondheidskundige
aspecten van bijlage 3 bij de Nationale
MAC—lijst 1989 * f

RA 10/90 Dimethylamine f.

RA 11/90 Thiourea f.

RA 12/90 Dimethyl- en diethylsulfaat * f.

RA 13/90 Methylbromide f.

RA 14/90 7/9 Carbon chain Aliphatic Monoketones f.

RA 15/90 Cyclohexane f.
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