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PREFALE

The Swedish Criteris Group for Cocepalicnal Standacds was crea-
Eaned i 1978 within Uhe Besearch Deparkment of the katienal Hoard

of Oecupational Sately and Healbh (NROSHD.

The Criteria Group has bhe task of gathering and evaluating re-

levant spientdfie informolion on subskances which may present an

sectpabional bealkh risk, and preparing reports to ba owsed as
background makerial For the Poord's proposals on occupational

standards (esposure limiksd.

Sparches of the Literature and collection of moberial ars handled
parkly by the mesbers of the Criteria Lroup and partly by sxter-
nal expects who are spesialists in the varinus eress. The resul-
Lant reports - criteris documents — have been published sepaca-

taly Ln Arbete och Hilsa - 8 scienlific periodi al From MEOSE,

For many subsbonoes, the Criteria Group has drawn informebion
I

for bhe Documentation of Decupetivnal Exposurs Limits, wiich

marily From the evaluations made by bthe Mordic Expert Looop
have alsn been priblished in drbete nch Milsa,

Fabh the erileria decumenbs ond consensus reports are discussed
within the Criteria Grouvp befors Lhey 2ee approved. The now pre-
canted reports were reviewed and approved by Ehe Criteria Group
during the period July, 1983 Lo June, 1984, This Qs the Tifth
coblectlon of consensus reporis published by the Crikeria Groupi
the Tour previous collections were published in Arbete och Hilsa
L9121, 1982:9, 1902:24, and 1983:36 respectively.

Tna consensus reports were translabed from Swedish by Ma Frances
wan Sank, who also prepared the Final manesceipts onoa wopd pro-
CEEEAL .
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CONSERSUS REPORYT POR POLYAROMATIC HYDROCARROMS
February 15, 1984

This report in bawed primarily on a orlberia doocument (17)
written for the Criteria Group. The reader is referred to
Appendix 2 im this document for chemical-physical data on
individual polyaromatie hydrocarbona (PAH) and for synonyms,
ptructural formilas and CAS numbers in btable form.

The present report does not take up substituted PAH such am

nitreoarenes.

Occurrence in the working environment

PAH in the working environment 1im practleally always In the
form of mixtures, which wvary in compomition from workplaoe to
workplace. There are relatively fow detailed monitoring
gtudies; most studies cover only benzola)pyrene ({BaP). A
purvey of BaP conecantrations inm varlous Bwedish working wenvi-
ronments, measured primarily wikth mtationary instrumentm, han
recently been published (16)}. The highest concentrations (10
g wamxlu or higher) were found at gas worke and coking plants,
within the aluminum Industry, and in association with the
production of tar and asphalt.

In more detailed analyses, up to 30 different FAH subatances
were measured, and data from these analyses were used to
construct a "PAR profile® in which the relative amounts of the
different PAH asubstances, in percent of total PAH, ware
plotted againat woach polyaromatic in order of wvolatlility.
nifferent working environments showed different PAN profilea
(2). It wam found that PAN emisalonm from a particular souroe
kaep a fairly econstant profile, Thin profile can change,

however, if process conditions are altered.

Beoupational exposure to PAH.can also ooour in iron and steel
works and metal foundries; and while elaaning chimneys or
working arcund internal combustion englnes. It should be
emphasized that at pressant no analyais of PAH in the working
envirenment 1s anywhere near as thorough as the available
analyses of automoblle exhausts, for example with regard to the
composition of the gas phase, particle-bound substituted PAN,
ote. Such research Is urgently needed,

Uptake, biotransformation and excretion

FAIl 18 baken up in the body primarily via inhalatien, elther in
gaseous form or, mors uaually, bound to alrborne partiolen,
When rats were forced to inhale a Bap asrosol, after one hour
the highest tissue concentrations (par gram wet weight) were
found in the intestine, lungs, trachea, lymphatic, glands and
nasal epithelium (20). After 24 hours the tissue concentration
had dropped to 1\ of the post—exposure maximum. Particles
enhance the uptake of BaP and thus the accumulation of a high
local dose in the lunga. PAH and its biotranuformation products
are  excréted primarily wvia gall and urine. Urine containa
mainly the water-soluble conjugated products (22).

Bab is the most thoroughly studied of the PAH substances and
itn biotransformation can be considersd bo provide a modal for
the biotransformation of the others. A falrly detailed swnmary
of the biotransformation of BaP has recently been published
(5). Biotransformation occurs via several enaymatic reactions,
which ereate several different products, The proportienal
amounte of the different products produced are dependent on the
amounts and activity of the enzymes involved., From a toxico-
logical (carcinegenic) point of wview, the most important
tranaformation product of BaP is a diolepoxide which can bind
to DNA. In animal esperiments. (13}, n binding between Bap-
diolepoxide and DMA was noted in all the soft organs cobserved,



FAH ean itself induce the enmymes which participate in its
biotransformation. There seems to be no correlation betwesn
the induction abkility of a particular PAH and its carcinogenic
aeffect. Enzvme activity after induction wvaries with the types
of tissue and the speciss, as well as with the type of inducer
usead [17}.

It is impossible to use pxperimental data on exposure Lo a
single PAN as a basis for estimabting risks for a human popula-
tion exposed to PAH mixtures or to PR and other substances

gimultaneocusly.

Toxic effects

The primary risk associated with exposure to PAH is that for
cancer, particularly of the lungs, bladder and skin. Other
digeases suspected to increass in freguency with exposure to
PAE are chronic respiratory diseases and heart diseases.

Epidemiological studies

The pattern of cavses of death was studied for 11,500 English
gas workers (3). They were divided inte three groups: a)
massively exposed in coking plants; bl intermittently exposed;
and ) net exposed. Industrial hygiene monitering studies made
in gas work retort houses at the same time as this survey (15)
showed an average BaP concentration of 3 tmbpw. The highest
values (average concentration 200 g mmwhawu wera meagured
above the horizental ovens. In group al there were 3.4 deaths
from lung eancer/l000 person-years; in group <), thera were
1.6/1000. The average for England and Wales was reported to be
2.6/1000, Smoking habits in the different groupd were apparent-
1y about the same. Deaths from bladder cancers woere signifi-
cantly higher in group al than in group ), but the increase
was considered to he caused by beta-naphthylamine {3). The

e

study also provides some support for assuming a dose-related
increase of risk for death due to ischemic heart disease. There
iz also a German study of gas works employeess (19); in which
aromatic amines (beta-naphthylamine] are regarded as causing

CANCar.

In an Aperican study {15, 23) of npearly 60,000 steselworkers,
3,500 of whom worked in a coking plant, it was noted that For
those working around the coke ovens the risk of lung cancer was
2.5% times higher than that for the group as a whole. Far
persons who worked over the ovens, the risk was ten times as
high. Wo increased mortality due bo bladder cancer was noted,
but there was an increased fregquency of kidney cancers. Though
these cases did neot ocour among bthe mest highly exposed work-
ers, they seemed related to work around the coke ovens.

Two cases of lung cancer were recorded in a mortality study of
personnel  at a Swedish ooking plant (1), but an ipcreased
morbidity was not definitely established (2 cases against 0.6
expected]).

in a Finnish mortality atudy (14) of about 3,900 foundry work-
ers, it was shown that mortality From lung cancer was higher in
iren feundries, primarily among moulders and core makers, than

in cther metal industries.

A ostudy (25) of 4,000 workers retirved from iron and steel
works, coke ovens and municipal gas works in Japan reported the
following relationships between found and expected cases of
lung cancer: 2.37 for iron and steel mill workers, 1.28 for
coke oven workers, and 0.B82 for workers in wmunicipal gas works.

Ao American mortality study of 22,000 men working in  the
aluminum industry (4) yielded a 8ME (Standard Mortality Ratio)
of 27 for the entire cohort, compared with the national aver-—

age. Increased moertality due te Lung cancer was reported [orp



workera in the electrolysis hall (SMR 121}; the inorease wau
more pronounced for workers around the hoerizontal Aéderberg
eloctrodes (SME 162). In one study (6) from Canadian nluminum
reduction plants, the number of "tar years™ were calculatad for
nearly 6,000 persons. In the group with more than 20 “tar
yoars", the risk for lung cancer was nearly tripled.

Hearly 6,000 asphalt and tar workers, primarily roofearn, wera
ptudied in the USA (7). PFor those who had been working 20 to
2% years, mortality due to lung cancer, expressed in SMR, was
152; for those employed 30 to 19 years 150:; and for those em-
ployed more than 40 yeara 24%. PFor the group as a whole, thore
wan inoreased risk of bladder cancer (SMR 16%)., In addition,
there were thres deaths fyrom skin cancer (besides melanomanm),
againet an expected 0.75%, among those who had joined the union
more than 20 wyears previously. Leukemia was also reported in
overfrequency among workers who had been union membars for a
long time {13 cases agalnek 7.8 expected).

In & Swedish study (8, 9) of over 2,000 chimney sweeps, the
vaported incidence of lung cancer was wnearly tripled (32
obgserved cases against 12.1 expected). Smoking habita were
raported to be no different from national averages, A doubled
rimk for leukemia was also noted, as was some increased lnol-
denee of cancers of the asophagus and liver, and of inchemlo

heoart disease.
Experimental studies, carcinogenicity

A wurvey of the carcinogenielty of individual pelyaromatic
hydrooarbons has been made by IARC (11). & summary ig progsen-
ted in Table 1. The prant toxicological information on inter-
actions among different PAll substances indicates that inter-
action effects of PAH mixtures must be established empirically
and can not be predicted from data on the individual substances

Invalved.

Table 1, PAH shown experimentally to ba carcinogenic (17).

Renz (o janthracene® Mice, rata

Benz (& Jacephepantcyleno® Mica (akin painting, injection)

Fanzol i) f luoranthene Hice (akin painting)

Nangola)pyrena* Gevaral apeacian

Bangole)pyrane Mice {(akin painting)

Chryssna® Mice {(akin painting, injection)

Dibonzl{ah)anthracene* Severnl species

Dibanzol{h, rut)pentafens Mice (injection)

Haphtholrat jpentafene Mice (akin palnting, injection)

Dibango [ bdaf Jehrysene Mice, rate (mkin painting,
injection)

Banzo(rat )pantafene Hice, hamaters (skin painting,
injection)

Indenoil, 2, 3=-ed)pyrena* Mica (mkin paintineg, indjection)

* fubatances whown to be complete carcinogens (both promotors
and initiators). This property hae not been studied for the
other subatances. .

nue/doge-effect relationshipn

It is not possible to use the eplidemlological studies as a
basis for establishing a dose-responae relationship, since the
data on the working enviromnment ie too scanty, the Ba? determi-
nations uncertain, and the PaP concentrations given far the
same ovcupaklons vary too much [rom study ke study and place to
placea.



There are dose-response data from sevaral sxperimental cancex
studies with animals, and theas seems to indicate a linear
dose-response roelationship (10, 12}. The shape of the dose-
response cnrve scems to depend more on the length of exposure
than on the +teotal dese {21}; that ia, several small doses
produce more tumors than a single dose, even though Lhe total
amounts are the same.  The dose-response curve for a mixture of
several carcinogenic PAHs was less ateap than that of BaP
alone, although the mixture was more potent; at higher doses
+he substances seem fo work against  each other to inhibit
effects. The binding of BaP to OHA is a function of the dese.
The purve is  linear up to about 1 mg BalPflkg body waight, and
at higher econcentrations it develops a sigmoidal shape ocor-—
responding to the doses of Eal which are followed by enzyme
induckion within 24 hours (L&),

BaF as_a risk indicator

BaP has often been used as an indicator of the PAH content of
air pellution due to combustion gases. [Howevers, BaP concentra-
tions from different combustion processes Vary quite a kit, and
BaP represents only a small portion of the mutagenic  and
carcinogenic potential of such pollutants [1r}. For example,
smoking 1s associated with low BaP soncentrations but presents
a higher cancer risk Lhan pecupational exposure Lo consider-
ably higher BaP concentraticns. Bak (az well as other individ-
unl polyaromatic hydrocarbonal  oan  thus  be regarded as an
inadequate risk indicator for the carcinogenic effects of air
pollutants. For dose-respunse rolationships {and exposure
limits) it wouid be preferable to express the dose ag conocen—
tration of BaP, total PARH, or in some other way, for wsach Lype
of process or each working environment, rather than to have a
generally applied single wvalue for paP, as this can give a
misleading idea of the cancer risk. At present there is neo
spientific data on which to base a dose-response relatlonship.

Congclusions

A large number of individual PAH substances are carcinogenic,
as are PAH mixtures. There is an increased risk of cancer,
primarily of the lungs, bkladder and skin, with exposure to
conbustion products from the burning of fossil fuels. There is
nge substance which can serve adeguately as a general risk
indicator. ®Wor is there any basis for discussion of a dose-
response relationship for  any occurrence of eoccupational
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APPENDLX

Analysis methods for polyaromatic hydrocarbons

Polyaromatic hydrocarbens in  the working environment never
oecur wingly, but always in mixtures containing several dozen
eclosely related hydrocarbons in addition to other substances
with similar structures, such as nltrogenous derivatives.

Ik im therefore necessary, when choosing a method to analyze
polyaromatios, to congider Jumst whak repult ig desired:
alther a plokture of the hydrooarbon misxture which is as com-
plete am poraible, or a determination of a ecomponent or group
of componants. Occupational exposurs limits in wany different
countries have been set in accordance with the analysis tech-

nigque used.

A. Determination of the greatest posmible number of components
in a PAH mixture

gamplen of higher polyaromatiec hydrocarbons Iln alr are usually
taken on a filter. The lower PAN (2 to 4 rings) have a rela-
tively high vapor pressure, and therefore occur in the air
primarily as vapors. The filter must therefore be connected in
aeries with a wash bottle centalning some solvent (e.g. etha-
nol) which will trap the more volatlle compenents. Andersson
ot al {1} have described a lightwelght personal sampler in
whiah & fiberglass filter is combined with a solid adsorbent
{hoberlite XAD-2) which binds PAH in vapor form. The PAH is
aluated from the filter or adsorbent with some solvent, usually
penzene, cyclohexans or ether. Long-term extraction in a
soxhlet, which was common earlier, has largely been replaced by
phort=tarm treatment with ultra=-sound at room temperaturs.

i

fhe only methods which can separate the complicated PAR miwx-
tures from different working environments (usually derived from
voanl tar) are gas chromatography using a capillary column and
high-pressure liguid chromatography (HPLC). Bidrseth (3) has
deporibed gas chromatographle determinatien of a large number
ol PAH oomponenkts from several different working environments.
Mrout 1 ng of each component oan be shown by using a f£lame
fonization detector and a capillary column.

NIOSH (6) describes separation of PAH components by liguid
chromakography. Detection is by UV abmorption. Recovery was
I0==L00% for some 30 PAH substances and a number of deriva-
tiven; the detectability limit wam about 3 ﬂuxau for 1.5 m° alr
volume, Considerably higher sensltlvity can be achieved with a
fluorescense detector, since all PAHN substances are strongly
fluorescent.

Analyses such as those above are extremely time-consuming,
particularly since identification of the wvarious components ias
ugually the main problem, The mass speckrometer as a "deteo-
koxr"™ amﬂnﬂ the gas chromatograph oan provide a sensitive
determination, and usyally certain identification, but certain
PAH isomers can not be separated by thelr mass spectra. The
analysis of course becomes easier if only ten or so of the main
components are to be identified. Such analyses have been
described by Andersson et al (1) and some others.

. Determination of only one PAH component, usually BaP

Mout analyses of BaP material are concerned only with benzol(a)=
pyrane (BaP). This substance can of course be determined with
any of the chromategraphic methods mentioned under A above, but
the apalysis can be made much simpler if ﬂ:p%.uﬂv,hn to be
determined. Thin-film chromatography oan be used for the
poparakbion method. Several methods to separate BaP from other
compenents have been described (%),



The hest method for guantification of BaP is fluorimetry.
Measurements can be made directly from the thin-film plate with
a suitahle spanning instrument, or can be mades from solubtion
after scraping and eluation. The former method is both faster
and more sensitive. The flucreacence maximem for Baf in
cyolohexanse, as well as on rhin film, is about 410 am. A g

lamp (365 nm} is usually used for axcitation.

The standard methed psed by the Swedish Doard of gooupational
Safety and Health (2} invalves sampling on a fiberglass filter
from which the PAR Ls liberated by sublimation in a vacuum. PAH
g then eluated From the sublimate, and the Balb is isolatsd on
thin film. Fluorescence is measured dirvectly on the plate. It
is linear within the interval of 1 to 200 ng BaP an each thin

film.

If it proves impossible to separate BaP completely from the
other comwpooents, a Elucrimetric metbhod dpsoribad by Sawicki
tR) is Eumm suitable for gquantification of BaPF. Bal in concen-
trated suifuric acid yields a chavacteristic flucrescenca at
about 540 nm. About 20 other PAHs showed little or nmo fluores-

cences under the same conditions.
¢. Won-specific analysis methods

A specific determination of individual PAHs is complicated and
time-consuming, and it is still not poesible bto draw  any
conelusions about the carcinogenic effects of the mixture even
when the composition is known. In several placges, therefore,
there have been attenpts to develop simple mathods For esti-
mating the total amount of PAK in an air sample.

fhe simple (in principlel method of woighing the henzene
extracted from the filter has been widely nsed., Thig method
provides the basis for the cocupational exposure limits sat for
FAHs in the USA and several other countries. Aoocording to

RIO&EH (7), the particles are collected on a filter which is
subseguently  extracted with benzene and ultra-zound. The
extract is condensed in a wvacuum fnto a plastic beaker, and the
increagse in the weight of the beaker is determined, With a
30-liter air sample, the detection limit is reported to be
0.067 mg/m’; i.e. a third of the exposure limit set by ACGIH.
The weighing must be deone wery carefully, since occupational
exposure limits correspond to a weight difference of only 132
Hg. This apparently simple analysis can thus be rather Jdiffi-
cult in practice. The method is suitable only for workinag
envirenments in which tar or pitch is the PAH source. It i=
definitely not asnibable for estimating PAH in engine exhansts,
ete., aince in auch cases the benzene extract would consist
primarly of uncombusted aliphatic hydrocarbons.

Fieldstad and Halgard (4} have used the abserbance of ethanol
extract at 250 nm as a measure of PAH concentration, and found
a relatively good correlation with Ehe sum of PAH conpoients
which could be determined by chrematographic methods. The same
auvthors (5) further developed this method to include separation
in a thin-film system which collects all PAH components on a
single spok. Thisz is then scraped off and exbracted with
ethancl, and absorbence is measured at 254 nm. The methed must
be calibrated against a gas chrowmatographic analysis of a
sampie from the same source. The "total PAH" thus determined
aorresponds on average to Z0% of the weight of the benzena
fraction. A large part of this fraction thus consists of
undefined substances whose only shared characteristic is their
sclubkility dn benzene.
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HEVISED COHEEREUS REPORT POR CADMIUM
rebrvwary 15, LOH4

This is a revision of the Criteria Group's consensus report of
Jan. 18, 1280 (2Z]). Ocoupationgl exposure to cadmiun can cause
kidney damage as well as lung damage (5, 17}, The possible

cancer risk has also. been discussed during the past few years
(2).

Kidney damage

The sarly astage of kidney damage caused by cadmiom is charac-
terizmed by protoinurea, specifically an incroased excrebion in
urine of low-nolecular proteins such as beta-Z-microglebolin,
which iz a aign of damage to the renal tabules, In more
advanced cases the proteinurea is more general, with increased
sxcretion of several different types of proteins and in some
oases also augar, amino acids and caleium.  In serious cases,
cadmium—cauzed kidney damage can lead to redoced glomerular
Filtration, and in severe cases to uremia {urine poiscoing).

pisturbances of calcium metabolism can ocour as o secondary
affect of cadmnium-caused kidney damage; symptoms may be in the
form of kidney stones, or in rare cases [not described in
Sweden) brittlensss of the bones. Kidney damage caused by
prposure to cadmium does not appear  immediately; as oa rule
saveral years of exposure are necessary. Uging data from
atudies of cadmium-exposed battery workers in Sweden (15]), it
was calenlated that workers exposed for 10 years to cadmium
dust at an average air concentration of 200 ug Dmxﬂw run a H0%
risk of acguiring cadwium-cansed kidney damage in the form of
increased oxcrebion of low-molecular probeins. With lower
exposure the risk is reduced, and has been estimated teo be

abous: 10% with 25 vears of exposure to 16 pg ﬁnxah (14},



At an early stage, kidney damage cavsed by cadmiom is cliniezl-
1y benign and wvery seldom leads to gericus complications ifF
exposure to cadmium is  stopped. Tha damage to the renal
tubnles is usually irreverszible, however (18], and should b
regarded as an undesirable effect and as the first symptom af a

more serions condibticn.

Lung damage

inhalaticn of air with high concentrations of cadmium, above 1
ta 5 gﬂxﬂu. pan be directly lethal. Edema can develop in the
lungs within a few hours, or up ko a wask after oxposure.
Long-term exposure to lower concentrations of cadmiom, around
100 ug nﬁxau or more, ©an also caunse emphysemous changes in
lung tissue (5, 17). English workers expased for long periods
te high econcentrations of cadmium during the 30's, 40's and
S0's have shown a greatly increased mortality dus to chronie

obstructive lung disease [respiratory problems} (2, 3.

Cancar

cadmium can give cancer to raks when given by intramuscular
injection {6, 7); and alsa with inhalation of HmwmﬁwﬂﬁH% low
poncentrations of cadmiuvm <hleride (12.5 o 50 pg/m”) for long
periods {18 months) (21).

A number of epidemiclogical studies regarding cause of desath
and ocenrrence of cancer among  cadmium-exposed workers  have
been published (1-3, %, 10, 13, 1§, 19, ). Several of the
stipdies indicate a somewhat increased mortality due to certain
typas of cancers, primarily of the lung or prostate (1, 2, 13,
16, 20}. Both smelter workers exposed te cadmium (e, LO, 1l&)
and battery workers exposed to cadmium and nickel (1, 13, 19,
207 were examinsd, and the results were similar. It should be

pointed oot here that occupaticnsl exposure Lo certain nickel
compounds has been ghown to cause respiratory cancers (23).

In Sweden, Andersscn et al (1) have studied cause ofF death
among  workers eiposed to nickel and cadmivm in a battery
factory. The 525 men who were exposed to cadmium for at least
1 year showed & lower total mortalily than expechked, 105 deaths
before the age of A0, compared to 122 as caleulated From the
naticnal average. Of the workers, 273 had been employed for at
least five years prior te 1962 and thus had been exposed to air
nonoentrations of cadwiom exceading 300 thEw. S5ix of these
highly-exposed workers had died of lung cancer and 4 of pros-
tate cancer, compared to a predicted 3.8 and 2.4, rospectively.
The 185 workers who had been exposed o cadmium and nickel for
at least 15 years also showed a somewhat lower total mortality
than predisted. In this group of workars with long-term a3 -
gure, there had been a total of 3 deaths due fo prostate
cancer, against an expected 1.6. Two cases of hladder cancer
had ooourred, compared to an expacted n.d. Three of the
workers had died from lung cancer, against an expectad 2.5,

in both the Swedish survey (1] and surveys made in other coun-
tries {Z, 3, 9, 10, 13, 16, 19, 20), the increased risks far
daath due to lung or prostate cancer have been =mall and seldom
statistically significant. The possible conpection between
cancar and ocoupational exposure to cadmium is therefore not
yeb clear (113, It shonld be emphasized that  in the indus-
tries showing an increased cancer mortality exposure to cadmium
was 80 high that many of the workers had suffered lung damage
and/Sar damage to the renal tubules.

Binlogical monitoring

Uptaks of cadmium can be estimated by "biclogical exposure

control®, measurement of cadmiam in blood and urine. Cadmium in



blood reaflects primarily current exposure, whereas cadmium in
urine ls as a rule primarily related to body burden {5, 8, 17).
cadmium in whole blood can therefore be used to monitor current
exposura to cadmium == a low wvalue means bthat current sxposurs
pan not be high. & high bloed cadmium eentent, on the other
hand, oan reflect a high current exposuras, a high hody burden
rasulting from earlier high axposure, or A gombination of both.
gmokors generally have much higher eadmium levels in both blood
and uripe than non-smokers (4, 8, 12), and with measurement and
interprotation of cadmium levels in biological samples smoking
habits should always be taken into conmideration.

Mengurement in urine of low-molecular proteins guch as beta-2-
mloroglabulin can provide informatlon on posaible changes in
ranal funcklon. Reduced tubular function greatly increases

excretion of low-molecular proteins.

Critica) effects

Judging from present knowledge, the damage to the rensl tubules
should be considered the critical effect of long=term exposure
to cadmium, This means that the kidneys are the organs first
damaged by long-term exposure ko cadmium. If occupational
exposure to cadmium is kept to a level too low to cause kidney
damage in the form of low-molecular proteinurea, the risk for
more maricus kldney or lung damage, and for cancer, should be

mindmal .
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APPENDIX

Analysis of cadmiuom

Sampling of cadmium and cadwium compounds in air is best done
with a membrane filter. If the respirable fraction is to be
analyzed, a pre-filter is used. The analysis is unsunally
performed with atomic absorption spectrophotometry. Since the
sansitivity for cadmivm is bigh, the ordinary f£lame btechnigue
i guite adequate. NIOSH (2) recommends dissolving the filter
in nitric acid and analysis by atomic absorption at 22B.5 nm.
The methed has been proven for concenbrations ranging Erom 4 to
94 tﬂhﬂw and 240 liters ailr wolume, and the detectability limit

in thiz air wolume is reported to be below 0.1 :mxgu.

As an alternative, HNIOST suggests emissicn spectrography with
induced coupled plasma (ICE) (3},  The detectabdlity limit is
e about the same crder of magnitude as that for atomic absorp-
tion, but with the more advanced instruments several elements
can be determined at the same time.

The X-ray fluorescence technigue can he used to determine
citdmium and saveral other elements directly on khe Filter.

Dotermination of cadmium in blood iz prescribed for control of
exposuere (1]. Tt is usvally done with flameless atomic absorp-
tion (earbon rod technigued (4], but ashing in a Delves cup {a
nickel crucible} followed by Flame atomizabion iz also effeo-—
Live {5}, These methods can be used for concentrations down ta
4 or § nmol/liter, normal walues for persons not occcupatianally

aexposad.

The ecarbon rod technigque is the best analysis method Lor
cadmivm in urine {(8). A concentraticn of 19 nmol/liter can be
determined with a sample velume of 5 pl.
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REEVISED CONSENSUS REFORET FOR IHOEGANIC ARSENIC (EXCLUDING
ARSENIC HYDRIDE}
February 15, 19284

This statement ig based on a criteria document compiled eariier
at the reguest of thoe Criteria Group (75). T has heen supple-
metited with subseguently published data of relevance for risk

aszessmnent.

Deourrenae and exposure

Arsenic is semi-metallic and pecurs naturally in both inocrganic
and organic compounds. The nost common valences are +IIT and
L Inorganic arsenic occurs in several sulfides, often
together with copper, lead, geld or silver. High arsenic
concantrations are also found in some kinds of ooal; this can
lead to considerable air emissions from coal=fired power
plants.

The mnmmswn agoncentration in the air is generally wvery iow
[<0.01 taxsw,, but levels can ke higher in metropolitan areas
and around arsenfc—emitting industries. Concentrations excesd-
ing 1 cmxaw have somebimes boen measured in the viginity of
smelters (43, 67). FElevated air concentrakions in the working
environment ocour in smelters and in conneckion with the
manufacture of some products containing arsenie, such  as
pesticides, insecticides or fungicides. hirbarne arsenic in
amalbers ocours primarily in inerganic form, usually as arsenic
trioxide, while fungicides can contain both inorganic and
aorganic  arsenic compounds. Bxposure to inorganic  arsenic
compounds  can  alse  oceur  during  wood  impregnation,  where
chrome-copper-arsenate salts have come into widespread use.



Nata on arseniz concenbrations in drinking water in Sweden are
limited: however, elevated As concentrations have been measurad
in well water in the wviginity of the Rénneklr smelter. The
aver 200 workshops at which wood is iwpregnated are a poteptial
probiem, sinoce arsenic salts are usad and there is often
considersble contamination of the ground and conseguent risk

for lsakage Lo groundwaber.

The ar=enic econkent in mosk foods is below 0.25 mgfkyg (B5].
Bome saltvwater Fish and crustaceans, however, can contain aver
10 ma As/kg body weight {1G).  Most of this arsenic acours in
ahﬂmLmj form; primerily as arsenobetaine (11, 50). The total
daily intake of arsenic for persons ncot ococupationally exposed
iz usuwally helow 200 pg, 10 to 50 Mg of which is incrgandic

arsenic (86).

Arsenic copcentration in urine can ke used ag an indicator of
exposure Lo inorganie arsenic, provided that the analysis
;mw::m makes it posgible to differentiate betwesn metabolites
of  inorganic  arsenic  and  those arganic arsenic compounds

pocurring in fish and shelliish (48]},

mm.gw@
Mosl of the arsenic taken up orally is absorbed in the diges-
piwe traclk, unless it is in compounds that are particularly
difficnlt to dissolve. Bbsorptisn of particle-bound arsenic
trioxida, which is often inhaled, is probably also gquite high
cww @ither directly wvia the lungs, or from the digestive tract
after clearance from the respiratory passages. Barention and
distribukicn of arsenic from occupaticnal exposure iz dependent
mestly on its chemizal ferm at intake and its subsaguent
bictransformatina (76). Inorganic arsenic, both triwalent and
pentavalent, is mathylated in the bedy to mono- and dimethyl
arsenates (MMA an DMAY, which are excreted fairly guickly ln

i1

urine (7, 78). Since arsenic is alsq a substrate for certain
redox reactions, As(V) can be reduced to the wmere toxic As{TII)
-—- or, with esxposure to A={III), thaere can be some oxidation
to Bs{V} {77},

It dis primarily the inorganie, non-methylated arsenic that
kinds to bkody tissues (7B). Triwalent inorganic arsenic,
poasibiy after reduction o Ag{I) (27), binds primarily +o 81
groups, and the longest retention times are in keratin-rich
tissues such as hair, skin and nails, as well as in the lining
of the digestive tract (32). Oooupationally ewxposed persons
can have high arsenic concentraticns in the lungs for several
years after termination of exposure (5). It has hesen shown in
animal experiments that lung retentien varies with the type of
arsenic conpeund (56).  Calcium arsenate remains in the lungs
mih longer than arsenic trisulfide or arsenic trioxide.

Araendc is excreted primarily via the kidneys. This process is
slower in man than in most animals, probably because of a
smaller degree of methylation., Persons given low oral doses of
Az{¥} in soluntion exereted about 40% ip urine within 2 days and
about 80% within 3 days (30% as DMA, 12% asz MMA and 16% as
inorganic¢ arsenic) (70). Persons exposed to As{ITI} in solu-
tion excreted about 33% within 2 days and 45% within 3 days
L24% as PMA, 10% as MMA and 11% as inorganic arsenic) (7},

Health effects

Hon-carcinocgenic effects

There are geod descripbions of both acube and sub-acute soffects
from several occurrences of mass  peiscning by inorganic
arsenic, A daily intake of about 3 mg over a few weoks ocan
cauze dealth to infants and sympitoms of poisoning in adults (17,
36, 40). The lethal deose for an adult has been reporied to he



M0 to 100 mg with intake of arzenic trioxide (79). Gastro-

intestinal symplLoms are common, as are raversible BECG changes
and bone marrow deprassion. Peripheral neurological symphoms
ean nocur a few waaks after exposure, A8 oan 1lght—-colored
pransverse bands on thea nalls ("Mees linas"®),

chrenic effects can occur in several organ aystemz, usually
the same ones allected by acute polsoning. Damage to the
paripheral nervous gyntem and the bone marrow has besn noted
after occupational axposure and after intake of drinking water
containing high concentrations of As {13, 20, 28, 72). The bone
marrow damage is typically marked by disturbod arythropoesis,
and sometimes alag by granulocytopenia. [Brethropoesis =
formation of red blood ovells; granuleoytopania = shortage of

granelocytes, a type of white bloed cell.)

Wart-like changes on the palms of the hands or soles of the
feet, "palmoplantar hyperkeratosis®, la a gharaoterlstic effect
of leng-term inktake of inorganic arsenie wvin drinking water,
medicine, etc. (15, T4). As a rule, skin changes do not ooCur
until after about two years of exposure, indicating that a
total arsenic dose of about 0.5 to 1 g is reguired,

Intake of inerganle arsenic wvia drinking water can also causa
peripheral vascular damage, sometimes leading teo gangrene
{plackfoot diseass). These effects have bean observed in some
parts of Chile and Talwan, where As concantrations in the water
ara on the order of 0.5 to 1 mg/liter (4, T4h. It also seems
that some minor disturbapces in peripheral elreulation can
develop in smelter workers exposed to arsenle [(29). in bwo
studies (3, 30), this group also ghowed Aincreased mortality

{rom cardiovascular disense.

where are a number of case histories in whieh treatment with
inorganic trivalant arsenic for several years wan connected to
portal hypertension without liver cirrhosis (9, 22, 26, 33, 42,

i3

69). Liver cirrhosis has also been reported after medical
treatment with arsenic, but these data are not conclusive. It
ia nevertheless worth noting that inersased mortality dues to
liver cirrhosis has been reported In weeveral occupational
groups exposed ko lnorganic arsenic compounds (3, 30, &5).

Occupational axposure to irritating arsenic compounds such as
arsenic triexide can cauvee inflammatory damage to the resplra-
tory passages, primarly the wpper portiena (34, 37, 58),
Earlier, when alr conventrations of arsenic wore often extreme-
ly high, perforation of the nasal septum was not uncommon in
exposed workers.

Genotoxicity and affects on reproduction

Inorganic arsenic im teratogenic in animal exporimental systems
(14, 21). flowover, there are wvery little data which can be
used for a detniled analysis of the effects of arsenic on human
reproduction. Horpdatedm et al (47, 48) hoave reported lower
birth weight and an increased frequency of malformations in
children of women who worked at the ROnnakAr smelter during
their pregnancy. Miscarriages were almso reported to be more
freguent  among  bhess  women. Singe there was no detafled
analysis of the source of information or of the relative
importance of the various exposure factorm, the role of arseniec
in these findings can not be determined (68).

Inorganic arsenic doos not seem to be mubtagenic in backerial
tests (35, 64)., Arsenic can disturb DNA repair in both bacter-
ial and human eells {25, 63), which may well indicate a co-car-
cinogenic effect. An  increased frequency of chromosomal
aberrations ham been noted in workers axposmd to arsenic and in
patients treated feor long periods with medicine containing
arsenic (44, 45, 98). With regard to sister chromatid ex-

change, resulkts are equivocal {8, 45, B84), In experimental



ayatems inorganic arsenic, pariieunlarly the trivalent form,
induces  both  chromosome aberrations  and  sister chromatid
exchange (1, 41, 46, 51, 54, 5%, 82, B7).

Carcinogenic effects

Increased mortality from lung cancer has been noted among
workers who made pesticides contalning  inorganic  arsanic
compounds (19, 36, 53). Both trivalent and pentavalent ocom-
pounds, e.g. caleium arsenate, lead arsenate and sodium avsen-
ate, were asaed in the manunfacburing procossaes., There are some
case histariss in which use of these substances in spraying

crope is also related to lung cancer {16, 66].

Workers oxposed to arsenic in copper smelters ron an increased
rigk of acguiring lung cancer {3, 30, &1, 73)1. The three most
thoroughly studied smelters are in Montana  {fnaconda)  and
waghington (Asarcoe] in the U2k, and in Visterbobten {(Rdnnskidrs-
varken) in Sweden. During recent years there have bean sev-
aral, partly overlapping, epidemiological mwdaemm of workers in
these emelters (12, 18, 31, 33, 55, 62, HBiI, B3). In general,
there has beep a positive correlation between the estimated
exposure to arsenic apd the increase in risk for lung Wm:ﬁmﬁq
In those studies intended to determine the effects of other
exposure factors such |s snlfuar dioxide or smeking, no other
factors could explain the difference. Regarding the Inter-
action bketween smoking and exposure to arsenic, reselis are not
clesr, but at least one study (55) implies that smoking multi-
plies the risk for lung cancer.

in spite of the strong epidemiclogical evidence that inorganic
nHmn%Hn_ has a ecarcioogenic effect, animal experiments have
usnally had pegatdlve results (23). Recently, however, intra-
tracheal instillations of arsenic tricwxide, the most common
compound in many oceupaticnal exposure situakicns, have caused

malignant lung Ltumors in hamsters [57}. This study also

indicated that benzialpyrens tends to have a promotive effooct
with arseniec in the occurrence of a certain kind of lung tumor,

Oeoupational exposure to arsenic hae also been corralated to
tumor develepment in organs other than respiratory organs. An
increased incidence of cancer in the digestive tract has been
notad in smelter workers exposad to arsenic (31, g0}1; angicsar—
comasg in the liver of wvinyard workers (65); and tumors of the
bBlood-forming organs in smelter workers (3} and workers pro-
ducing fungleides (53). A cause-effect relationship For these
tumer forms can not yet be regarded as establisled. Although
exXposurs to inorganic arsenic via drinking water or wmedicine is
known to ecause skin  tumors, such tumors  have seldom  hesan
reported among occupationally exposed perscns. This may he
besause the epidemiclogical atudies are uEnally concerned with
mortality, and the arsenic-induced skin tumors are often nob
very malign.

Risk evaluation

Lung nm:ﬂww iz the critical effect of chronic inhalation of
arsenic. The risk at low doses is often caloulated using a
linear dose-response curve and the asaumption that there is no
threshold value (24, 71). This iz the model accepted and used
in the evaluation of arsenic made racently by the World Health
Organization (86), It is emphasized, however, that use of this
kind of medel, particularly with extrapolation to extremely low
doses, can ealy give a rough approximation of the cancer riak.

Caleulation of a dose-response relationship betwesn lung cancer
and oceupational exposure to arsenic is coupled with consider-
able uncertainty. Exposure daka is w:ﬁﬁan:mﬂwh.vnwmwn:yshpﬂ
for exposures cccurring a long time age. It is also oneertain
which model best deseribes the relationship between lung cancer

and arsenic exposure.  Risk estimates are often made using a



realative risk model': the rimk in a particular exposura group
ln regarded as proportional to the background risk, e.g. the
vigk of lung cancer in a population not exposed to arsenie,

h couple of the above-mentioned studies of smeltar workersm in
vhe USA allow some quantitative estimate of the lung oanoar
eluk at different exposure levels (12, 31). of parvticular
interest for the establishment ol occupaticonal exposure Limdtm
are the risks demonstrated in those groups which had tha lowast
aXpoOBUre. In one of the studles (12), there was a statis-
tieally proven increase of 128% {EMR:220) in the risk for lung
eapoer in a group with a caloulatad average arsenic concentra=
tlon of 163 pgs/l in urine. Phim correspends te an alr conaens
tratien of about 50 :aa!u {60), The average exposure ktime for
this group was estimated to be about 15 years. Assuming that
the risk for lung cancer ks related to the cumulative dose of
arsenic {concentration x time) ws- elevated risk could be
enleulated at about 5% par Wy rhma alfter 20 years of oMpomuro.

in the other study (31) a plmilar statistically significant
inorease of lung cancer risk was noted in the lowest axposure
group. Here the rigk increase wai 131% (SME:=231). The average
alr cencentration of armenic for the group was caloulated Lo ba
290 cmbgu (23}, Thers was no data on the average exposura
time. A calculation was made using that portion of the group
which had been employed for 25 years or more; here tha risk was
2274 or 180%, depending on date of initial esploymont. 4=m:
corresponds to a risk increasa of 0.B% and 0.6% per ug rwxi
[(»25 years of axposurel.

When the relative-risk modal iy uned the twe studies thus glve
quite differeat riak estimatesn. The reason for this ls wn-
glear, but the uncertainties in the calculations should be
borne in mind --- particularly those regarding the exposure
antimates. It is alee possihle that medels othar than thea
rolative-risk modal would provide a better estimate of the
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vonn@ction between lung cancer and exposure to arsenic (6) The
rink watimate made by Wi (B6), which wam used in the previous
criteria dooument {2), lies about midway betwesn the highar and

the two lower risk estimates, while the estimate made by OSHA
lies closer to the lower values (52).

Wo certain conclusions can ba drawn about possible differencse

in the carcinogenic activity of differsnt arsenic ne;ﬁn:ﬁmn:
Experimental studies, however, wseem to indicate that w:.
solubility of the arsenic compound affocts its retention in nrw
lungs, which can in turn atfect the cancer-causing ability of
the substance, Until further knowledge is obtained . however

discunedionn of occupational exposure limiks must treat th

organic arsenlie as such, without refarence to
form.
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APPENDIX

Analvsis methods for arsenic

In the method given by HWICSH (1), arsenic compounds in both
particle and wvapor form are sampled on a filter af ocellulose
acebate impregnated with a sodivm carbonate solution. The
filter is then dissolved with nitrie acid and hydrogen perox-
ide, and the arsenic in the solution is determined by atondic
ahsorption [carbon rod techniguel. The method is prover in the
interval from 0.7 to 32 ug As/m® with a 400-liter air sanple.
The detectapility limit is given at 0.15 tmb:w with the same

air wolume.

An alternative method is emission spectrography with induced
coupled plasma (ICP). HIOSH reports that the detectability
limit with this methoed is marginally worse than that for atomico
absorption [2). This method, however, allows simultaneous
analysis of several elementa, as does analysis by M-ray fluor-—

gECence .,

Biological exposure control of arasenic is complicated. Determi-
nation of total arsenic in urine iz of little wvalue, since
concentrations are strongly affected by intake of such foods as
fish or shallfish. According ko Worin and Vahter (3), inorgan-
ic arsenic and its metabolites in urine can be determined with
the "hydride method". | The urine is trested directly with
hydrochlorie acid and sodium  borohydride, forming arsenic
hydrids. This gas is led wia a stream of hydrogen gas into a
heated cuvette in the atomic absorpticn instrument, where the
arsanic hydride is =plit and the free arsenic can be daters-
mined, With thiz technigue it is possible to determine 005
pmolfiiter  of  dporganic  arsenict  metabelites  (methylated
argenic compounds) in the presence of a large amount of “fish

arsenic”.
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wpish arsenic' pan be determined by saleulating the difference
petwesn totnl arsenic and arsenie given by the hydride method.
Tf necpssary, ifnerganic arsenic in wrine oan be saparated Lrom

metabolites by the ion exchange technigue.
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CONSENEUE REPORT FOR BERYLLIUM
April 25, 1984

This report is based primarily onm a criteria dooument written
at the reqguest of the Swedish Criteria Group (13).

Boerylliom is a metallic element ooourring in several minerals
in the esarth's orust and as a "gontaminant™ in e.g. ocoal and
nil. In the nuclear power industry, the electronics industry
and the aviation industry, the metal occurs in varicus kypes of
alloys —-— primarily with copper, cobalt and nickel. Heryilium
oxide is used in the chemical industry and in nuclear reactors.

Docupational oxposure to beryllium in the form of dust or
azroscls (scluble compounds) can eccur during mining or pre-
cessing of beryllium ore; in the production or processing of
alloys containing beryllium; and in the preduction and use of
umﬂ%mu;ﬂs,noaﬁoﬁsmm, primarily oxldes.

Dptake, bictransformation, excretion

When raks wers given deses of 0.6 to 6.6 Wg Befday in the form
af Beld
absorbed in the digeative bract (19%).

4 in their drinking water, an estimated 20% of Be wasz

Clearance of inhaled beryllium particles is a two-phaze pro-
cesz: A rapid phase which ecan be ascribed to mucociliary
transport, and a slower phase attributed te the activity of
magrophages in the lungs (3).  The uptake of H_m.,Hw.._.“_.mnH by the
macrophages depends on the scelubility of the compound; sparing-
1y soluble beryllium compounds ave taken up quite rapldly.
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Uptake is proportional to the number of particles, up to a

latean at about 2.5 pgsnl (11).
p

The uptake of beryllium ilons from the lungs is a slow process.
The ecombination of lung clearance and slew uptake makss the
kinetics of beryllism absorption in the lungs guite compli-
cated., When rats inhaled mmmoh_ the level of Be in the lungs
gradually increased Eor 316 weeks; but ther it reached a pla-
tenu, where it remained for the next 40 weeks of inhalation
{(21). Tn one study {141, 18% of a dose of :ﬁﬂum given by
intratracheal injection was apcumulated in bone tissus, and in
another similar study (20 36% of the dose had accumuliated io

none tissue after only 15 minutes.

The distribution of beryllium to different organs depends on
bath the kind of exposure and the nature of the bervllium ocom=
pound. pfter intratracheal injections of mmhpm most af the
peryllium is found in the Llungs; whereas alter intravenous,
intramuscular or intraperitoneal injection abont half the dose
is found in bone tissue and smaller amounts in the Liver and
spleen, but there are no detectable amounts in the lungs [2).
with leng-term exposure to low doses of berylliuom, most of it

peems to accumulate in bone tissue (20).

Ahsorbed berylliom is excreted primarily via urine [5, 6],
probably after an active tubular seoretion. Excretion wia the
gall bladder seems to depend on the abkility of the components
of the bile to bind beryllium [(5).

Toxic effects

Bffects on the ekin

fantack with seluble beryllium salts can sensitize the skin and
pause allergic contact eczema, 2 delayed allergic reaction.

i
o

Beryllive fleoride has a stronger effect than ammonium beryl-
liuvm fIluneride, berylliom sulfabe or beryllium chloride [(107.
Beryllium compounds can also cause granulomas ——— bolbh foreign-
body granulomas and granuleomas regarded as immunogenic. Beryl-
Lium woxide thue has the tendency to induce a granulomatous
allergic reacticon [9).

Effects on respiratory organs

Acute effects in the form of lung inflammation (pneumonitis)
have been reported as an ocoupational illness among boryllium
workers exposed to high concentrations of fluoride. Thera iz a
dose-effect correlation between the size of the dose, the
length of time before appearance of symptoms, and the duration
of the illpess {208). The risk of pneumonitis is dependent on
the solubility of the beryllium compovnd. Oxide produced ak
1500°C has not caused pneumonitis. It is less soluble and has
a larger particle size than axide produced at 500°C, which has
had acute effects at Aalr concentrations of about 1 g wmxsw.
Beryllivm sulfate has acute effects at concentrations as low as
0.1 mg Be/m® (8, 25).

Inhalatien of beryllium can alsc produce chronic effects in the
form of berylliosis (beryllium dust lung), which has SYMPEOms
aimilar to those of asbestosiz (22). There =seams to be no

dose-effect or dese-response relationship. In a couple of case
studies, berylliosis was reported after exposure to Be in
concentrations lower than 1 tﬂbaw {4, 15); patholagical studies
indicate, however, that these effects ocould be manifestations
of an allergic nature.

Carcinogenic effects

In a mortality study made of two berylliom industries (17),
there were 20 cases of cancer of the respiratory tract. Thore
was no control group dncluded in the study. In a follow-up



gtudy of the same industries [18}, a cohort of 3,685 heryllium
workers was compared with a cohort of 5,920 workers in a ravon
industry. Mortality due to iung cancer {age-gtandardized) was
50% higher ameng the beryllium workers for whom exposurs had

begun at least 15 years previousky.

n further analysis (29) from one of the two indpatries, oover-
ing employees exposed for less than 15 years, ravealad that
most of the workers had been exposed for less than five years
and that the group with moere than 5 years of exposvre was too
small to provide a statistical basis for establishing a dose-
response relationship. Naither smoking habits nor cocupational
axposure to other substances conld explain the increased
ineidence of lung cancer among workers for whom it bad been
more than 15 years since the beginning of ewposure (29). B
microscople examination of the lung tumors showed that 32% (8
of 251 were adepocarcinomas, compared to & normal frequency of

about 15% in the USA [24).

Rats have developed lung oancer after inhalatien of beryllium
are, beryllium sulfate, beryllium fluoride and berylliuvm oxide
[12). The lowest air coencentration shown te canse lung canoer
in exparimental animals after several months of sxposure was 30
te 40 pg m¢x3u. Intravenous injections of berylliom cowpounds

have canged cstessarcoma (bone cancer] in rabbits (2071,

Other toxic effects

Baryllium chleride has caused chromosoms aberrations in vitro
(26) and an increased misincorporation of DHA by inhibpition of
polymerase ackivity (161, Beryllium sulfate has  induooced
morphological transformaticon in hamster embryonic ocells in

vitra (7).

Soluble beryllium compounds which have been injected are more
foxic to the liver than beryllium sulfate in particle form

(27}, and rcause necrosis. [cell death) of parenchymous cells.
The necrosis does not seem to be connected with binding of
beryllium in the cell nucleus {23},

Berylliun has been shown to inbibit the activity of several
enzymes (13, 200,

Lonclusicns

Exposure to beryllium can cause contact eczema, granuloma and
baryliiosis. It is nok completely clear whether the last-named
effect is of an allergic nature.

Beryllium and beryllium compounds are carcinogenic.,  They have
causad lung cancer and ostecsarcomas in experimental animals,
and epidemiclogical studies indicate an increased freguency of
lung cancer among beryllium workers. It seems that the lung
cancer appsars in the workers after high exposures (over 1
5mx§uu [13). Most studies lack data on exposure levels, and
therefore a dose-rvesponse, dose-effect relationship can not be
calonlated. Adr nDﬂnWﬂﬂHmﬂwDuw of 0.1 mg mmHBH {sulfate) and 1
Haxﬂm texide) are regarded to have acute effecks on the lunga,
while chronic effects (bervlliocsis) can be assumed to ocour at
concentrations 100 to 1000 times lewer.
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APPERDIX

Analvasis of beryilium

Samples of keryllinm in air should be taken on a f£iltar of
either the willipore or the membrane type. The filter and the
dust sample are then diszsolved in a mixture of acids such as
nitrie acid and sulfuric acid. The solution is then evaporatad
and the remaining substance is dry-ashed at 400°C and dissolved

in dilnte sulfuric acid centaining sodium sulfate.

Determination of bervllium is usually made by atemic ahsorp-
tion. Since it is pecessary be determine axtremely low concen-
brations, the graphite oven technigue is the hest. Kiosh (2}
gives an absclute detection limit of § Pa per sample, corres—
ponding ta 0.5 pg Wm\Hm for a 80=liter air wmgﬁwm..?vmcﬂcﬁwnb
is measured at 234.9 nm.

A alternative method given by HWICSH (3} iz emission apac=
trography with indused coupled plasma {ICP). AL a wavelength
of 313 nm, the detection limit for the solution is 1.5 ng/ml,

agquivalent to about 0.2 :mxau for a 100~likter air sample.

¥-ray spectrograpbic methods can not be used for baryilium
becange of its low atomic number. The characteristic radiation
has such a long wavelength that it can not be measured with

standard instruments.

There is also a sensitive Flucrimetric method for beryllium.
Boryllium in an alkaline selution with morin produces a fluor-
escance with a maximum at 550 nm., Ceoncentrations down to about
4 rmxaw can be determined in a 10-liter air sample, making this
method as sensitive as  the spectrographic method descorihed
above {13, It ia probable, however, that the Ffluorimetric

melhod is more sensitive to disturbances from othar suhstances .



References

1. Analytical Guides. BHerylliuwn. Morin fluorimetric method.
Am Ind Hyg Assoc J 20 (1969) 104--105.

2. HIOsN. Manual of Analytical Methods, 2nd ed Vol 5. Method
288, Berylliom and beryllium compounds (as Be). U 5 Dept
of Health, Bducation and Welfare, Cincinnabi, Ohio 19789,

3. MHINSH. Manuwal of Analytical Methods, 2nd ed Vol 7. Method
351, Trace Elements. U 3 Dept of Health and Human Ser-
vices, Cincinnati, Ohio L1981,

|
!
{
f
f
.m
i

CONSERSUS REPORT POR INORGANIC MERCURY
April 25, 1984

Background

Mercury (Hg) occurs in nature as mekallic Hg (Hg'), as moeno-
valent EE.+H and divalent Amm—u.r”_ inorganic salts, and also in
organic Hg compounds. The mest important of these in terms of
effects on the oubdoor envirooment are alkyl mercury compounds

of Lthe methylmercury type Anmuma+u.

A large number of surveys of the toxicology of mercury have
baen published in recent years (4, 5, 11, 23, 24, 29, 33, 34).
There ig an enormous amount of literabture on mercury. The
following discussion takes up only those matters of central
relevance for setting exposure limits for inorganic mercury in

the working environment.

Doocupational  exposure to wvapors of metallic mercury is most
common during the mercury refining process; in the chler-alkali
industry, where metallic mercury is used as a cathods in the
electrelysis of soediuwn chleride to chlorine gas and caustic
soda; and in dentistry. In addition +to this, occcupaticnal
exposure to metallic mercury ocouwrs in metal refineries, in the
manutacture of batteries and Ffluorescent lamps, and in the
manufacture and maintenance of electriczal rectifiers and

instruments containing metallic Hyg.

In the chlor=alkali ipdustry there is also some exposure to
divalent Hg salts. Such exposure can also oocur in the chemi-
cal dindustry -- where divalent Hg salts are somnetimes used as
catalyats -- and in some other working enviromments. Ococupa-
tional expeosure te divalent Hg is less common than exposure to

metallic Eg.



Oocupational exposure to monovalent salts of mercury is rather

rarea.

The following discussion centers primacily on the riskas of
exposure bt metallic mercury and secondarily on risks of

pxposure to divalent Hg salts.

Metabolisa

Metallic mercury is easily absorbed when it is inhaled in wvapor
Ferrm. There iz preobably alse some absorpbion wvia the skin.
Uptake via the digestive kract is limited. Ty is accumulated
in the central nervous system (CHN3), kidneys, eto. Metallic
mercury is oxidized in the body to divalent HAg. It is excreted

via urine and feces.

Galts of divalent Hg in aerosol form can be absorbed in the
lungs, but just how readily is unclear. Absorpticon wia the
gkin and digestive tract is limited. Divalenl marcury is
accumlated primarily in the kidneys, and only siightly in the

CHS.

Heagurement of exposuare

The degree of exposure to vapoers of metallie Hg can be measured
by air analyses. Concentrations in the breathing zone have a

much higher information wvalue than area measurements.

Additionally, Hg centents in blood (B-fg)} and urine {(U-Hgl ocan
he used as exposure indices. Neither one, however, is optimal
for the purpose. Analysis problems are common, and there is
also nponsiderabls individual wariation in both B-Hg and U-ilg at
& given air concentration of Mg, This means that individual

readings must be interpreted with cavticn. Group averages or

repeated readings from an  individual, howewer, are useabkle.
U-Hg seems to reflect the degree of exposure for several weeks
or manths prior te sampling, whereas B-Hg probably reflscts a
somewhat  shorter time span. Heither meazurement seems o
indicate the degree of accupulation in the organs of interest
here {sec helow).

B-Hg is more affected than is U-Ng by exposure to mekhyl-
mereury, which is found in persons whe eabt fish -- particularily
figh from Hg-conkbaminated waters. U-Hyg thus seems to have some
advantage over B-Hg as a measure of occupational exposure. U-Hg
should be determinsd in morning urine and readings should ha

correctaed for dilution of the urine.

"Hormal" TU-Hg for persons without Dnn._:.u.me.._..._us.mu. eRposure  or
gubstantial intake of methylmeroury via fish is below 20 ugsl.
"Hormal" B-Hg is about % pa/li.

Emmmnl__.n.m

Vapors of metallic mercury affect the central nervous system;
symptoms are abt least partially reversible If exposure is
terminated. The peripheral nervous system [(PHS)] can also be
affected. Effects here seem te be less clearly expressed,
however, and there is no evidence that they appear at lower
prposeres than doe the CHE symptoms. Metallic mercury can also
cause kidney damage, primarily glomerular, but also tubular,
It iz not clear whether the CN5 or the kidneys are the critical
organs, i.e. which of them is negatively affected abt a lower
eXpogure. Either CHS symptoms or kidney sympbtons can appear
first, apparently depending on the individual. Exposura-rag=
ponse  correlations for the ©HE and kidneys are therefore
presented together below. galts of divalent Hg can damage
kidneys, but do not affect the CHS.



Meroury from exposure to vapors of metallic (but not divalent]
Hy passes through the placenta. There is thus a potential for
damage to the embrye, particularly ke its CHS. This potential
risk has not been 4mHHmwmﬂ either experimentally or clinically,
and can therefore act be gquantified.

Inorganic Hg ocan caunge mggzﬂawnﬂhnma reactions. Exposnre
carries with it some risk for allergic contact eczemn. There
may alsce be immunologicoal mechanisms behind the glomeralar
kidney damage. Iacrganhic Mg can bring an a gensral reactlon,

agrodynia, particularly in children. This probably has an

immunclogical basiz as well.

Inorganic Hg seems to have wvery little negative sffect on the
genatic material itself. However, it can damage the spindle
pole and thue cause maldistribution of chromosemes during cell
division. There is noe clear evidence for such effects in man,
possibly  because sbtudies have so far not  been optimally
degigned to show them. The clinical importance of such damage
te nuglear material is unclear. It seems most likely that it
wonuld have some bBearing on the appearacce of smbryo damage due
to chromosomal aberrations in either the gametes or the embryo.
There is no data on this, however.

There has been almest no research inte the possible carcino-

genic gualities of inorganic Hg. The studies of mutagenicity

do not seem to indicate carcincgenicity.

Exposure-response correlation

The following discussion ocovers the relationship  belbween
exposure to metallic Mg in wvapor form and the responsze of the
CHES  and  kidneys. The conclusions are hased primarvily on

studies of exposed persons.

There are several problems involwved in  interpretation of
available data on the relationship between exposure and effect/
TeEEpONSe, Information on exposures is usually inadequatoe;
reports often include air measurements from only one oocasion,
leaving earlier concentrations unknown. Since Hg has a definite
fendency to be retained for a long time in the CNS and probably
alsa in the kidneys, this can be & major souree of uncertainty.
For instance, it is often not clear whether an effect iz due to
recent.  exposure or to  long-term exXposure. MHoreovear, METLY
measurements were net made with personal samplers, adding a

further scurce of esrrer in estimating actual expasure levels.

Reports frequently contain information on U-Hy, and somebimes
alse on B-Hg.  But here too, samples may have bheen taken an
Jusk ene oceasion and the dats thus reflect only sexposurs
during the pericd immediately prior to sampling. And further,
most of these reports contain no information on the reliability
of the analysis method.

For ore the data vnambiguous with regard to effect. Awvailable
studies are of the cross—sectional fype, and selection scan thus
not be ruled oot. Furthermore, it is the subtle affecks, not
the clearly manifest damage, which are of primarvy interest.
With regard te the CHS, the problem is that most of the inter-
esting symptomsa are bolbh subjective and non-specific.  Seweral
groups of acientists have therefore measured cobijective para-
meters which are considered to reflect slight effects on the
CHE. One of the problems with this 1s that is not always clear
whether the effects demonstrated are relevant to the individ-
ual's health. The same applies to minor effects en the kid-
weys.  Ancther problem is that the stwdied parameters also show
considarable dnter-individueal warialion in an unexposed popula-

tion.
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in general, the neceszsary basis for construction of well-de-
Fined doze-response curves for the effects of Hg does not
axist. “This iz hardly surprising, considering the inadeguacy
of the exposure information and the nature eof the effects in
guestinn, There is considerable variation in the exposure/s
effect  data, in the few cases where comparable paramebers can
be found in the publications. The data csually give only a
rough picture, from which ik is diffieult to determine exactly
gt what exposure a given effect becomss apparent. It is also
oroblematical that, 1in a onumber of astudies, effects are des-

criped at U-Hg and B-Hg levels very near "normal”.

With regard to the NS, it can ke stated that subjective
aymptoms which pgan indicate silight polisoning  ("micromercuri-
alism"} are reported more freguently by workers exposed to air
concentratione of 10 to  100pg :ﬂxaw. Feportesd sympbomns

include "nervousnezs®™, "uncertainty", insomoia, loss of appe-
tite and weight reduction, Objective chservations include data
indicating that cognitive functions and short-torm memory arve
affected at U-lg levels of 60--110 wg/1 (7, 104, 12, 18, 21. 25,
26, 320, 31, 33). Smme evidence may indicate that psychomotor
functions are affeckted at about the same U-Hg levels (7, 10,
i2, 14, 17=19, 22, 35). Pronounced tremor is an impartant
aymptom of poisoning, and is preceded by change in the frequen-
oy of the sponbanecus tremor. Such changes are obhserved at
U-Hg levels of S50-=100 ug/l (14, 17, 22): in one case this
effect was obszerved at a U-Hg of only 20 pg/l (B). The clinical
importance of these changes in tremor is unclear, althoogh they
can indicate a slight effect on the CNE. Sub-clinical effecte
on the PHS have been reported at U=-Hg levels of 00--120 pg/sl or
higher (2, 3, 16, 21, 30--3Z}.

With regard to the kidneys, discrete increases in secretion of
protein, indicating effects on the glomerules, have bean found

in groups of perscns with U-Hg levels of 100--300 pgsfl or

higher (6, %, 13, 15, 20-=22): in one case, however, a%t ahbout
35 pgfl (2T7).  The glinieal importance of this wwaﬁmwscwnm is
unclear. It must, however, he regarded as a potential health
risk, since clinically significant glomerular damage iz founs
in highly exposed Hg-workers. Typical tubular proteinurea with
excretion of low-molecular proteins (e.g. beta-Z-microglebulin)
seems  not te occur this early. However, several groupsz of
authors have discoverad increased excretion of a punber of
lysosomal enzymes, which can indicate a =slight effzot orn the
tubular epithelium. Such enzyme leakage has been noted at U-Hg
of 50 -100 pg/l or higher (1, &, 13, 20, 2B). In one case (13)
there wersa some indications of effects at about 35 pg/l. the
clinical significance of this kind of observation is, however,

unclear.

Summary

A number of studies have shown that discrete but clear effects
op the CHE apd kidneys, the cribical organs, ocour ab exposure
to wapors of metallic Mg correspending to a U-Hg of about 60
g/l or ﬂ. creatinine  {about 250 nmel/liter or 30 umolmol
craatinine) or hlgher. In some studies, effects were noted at
-y concentrations as low as 20-=35% posl. Interpretation of
=i of 50 ug/l
generally corresponds to an air coacentration of about 30 :mxaw
and a B-Hg of about 20 pgsl (100 pmols1).

thase latter data is, however, difficult.
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APFENDIX

Analysis methods for mercury and mercury compounds

There are several methods for direct measurement of metal-
lic-mercury wapor in air. Analysis ampules are the simplest;
they provide a reading after a few minutes of collection time.
The &mﬁmnwﬂHWHWﬂw limit: is relatively high, however == abaout
0.05 gﬂxah, ar 0.02 Hﬂxsw if the collected air is First dried,
A average wvalue for leonger periodas [up te 8 hours} can he
obtained with a "diffusion dosimetar™, which can be worn by the
enployee. The suhseguent analveis wmugt be made at o labora-

tory, usually with flameless atomic absorpltion {(see below).

Instruments for direct readings of mercury vapor in air have
been in use for a long time. Mearly all of them are based on
the light absorphbion of mercury wapor at the resonance wave-
length of 253.7 npm. These instruments in their simplest Ffarm
are sensitive to all other substances which absorb light at the
game wavelength: sulfur dioxide, ozone, aromatic hydrocarbons,
sto.  There are various ways to eliminate this source of error,
such as dividing the airstream through the instrunent into twe
branches. Ong branch flows through a filter that removes the
meroury wvapor; the resulting difference in light abscrption
Gold and

other noble metals make suitable filters, since they bind Hg by

then reflects only the BHg concentration in the air.

amaligamation. Such a double-stream instrument

1 can  detect
mercury vapor in air down to ] :m}gm.

iIf there are no direct instruments availabkle, samples of Hg
vapor in air can be taken in a wash bottle containing a soln-

tion of potassium permanganate and sulfurlc acid. This oxi-

2+

dizes the metallic mercury to Hg® salt, which .m»..mwm in the

solution. For perscnal samplers, there is a more suitahle

chemisorbtion method using grannlar manganese diexide as



adnerbent (2], In the laboratory this is completely dissolved
in a mixture of nitriec acid and bydrochlerie acid,

In both thece cases the analysis is made with a special varian-
tion of the flameless atomlc abporption method. The solutlon
{in the first case after reduction of the surplus permanganate)
Lo mixed with a redueing agent such ag stannous chloride, whioh
lipearates the mercury from the solution. The maroury wvapor (n
then transported over to the measuring instrument wia air or
nitrogen blown through the selution. The measurement in bamsed
on light absorption at 253.7 nm, and car be made either with
the Instruments used for direct measurement of Hg vapor in alr
ar with an atomic absorption instrument. Thesa methods ara
doporibed in the method collectlon of the Watlonal (Bwedlaeh)
Bonrd of Occupational Safety and Health (1). The detectability
limit is given as 2.5 ug =ox1u for both methods: with a 10-
litar air sample for sampling in a gas wash bottle and with a
10=1lter sample for the chemosorption method.

gamples of inorganic Hg compounds in particle form are beast
taken on a filter, such am one of inert £fiberglans. The
particles can then be diasolved in acid and analyzed in the
same way as the sample solutions [rom Eg wvapor. NIOBH (5)
deacribes a sampling arrangement In which inerganlo maroury
compounds are collected on a fllinr and scluble organic meroury
compounds thereafter collected on 8 molecular sleve [Cnrho=
wlove B), and finally the Hg vapor on an adsorbent containing
nilver. These three f[ractions are analyzed separately by
tharmal descrption and flamnlese atomic absorption. The
anenaitivity is extremeoly high: 0,001-=0.01 pa Hg par sample ¢an
b detected, depending on the messuring instrument; tha penel-
tivity is 0.I--1 tmxnw with an air volume as low as ten liters.

Ainclegical monitoring ol mercury exposure is usually done by
annlysis of blood or urine. Blood concentrations are affected
[airly guickly by exposure to mereury in air, whareaas urlne

69

values are more difficult to interpret and in general probably
reflect the body burden.

For analysis of biological samples, the flameless atomic
absorption method is used. Samples can be prepared by partial
wat-ashing, e.g. with potassium permanganate-sulfuric acld for
urina, br treatment with an acld mixturs at T0° for blood (3,
6). Ater reduction with stannous ehleride or sodium bor-
hydride, the samples are analyzed with the same methods used
for air samplos. There are, however, methods described [n
whivh reduction is accomplished by alkaline solution without
pravious enrichment of the sample (4).

Analynim of mereury by flameless atomlo abgorption is easily
automated, and several devices have been described in the
literature. As a rule, a detectability limit of about 0.3 ng
Hg/sample can be reached; with a sample volume of 0.2 m1 (bleod
or urinm) this corresponds to abouk 1.5 ng Hg/ml. The normal
blood coneentration for unexposed persony fu 4 ke 5 g/ ml.
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CONSENSUS REPORT FOR FURFURAL
April 25, 1984

Physical—-chemical data, use

ChE Mo: 98-01-1

Svstematic name: Z-furaldehydea
gynonyms: furfuraldehyde, furfurol “ i
Molecular weight: 96.08

Formila: Ll 0 o CHD
Boiling point: 161.7% ©
Melting poink: =36.5% ©

1 meEw = 0.26 ppm; 1 ppm = 3.9 mg/m” (20% ¢, 101.3 kPa)

Furfural at room temperature is a colorless f£luid which turns
red-brown on exposure to light. It iz easily soluble in alocoe-—
hol, ether and benzenes, bul only sparingly scluble (about 8%)
in water. The ocdor is rather like that of benzaldehyde (bitter

Almond]) .

Furfural is used as a solvent in oil refineries, in the plas-

tics industry, etc., and is also used az a fungicide.

Uptakxe, biotransfeormation, excretion

In ecne study (6} in which test subfdects inhaled between 7 and
an snaau furfaral, retention was caleculated to ke about T78H%,
while uptake wia skin was estimated to be about 20%. This
uptake increases with increasing air temperature and humidity

2

{61, It was calculated that with direct contact 1 cm™ of skin

on the hand resorbs about 0.003 mg furfural per minute,



In man, the primary bilctransfcormation products are furoyloly-
oine {via conjugation with glycinel and 2-furanacryluric acid.
The hiclogical half time for furfural is a little over 2 hours.
Blotransformation products are excreted primarily wia the
kidnays.

Toxic effects

In ene older study {12) copcentrations of 1.9 to 14 ppm fur-
fural were reported te hawve cawsed headache and irritation of
the eyes and throat. Similarly, it was poted in a NIOSH study
(158) that Ffurfaral in concentrations of 5 to 16 ppm caused
irritation of the eves and respiratory passages. Althouah
there are apparently no long-term studies regarding ocoupa-
tional exposure, it ean be noted (1} that no illpesses caused

by exposure to furfural hawve been reported.

In a Russian study (guoted in Reference 17) it was noted that
ocoppational exposure to concentrations of 30 to 1230 meau have
caunsaed hepatitis (liver inflammation} and affected the narvous
systen. In experimental studies [18) Furfural concentrations
of 1.0 ko 1.5 Eﬂhﬁw affected the senae of amell, and a concen=
tration of 0.31 gmxgu affacted the eye's sensitivity to light.

In one study in which hamsters were exposed for 13 weeks (6
hours/dav, 5 daysfweek) to 0, 20, 115 and 552 ppm furfural,
animals in the two highest dose groups showed atrophy of the
nlfactory epithelium and hyperplasia of the lamina propria in
the nasal cavity (5). At 352 ppm, there was alse irritation of

the ayes and nose.

Structural atalogy suggests that substances with a structure
szimilar to that of furfural can cause group allergies (7} but

there are no studies in this area.

Several studies (2, #--11, 16} have demcnstrated effects of
furfural on enzymes. A reduction of activity in the respira-
bory enzyme of bhe kidrey mitochondria was noted in rats (9).
{Mitochondria are the energy-producing organelles within the
cell.) A simultanecus increase of enzymes in the endoplasmatic
network and the lyscsomes was also demonstrated (103,

After inhalatbion of 20 mg mcﬂmchchxaw for 3 months (5 hours/
day, & dayvs/week), adult rats showed reduced activity of alkal-
iz phosphatase in blood serum (16). Rats 6 to 7 weseks old
given the same dose for four weeks also had less caleium in the
skeleton than controls {(16]. After twelve weeks of inhalation
(5% hidav, & daysfweek) of 200 mg mcﬁmﬂﬂmuxau. rats showed
neurcchemical disturbances in the gentral nervous system as
wall as disturbances in the metabolism of steroid hormones (2.
The disturbances were measured as reduced levels of adrenalin

and noradrenalin and increased cholinesterase activity.

It is unclear whether these demonstrated enzymatic and histo-
logical changes indicate a definite health risk after occupa=-
tiomal exposure to fuarfural in concentrations below present
BEPOSUCEe wwihﬁm 15 ppmg Z0 Sﬂ\ﬁwu.

Mutagenicity studies with Ames® test have given eguivosal
results. Some studies have rveported furfural to be mutagenic
and others bave reported it te be non-mutagenic (13, 14, 191,

In ong cancer study (30 in which hamsters were given furfural,
benzolalpyrene or both by intratracheal instillation once a
waek for 236 weeks, it was noted that trachsobronchial cancer
appeared earlier in the group exposed to both substances than
in the group exposed to benzolalpyrene alone. This probably
indicates that furfural has a cocarcinogenic effect.  The study
13} containg no indications that Furfural alone has any car-—
cinogenic activity.



In a later study (4) in which hamsters inhaled 400 ppm furfural
for 9 weeks followed by 330 ppm for 11 weeks and finally 250
ppm for 3F weeks (7 hours/dav, 5 daysSweek), and simultanecusly
received weekly intratracheal instillations of benzolalpyrens,
it was copoluded that the carecinogenic elffect of henzelalpyreoe
was nok affected by the exposure to furfural. The furfural
dose was reduced during the course of the experiment because of
the obvious effects on the animals reeceiving furfural alonpe:
reducaed body weight, wvellowing of the fur, irritation of nasal

mucosa and atrophy of the olfactory epithelium.

Conclusions

The: oritical effecta of exposure to furfural are irritakion of
the eyves and respiratory passages. There are no studies which
can be used to estimate a dese-response/dese-effect relation-
ship.

It should be poted that furfural in the gas phase can be ab-
saorked by the skin.
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Apnalysis methods for furfural

The method series published by khe Hational Swedish Board of
fooupational  Safety and Health (1) recommends sampling of
furfural in air by abserpkion ob Anberlite XRD-Z. After
desorption with diethyl ether the analysis is performed by gas
chromatography., Furfuryl alcohol can be determined simultan-
egusly. A five-liter air sample is sufficient for detection of

concenkbrations down to L.5 mg m:wmnHmHh}uw air.

MNIASE (2] recommends sampling in a gas wash bottle containing
Girard's T-reagent {(carboxymethyl-trimethyl ammonium chloride
hydrazide), dissclved in water containing a citrate-phosphate
huffer.
zide which can then be determined by ligquid chromatographic
analysis [(HPLO). The mathod
has been tested in the interval of 10 to 40 qusu_ but  the
detection limit dis estimated to be about 0.2 sﬁxau with a

This reagent combines with furfural to form a hydra—

A UV-detector is used at 312 nm.

120=liter air sample.
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This deocument includez the alieyelic hydrocarbons conbaining
from & to 15 parbon atoms in a ring system. For most of them,
there im no data in the literature relevant to the sstablisb-

ment of oocoupational exposurs limits.

Ehysical - Chemical data

Cyclopentans

oAS No.:  209-02-3

Formula: ﬁmch

Svnonym: Pentamethylens

Molecular weight: 70,14

Boiling point: 49.3°C

Vapor pressure: 53.3 kFa [31°C)

1 oppm o= 2,87 Eﬂxaw“ 1 meﬁw = .34 ppm

Cyclohexane

ChS No.: o 110=83-7

Forrmia: C.H) .

synonyms: Hexamelbhylene, Hexahydrobonzens
Molacular weight: Bd.14&

Boiling soint: B80.7°C

Vapor pressure: 13.3 kPa [(61°C)

L ppm = 3.44 H@xauu 1 Eﬂhaw = 0,2% ppm

Cycloheptane

CAS Ho.:  291-84-5
Formula: ﬂu:ma

Synonym: Heptamethylene
HMolecular weight: 98.1%
Boiling point: 118.5°C

3

1 ppm = 4.02 mgsm”y 1 Eﬂxaw = 1,25 ppm

Cyelooctanse

CAS No.: 292~Fd=8
oy laz: ]

armela _an_”.._..m

Synonym: Octamethvlens
Molscular weight: 112,21
Boiling podint: 149%C {(99,.B kPa)

I ppm = 4,59 meﬂu“ 1 Eﬂxﬁu = 0,22 ppm
thersa

Formula: Cl,

Molecular “weight: increases by 14 units for every ﬁmu

mmmmhhmmmwhiMMMb
Cyocloalkanes are produced from crude oil and cocour as compo-
nents in warions fistillation products. They (primarily those
of low molecular weight) are used as solwents and extractants
in the paint industry and in the chemical and pharmaceutical

industriss.

At room temperature the low-meolecular cycloalkanes are liguida,
whereas those with higher molecular weights ars solid. Thay
are sparingly scluble in water but easily dissolved in aleohol.



fOocupational exposurs can occur either wia direct skin contact
ar by inhalation of aerosols or vapors containing oyoloalkanas

{primarily the lew-molecular ones).

Optake, bictransformaticon, excretion

oeeupational uptake of cyclohexane was studied in 22 shoe
factory workers {#}. Concenbrations in fackery air were 17 to
2,462 meg cmnpcroﬂmﬁﬁxaw, and measured concentrations in alve-
olar air were about 75% of bhese. The ovelohexans content of
the blocd was noted to be abeut 30 to 350 pg liter. which
corresponds ke an uptake of about 35% fo &5% of the amount
inhaled. In ancther study (7] the uptake via lungs was repori-
ed to be 331%.,  Leas than 10% eof the total uptake is excreted
via exhalation after termination of the work shift.

The urine of persons ccoupabionally exposed te cyclohexane was
analyzed within A hours after exposure during a workshift,
Analyses indicated that cyclohexanol and cyclohexanone were the
primary hlotransformaticon products (7, 9, but excretion of
these substances accounted £or be more than ©0.1% %o 1% of the

absorbed oyolohexana (7, &),

For the other eycloalkanes, no data have been found regarding

aither wptake, biotransformation or excretion in man.
Iin one study [11) in which rats inhaled 300, 1,000 or 2,000 ppm

cyclohexane 6 hours/day, § days/week For two weeks, a donea-
dependent concentration was observed in perirenal fat.

Toxic effects

Undiluted ovolopentans, cyclohexane, cyclobeptane and cyclo-

ooctane, as well as 25% cyclododecanc (in peraffinj, applied ta

1

the skin of guinea pige, caused symptoms of frritation and
thickening of the skin, and also affected arginase enzyme
activity in the epidermis. The effect was more proncunced for
hydrocarbons of higher molecular weight (L).

In one expariment 0.2 ml doses of warious hydrocarbons were
placed in the mouths of anesthetized rats, which were thus
foroed to inhale the entire dose. dne of the three animals
which recelved cyclopentane died within an hour or so, as did

twe of the three animals reeceiving cyclohexane, two of three

receiving cycloheptane, and all three of the animals receiving

eycloockane. Cause of death was reported te be heart failure

and asphyxiaktion (3).

In ope inhalation study, micrescopic reversible degenerative
changes wers nokbed in liver and kidneys of rabbits exposed to
2.6% mg cyclohexane/liter for fifty 6-hour periods. Exposure
to 1.4¢ mg/liter nmnwmm no vwisible changes. Exposure to 11.23
mg/liter (or less) for a total of 300 hours caused no deaths or
signs of poisoning (12},

In one Hum.g study (41, in which undiluted cyclohexane was given
crally te rats, it was observed that the substance is less
toxic to full-grown young rats ﬁhuuo = 3% miskg hody weight)
+han te rats only 14 days old :.._um_n_ = 8 mlifkg) or to older
adults nhumc = 1&.5 mlskg). It should be noted that there is a
very small margin between narcosis and death for all oyolo-

alkanes from ecyclopentans onwards (10},

In one epidemiological study (&), in which perszons occupa-
tionally exposed to a mixture of hydrocarbons for one to 25
years were compared with a control group, heurophysiclogical

affects were noted in the exposed group. The main components
in the mixture were n-hexane and cyoclohexane. The aunthorsa

suggest that cyclohexane may have a synergistic effect with
n=hexane, which iz a known neurctoxin.
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Thoye i one case study (2) of keiic newropathy in an individ-
ual who worked painting automoblle bodies. Monitoring measures
nentn showed that cyclohexane (20 mg/m’), acetone (4 ng/nd),
toluene (125 mg/m’), xylene (29 mg/m’) and isobutanol (119
iaxfu_ were present in the air in the workplace. (The valuas
given above are 60-minute avoragas.) The authors believe that
the polyneuropathy could be a result of the toxiclty af oyelo-
hedans .

Inhalation of cyclohexane (16.8 Sﬁxawu by female mice Ffor 0.5
to 3 days induced the liver's mlcrcsomal moncoxygenase {mneyme )
pystem in the same way as did phenobarbitol (5). Thia can have
relavance for casas of slmultansous exposure to cyolohoxans anid
pubatances which depend on the engyms system for biotransforma=-
tion and have toxic biotransformation products. In the same
study (5) it was shown that gyclohexane reduced the sleeping
time caused by hexcharbital.

Mable 1. EBffects on rabbits of lnhalation of cyclohexane ftelaka
from Reference 12).

Done., Time Effect

(mg/m™ )

1,460 S0x6 NI Mo microscople organ changen.
24650 50%6 h Microscopie changes in kidnaey
and liver.

11,230 S0x6 h Ho signs of poisoning.

25,100 10x6 h filight narcosis, increaned
respiration, 1 of 4 animalw
died.

1,090 25x6 h Tremor, loss of coordination,
increased respiration, maliva-
tion; 3 of 4 animals died.

42,400 10x6 h convulsions, slight narcosin,

increased respiration, saliva-
tion; 1 of 4 animalas diad.

¥

as

Conclunions

For most cycloalkanes, there are no toxloological or medical
data which can provide a basis [or establishing occupational
exposure limite.

Por gyelohexane, no visible toxic effactn wore noted in rabbits
axposad Lo 11,230 Bmxiu for 300 houra. Exposura to 2,650 Hﬂxgw
for 300 hours caused microscopic changes in liver and kidney of
wnvvwﬂi_ but no changes were noted with exposore to 1.460
mag/m” .

Therm le ne conolusive data regarding dnteraction effectas
botwean oyclohexans and other solventnm.

It should be borne in mind that eyclohaxana in liguid form can
irritata the skin.
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APPENDIX

Analysis of eyeloalkanes ﬁnm:lnwwu

Cycloalkanes can be determined by the graphite rod technique
(1. It iz alsc possible to take gaseouns samples for later
analysis, using for example a motor-driven syringe [(5}. Several
individual methods are desoribed by HIOaH (2) for cyolohexane
and methyloyolehexane. A range of 100 to 3,000 mesm im giwven
for ecyclohesane, and for methyleyclobexane 200 to 6,000 Emmzu.
In both cases mach lower concentrations sbould be detectable
(2). Cycloalkanes ooeour in many hydrocarbon cotpounds. NHIOSH
(2} describes analysis by the graphite rod technigune of prod-
woks wikh boiling peints From 120°C to 147°C, and from 1547C to
105°C, which oan contaia cyoloallkanes from ﬁm to nHP.

4 Swedish astandard {3} for Jdetermination of total bydrocarbon
conkent im ailr in the workplace ¢an alse be mentionod as a
possible method for cycloalkanes. The wethed is based - on
sampling with a graphite rod, extractien with carbon tetva-
chloride and IR analyaisa. The method description, which is
experimental in nature, mentions no sensitivity limit.

Cycloalkanes Q57 C have & boiiling peint above 200°C. With

L5
increasing boiling polnt there is increasing probabkility of
condengation. The special problems that this causes in samp-
ling and analysis have been discussed in an earlisr Consensus

Beport in connection with oil mists [(4).

Continuous registration of cycloalkanes in air can be done with
direct-measurement instruments using flame icnization, photo-

ionization or an IR datector.
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CONSENEDE REPORT FOR HYDROGEH PLUORIDE
April 25, 1984

This report is based primarily on a ecriteria document from the
Kordic Expert Group for Dooumentation of Oooupational Exposure
Limits [13},

Phaysical and chemical data, characteristics and acourrence

CAS Mo. TEE4-39-3

Syatematic name: hydrogen [luoride

Formula:  HF

Molecular weight: 20.01

Boiling point:  19.5°%C

Fresming poinkt: -83%C .
1L Eﬂ\gw = 1.2 ppm; 1 ppm = 0.A HGESW (20°C:; 101.3 kPa)

Anhvdrous hydrogen f£luoride occurs mainly as ﬁmﬁum_ ar , at
higher temperatures wusually as monomeric  (HE). Hydrogen
Fluoride is a colerless, sharp gas. It is easily dissolved in
vater, forming hydrofluoric acid. Anhydrous hydrogen fluoride
reacts strongly with sodium hydroxide, sulfuric acid, ete., as
well as with numercus organic compounds, bubk has almost oo

effect on glass or metals.

Industrial hydroflucric acid wsually contains from 35% te 100%

HF, @and contains in addition to dis=zolwved HF alao :w0+q F and

water. Tt can ebch glass and disselve guartz and silicates.

HF is usually produoced from Fluorite by treatment with concen—
trated sulfuric acid. Anhydrous hydrogen fluaride is used as a
catalyst in condensabion reactions and as a raw material in the
production of fluorides and floorocarbeon compounds . Hydro-
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fluoric acid is uwsed in <il refining, etching of glass and
metals, and in removal of rust and eanamel from metal obfdects.
HF can occur as a conktaminant in the working envirooment in

aluminum plants and in the clay and ceramics industries.

Uptake, distribution, excretion

Hydrogen flueride in agueous solution diffuses through biclogi-
cal membranes primarily as the undissaociated monomer, HF [23).
Rats exposed to 32--185 mg mﬁxﬁu absorbed nearly 100% in the
upper respiratory passages [(1%). There was a high correlation
betwean flucride concentration in the blood plasma and the
level of inhaled HP. The relationship seems to be the same for
man (22).

Experiments with rats indicate that HF in the gas phase is
absorbed wia skin, and effects on other organs are bthe same as
they are after inhalation of HF (21). Two cases of serious
poisoning were considered Lo resull from skin uptaks (1, 220,

Fluoride is distributed via the bleood te all the organs of the
body, where concentrations soon excesd those in the blood.
Bbout 75% of the fluoride in blood is in plasma and 25% in the
red blood eells {2, 12). The biological half fime in plasma
hazs been reported to be betwesn 4 and & hours (8). Aboot 99%
af the body's total fluoride content is in the skelebton, where
it is reversibly bound in the form of fluocrcapatite ([15).
There is considered to be some rvisk for accumulation with
exposure ko 3.3 mg huﬁcnpmaxzu {gas phase) or 5 anau (dust)
[er higher) {3).

The moest important psth of excretion iz wia the kidneys [6).
giudies of occupationally exposed persons have revealed a

relatively high correlaticn botwaen fluoride concentration in

83

urine after a work shift and that in air in the workplace. In
one study (11) it was oaleculated that & wg F Aliter in urine
corresponded to 1 to 5 mg muxgw. and in another study (l4) that
the same amount of fluoride in urine was related to exposure to
LS Hn\Hh.

A considerable portion of absorbed fluaride is eliminated with
perspiration (4); up to 75% of the amount exoreted in urine.

Toxic effects

Effects on skin, eyes and mucous membranes

Both HF gas and hydroflucric acid have a strong caustic offect
on gkin and cause intense pain., Synptoms are noted fmmediztely
with exposure to hydrofluorie acid in concentraticns of over
T0%; if cencentrations are 30% or less, there can be a latency
time of uwp to 24 hours. HF in concentraticns lower than 1.7
gﬂxgu and hydrofluoric acid with less than aboub 3% HF have
little or ne effect on skin (13). Volunteers exposed [or
sevaral days to HF in a concentration near 3 Hﬂxgw developed
gymptomns in the form of a smarting sensation on the skin and in
the eyes and nose. At higher concentrations there is reddening
of the skin (16,

Exopmination of workers in aluminum electrolysis halls revealed
& significant overfreguency of pharvngitis (throat inflamma-—
Lion} after exposure to an average 1 mg Ltotal mH:aHmnmxau.
With certain operaticns air concentrations were as high as 14
mg mlxaw~ but HF concentrations were considered to be minimal
here,
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Effects on the respiratory passages

Lung edema, often with fatal consequences, has been reported as
a consequence of exposure to high poncentrations of AF follow-
ing accidental emissions (207). In one oase {22) the edema
peemad to ke a result of HF absorption wia skin. There are
numercus reporta of asthma-like complaints among workers in the
aluminum industry (20). The reaction is Jdesoribed as a rever-
sible, nen-allergic, ohstroctive hyper-reactivity reachtion. In
addition to HF, workers wers also exposed to B0q fluoride dust
and other dust onto which HF could have been adsorbed.

Eyparreactivity reactions have not been observed in workers
exposed toe high concentrations of HE during the production of
glass, enamelware or sulfuric acid. These ohservations indicate
that adscrption of HF to particles may make it possible for the
HF to penetrate more deeply into the respiratory passages and
pause the hyperreactivity (13).

Studies abt Ameriecan aluminum works have reported an exooss
mortality due to emphysema (181, A reduction of lung capacity
ocver a work shift was noted in one study of electrolysis

woerkers in an aluminum smelter {L4).

3
Ocoupational exposurs toe less than 10 mg HF/m~ seams to canse
lung damage {asthma-like symptoms)} only if there is simultane—
pus exposurs to pollutants in the form af airborne particles.

Effects on the skeleton

High uptake of fluoride over long periods leads to skeletal
Flunrosis, characterized by increased mineralization of the
skeleton (ostecsclerosis]. Osteosclerosis is generally not
associanted with funckicnal impairment. » simmltansous paloifi-
cation of sinews can, however, cause some pain and difficulty

of mobticn. Mo changes in the skeleteon have been found after
ten to 46 years of exposure high encugh to yvield urine concen-—
trations of about B mg F Aliter {measured after a workshifn).
Iin ong case, osteosclerobic changes were observed in a person
who had worked with HF production for 16 years (240, Thea

twanty-four hour urine concentration was 15 mg F /liter.
Other toxic effects

Ho association has been shown betwesn flucride exposure  and

cancer (B).

After one accident in which thers was a high intaks of #HF, the
patient died from heart failure (22). In another case, where
intake of HF was lower, the patient died of heart failure after
12 days (10}). The heart failure was considered to be a result

of the fact that HF inhibits the cells's breakdown of carbohy-
drates.

Dose-responsaes/dose—effact correlations

100 mog mwxﬁw The highest air concentration +two men
coeuld endure for lenger than 1 minute. The
skin began to sting within a minote,
Irritation of eves and respiratory pas-—
sages [(17).

50 meg mﬁksu Strong irritation of eyes and neose,
stinging in the upper respiratory passages
{17}.

26 mg :wmzu The air <ould be tolerated for several

minutes, Slight smarting of eyes and nose
{17}).



<10 myg :m&gu

3.30 mg waxaw

>2.9 mg :ﬁx.ﬁ.....

1.3--4.2 mg HE/m>

2.65 mg ﬁlmgw

0.02--1.0 mg P /m3
in gas phase and
0.02==0.04 Em&Ew
flucride particles

Urine fluoride
concentratian
10--15 mg,/1

Bxposure to pute HF  seems  to have no

effect on lungs (13, 197,

Average exposure during an average employ-
ment time af 14.3 years in the phosphate
industry. Somewhat elavated akaletal
concentrationa were noted in 17 of T4
perscans. The magnitude of exposure to 1T
was nob reported [(5).

Six  hours. Skin  reddening. Stinging
spngation and slight irritation of the
nose. Wo  demonstrable systemic affects

[leh.

average exposure for six hours resulted in
slight burning of the face and eyss, and

light irritaticn of the nose (16).

pverage exposure during average empioyment
time of 14.3 years in  the phosphate
industry. HWo skeletal changes wera ob-
sorved in 57 of 74 exposed (5).

Ho demonstrable lung eor skeletal changes

in A5 examined aluminum smelter workers

(25},

Exposure to HF for 10 to 17 years resulted

in ostessclerosis  but  ne  sublective

symptoms {24},

Urine fluoride Ten +ao 43 years exposure in aluminam

concentration
& mg/l tafter

electrolysis halls ssems to involve no riek

of fluorosisz (7).

workshift}

conclusions

The critical effect of exposure to HF is irrvitation of the skin

and mucous memnbranes. 1t showold be noted that HF is easily

absorbed wvia skin. he risk of uptake wia the lungs iz ip=-

creased if the EF is adsorbed onto respirable particles.
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APPENDOLX

hnalyeis of hydrogen fluaride and flueorides

Hydrogen £luoride in air can be measured directly with analysis
ampules,; which are reported to function within the range 1.5 to
15 ppm and to be aspeoifio. Ilgh humidity oan disturb  Ehe
roaadings.

Hydrogen fluoride and scolid fluworides in particle form of tan
ocour together in air in workplaces. Sampling of both together

i easlest with the "doubles filter methed". Tha eollection
apparatus consizsts of a holder for a cellulose-acotste [§ltar
backed by a support impragnated with sodium formata (1). Whan

air ie sucked through this arrangement, the particles stick to
the filter and the hydrogen fluoride is bound to the impreg-
nated support. After sampling, the filter holder must lie
woaled in a drying eabinet at 60%, so that the hydrogen [luor-
ida that collected on the [ilter can 4iffuse over ta tha
BUpPOrt .

Analysis of fluoride is done with an ion-specific electrode.
The support is leached with a buffer having a pH batwesn 5.0
and 5.5. This alan contains complex-formers to bind the
divturbing metal ions and a certain amount of salt te malntaln
A constant ion strength. Tha fluoride concentration in the
golution can be measured directly with the electrode,

Since the particles on the [ilter can contain large amountms of
dipturbing metalsa (Al, Fe, eto.), the hydrogen £luorlide in
peparated from the particles by diffusien in a elosed erucible
after acidification with perchlerie acid. The hydrogen [luor-
ide is taken op by sodium hydroxide; and the analysim in done
in the same way with the lon-specific eclectrode. The deotecta-
bility limit for the electrode ls abont 0.2 mg F /liter. In
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the recommended sample volume (30 liters of alr) it is possible
to determine ap little as 0,15 mg ¥"/m’ of both hydroagen
fluoride and solid fluorides.

Biclogical exposure control for fluorides is done by analysis
of urine. After addition of a buffer molution, measurements
can ba made direetly with an ion-mpecific electrode (2). It im
possible to determine as little am 0.2 mg F /liter, correspond-
ing approximately to the lowest concentration occurring in
people not occupationally expossd. For these people, the
fluoride concentration in urine is usually about the same as
that Iin the local mnuﬂrwﬂu water.
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COMSERSUSE REPORT FOR 2-BOTANOL, I[S0BOTANOL AND TERT-RUTANOL
June 6, 1984

Butanol iz an alechol which has four different isomers: l-buta-
nel, 2-butancl, iscobutanol and tertiary butancl. l-butanol is
treated in a previous report (16), =o only the other three
isomars are taken up bere. This document 15 based primarily
on & previously published coriteria document eon butanol and
butvyl acetate (3] which was written at the reguest of the

Swadish Criteria Group.

The butancls are chemically similar, but this dossn't necessar-
ily mean that they bave similar biological effects. Up to this
time, however, studiss of the esffects of butancls obher than
l-butanol are rare, and the information has here been ocollected

in a =single document.
2-bmianol

Ch3 Wo.: 78-92-2

Synonym: secondary butanol
Boiling point: 99.5°C
Izobutanol

ChS Wo.: T8=03-1

Synonym: Z-methyl-l-propanal
Boiling point: 10R.1°C
Tert-batanol

CAS No.: 75-65-D

Synonyms: tertiary butanol, 2-methyl-Z-propancl
Boiling poink: &2.2°C

_....m_ _“._..

For all of the above:
Formula: O, H,00
1479 3 3
1 ppm = 3.03 mg/m™; 1 mg/m~ = 0.330 ppm (25°C)

A1l these isomers are colorless liguids, easily soluble in most
arganic selvents, but they have différent sclubilities 4n
water.

All the iscmers are used as solvents in wvarlous kinds of
lacgquers. f-butancl is also used as a solvent in enamels,
vegetahle oils and rubbar, Bokh Z-butancol and ischutanol are
used in  the production of paint removers, detergenta  and
hydrauvlic brake £luids. Other uses of 2-butancl include fruit
flaverings and perfumes, in which tert-butanol is-alsc used.
Tert=bntancl iz used rather seldom in industry:; some areas in
which it occurs are waler removal, extraction of drugs, re-
crystallization of chemicals, and in cellulose esters and

plastics.

Bxposure to butancl in vapor form, usually mixed with octher
sclvents, may ocour in the textile and dye industriess. Reported
concenkrations refer to total exposure for isomers of bukanol
and are in the range 2 to 20 ppm (3).

Uptake, biotransformatlon, exeretion

ALl the isomers of butanol can be taken up by the respiratory
passages and in the digestive tract, and isobutanol can alsa be
absorbed wia skin (13). 2-butanol seems to be distributed to
Lthe bilood and liver ({5). For the other mmGEmHMM thare iz no

data on distribution.



Wnen rats wers given an oral dose of Z-butanol corresponding to
1776 mg/kg bhody woelght, measured blood concentration was .59
mg/ml after two hours and 0.05 mg/ml after 18 hours (5).

Isobutannl is transformed by oxidation te aldehyde or carboxyl
acid: 2-butanol is oxidized to ketone. Tert-butancl has bean
regarded as impossible to oxidize, but some recent results
indimate that some oxidative breakdown nevertheless doces ooCuy

(1.

A small amount of 2Z-butanol is transformed to gqlucuronide, but
most of it is oxidated to 2-butanone and the secondary products
formed from this ketone. Z-bukancne is exoreted via the lungs,
and untransformed 2-butanol wvia urine [(5). Thers iz no further

data on excretion.

Toxic effects

Hervous system

at high doses, the isomers of butanal have had toxic effecta on
experimental animals, primarily on their cantral nervous

systems. Silmilar hrain damage hae net baen observed in human

gubjects, however. The effects shown by experimental animals
are: narcobic effect from exposure to isobutanol (12)1; intoxi-
cation from all three isomers (17): and waricus kinds of
mehavioral changes from exposure to tert-butancl (&, lo, 11,
15). In the latker four experiments, animals [mice and rats}
were exposed to terk-butancl in concentrations of 1,000-=2,000
mg kg either via food (%, 15} or by injection (10, 11). Two of
the reports (8, 10} refer to mg/kg body weight, but the others
{11, 15) refer to amounts in fesd or solotion.  The kinds of

hehavior affected by the exposuraes Wore mobilicy (100, awvodid-
ance of electrical shocks {15) and some reflexes {11).

In one experiment (14), dizzinesz was reported dn 5 of 7 human
subjects who had been exposed Lo lschutanol fer periods of two
months to two years. However, the report makes no mention of
exposnre levels,

Other effects

Other effects include fat accumulation in bhe liver, demen

" . i - a : i
strated in mice after inhalation of 2Z-butanol, ischutanel and
tert-butancl (18). Accumulation of fats in the liver has also

ocourrad in rats after oral administration of a single dose af
tert-butanol {1,850 mgskg) (2).

Some  accumulation of Ffat has also been observed in kidneys
after inbalation of the three butanol isomers discussed hare

(18}, and in a few cases fat accumulation in the heart was
noted after inhalation of ischbutanol {187.

In one reported ecase, exposure to tert-butanol in suntan oil
cawsed contact eczema in a human patient (6). Isobutancl may
also he m.meﬂ irritant {13}.

Irritation of khe eyes and throat and hlistering of the cornea
Wmﬂm reported in workers exposed to high concentrations aof
isohutancl while lacquering cables {13). The report contains ne

information on exposure levels, howewar,

Some behavioral abnormalities have bkeen noted in the voung of
mice exposed for 14 days during pregnancy to concentrations of
0.75% wo L.00% tert-butancl in liguid food (4). (A concen-—
tration of 0.50% gave no such effacks, however.) This Ay mean
that tert-lmtancl has some teratogenic effaects.

an  increased frequency of malignant tumora was neted in eone

study in which rats were exposed to isobutanol in drinking



1q2

water (7). However, the methods used in this study make it
difficult to evaloate. In another study {9), an increased
frequency of mutation was noted in a cell culture after addit-
ion of tert-hutanol.

popn-affect relationships

in animal experiments, various effects have been produced by
different doses, primarily one-t ima dosean, of the different
imomers aof butanol. A summary of the reported results is

prasented in table form below:

able 1. Relationship between exposure and sffect after oral
intake or injection of the isomers of butanol.

Subatance Amount Exposure Effect Ref .
{butanol) {mg/kg) {oral/inj)
- ne dose lethal 12
o i “Jorall { rabblta)
- ne dose nargosln 12
mAR AR ﬂoﬂmww {rabbikta)
- 690 30 days bohavioral 8
e A ﬁﬂﬂwuﬂ diasturbances
(newborn rats)
s dose fot acoumulation 2
il i ﬂHmeﬂ in liver (rats)
11
- 1, (o one dose lonm of reflexes
SRER H%mxwa in  {infjection) (micod
aolution)

Conclusionn

e i s

for human subjects, the reperted affects of long-term exposure

te jsobutancl are primarily ircitatlon of the eyes and mucous

1%

mambranes, and alsc some digzinesan. Reported cases include no
information on exposure levels.

No effects on man have been reported for the cther isomers,
sxcept for one case of contact ecaems {rom tert-butanol.

Exporimental animals have shown effects on the central nervous
system after exposure to relatively high doses of tert-butanol

or isobutanol. It is not known, however, whether similar
af focts can appear in man.
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APPENDIX

Analysis of butanols {excluding n-butansl)

Isobutanol [2-methyl-l-propanol], secondary butanol (2-butanol)
and tertiary butanol {2-methyl-Z2-propancl] in air can all hbo
determined by the carbon rod method (1), The indiwvidual
procedures are described in the WIODSH Manual of hnalvtical
Mathods (2), which gives the following eoncentration ranges:

iscbutanol 30 — 900 mg/m’
secondary  butanol 45 ~= 850 b
tertiary butansl X A0 -- 750 N

It should be possible to detecth considerably lower amounts with
the same methods (2.

It is also possible to take samples in gaseous form for subsa-

quent  gas-chromatographlie analysis, for example by using a
motor-driven syrings (3).

Batanol in air can be continuously monitored with inatruments
giving direct readings. If an instrument with an IR detector
5 chosen, disturbance from other substances can often he
reduced by choice of an appropriate wavaelangth.,
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1. zﬁﬁwnﬂmummﬂﬂﬂm of Coeupaticonal Safety and Health, Froviag-
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Method & 63 tert-butyl aleohel. 03 Dept of Health wm:nmh
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3. Ovrum P, Lesningsmedelsproviagning 1 luft med motordrivna
sprutor. Undersdkningsrapport 1981:18, Hational Board of

Cocupational Safety and Health, Sol :
Swadish) ' na, Sweden 1S81. (in



CONSENSUS REPORT FOR 1-BUTYL ACETATE
June 6, 1984

CAS Ho.: 123-A6-4
Synonyms: n-butyl acetate, acetic acid butylester

Formula: ﬁm:Hmﬂm .
Boiling polnt: 1257C

1 ppm = 4.75 mg/m*; 1 mg/m’ = 0.211 pem (25°C)

1-biztyl acetate is a colorless ligueid with a fruity cdor. Ifs

solubility in water is relatively low.

1-butyl acetate is ons of four isomers of butyl acetate; the
others are: 2-butyl acetate, isbutyl acetate and tectiary rawwy
acetate. Thiz document discusses only I-butyl mnmﬂmﬁm..snwur
iz the most commonly occurring of these isomers. The litera-
ture has alsc been reviewad for the other isomars, but no
information was found regarding their possible biclogical

effects.

This report is hbased primarily on a previously published
criteria document covering butanol and butyl acetate {21, which

wags written at the reguest of the Criteria Group.

pocurrence in the working environment

1-bukyl acetate is used as a solvent in the manufacture of wm*u
tiles, plastics, artificial leather and coated paper, w:& in
the extraction of oils. Butyl acetate also ooours w: .ﬁﬂn
production of perfumes, witamins, hormones and ﬂjwmdwunpamh
laoguers, synthetic resins and natural rubber. It Wm cmmg.wm
an axtractant in the production of phenol, writing ink, paint

removers and flavoring extracts.

Industrial workers are most often exposed to a mixture of botyl
acotate and other solvents. The concentrations of 1-butyl
acetate measured in industrial environments are around 3 to 0
ppm.  These values were found in kEhe paint and textile indus-
tries and in automobile painting halls, where exXxposure is to
l-butyl acetate in vapor form only (23,

Uptake, biotransformation, excretion

1=butyl acetate is taken up wia the lungs and the digestive

bract, and to some exbent through the skin (5). It is broken
down by hydrolveis in the hloed plasma and the liver:
products are l-butanol and acetic acid.

the and

I-butyl acetate is probably exerated partly in unchanged Fform

and partly after transformation in
the body. The literature contains wary little detailed infor-
mation on bthe metabolism aof l-butyl acetats.

via exHaled air and urine,

Toxic effects

Ekin and mucous membransg

thserved effects on skin are fissures and loss of fat (3). How-

ever, it has not been possible te demonstrate offects on akin
in animal experiments using l-butyl acetate (6],

One case of contact allergy has been reported after sxposure o
I-buktyl acetate (9).

Human subjects exposed to l-butyl acetate for short periods
have developed irritation in the throat at 200 ppm and irrita-
tien in the eyes and oS wr 00 ppm (R, H:.ﬂ:wgmm experi-
ments, similar effects have bheen noted in cats and guinea pigs

at considerably higher deses (3, 1).



The central nervous sSysbham

The odor threshold far l-butvyl acetate has besen reported Lo be
10 ppm (47,

The literatnre contains no  information on the effects of
1-butyl acetate on the gentral nervous system of humans. in
animal studies, however, long exposure (up to 13 hours) to
L-butyl acetate in high concentrations (7,000 to 12,000 ppm}
has been demonstrated to have a narcotic effect on guinea pigs,

mice and cats (5).
Other effocts

The other organs reported to be affected hy L-butyl acetats are
the respiratory passages {where irritation was demonstrated],
liver, kidneys and blood (1, 4, §). In all of these cases
experiments were made with animals, usuwally using high doses of

I-butyl acetate.

In one stody of chicken embryos, 1-butyl acetate injected in
the yolk sac was shown te have sewveral effects (7). The number
of hatched eggs decreased, and with lower deses {% to 27 mg
l-butyl acetakbe psr egg) damage ko the eyes and kidneys was
obaerved. Possible embryotoxic effects to humans can nct be
compented on the basis of this study.

Other effectsz of l-butyl acetate which have been noted in
animal =studiea are woight reduction, weakness eto. In most
cases it has been a matter of high deses (3,000 to 4,000 ppm}
{51, bot &5 days of exposurs to %00 ppm caused weakness din

gquinea pigs and cats (5, 3.

139

bese-effecl relationship

Short-term expoesure to high doses of l-butyl acetate haz cansed
narcosis in guinea pigs and cats. Exposure o low doses has
irritation effects on  human subdjects., Table 1 shows the

dose-effaot relationships reported in various studies.

Takle 1. Relations ' -
affect. itionship between exposure to butyl acetate and

Cone. Exposure Effect
[P b (tima) aslce
14,000 4 h narecsis, lethal (guinea pigs) i, 1
7000 13 h deep narcosis (guinea pigs) I, 1
6,100 6 h light narcosis {cats) 34501
1,600 & h aye irritation (cats) 301
3,300 13 h sovere irritation of eyes and 3
nose (man )
3na 3--5 irritation of eayves and nose ]
min. [mar}
200 i--5 throat irritation (man) 4
mir.
140 highest concentration consid- &

gred by test subjects to
be acceptable with #-hour
exposure [(man}

1-butyl acetate has been shown to irritate the aeyes, nose and
throat of human subjects. fThis effect can be considered the
critical one, since it accurs at bhe lowest concentrations: 200
to 300 ppm.



110

References

1.

AOGINH {American Conference of Governmental Industrial
Hygieniats). n-butyl Acetate. Documentation of the Thresh-
old Limit Values for substances in workroom air. 3rd ed.
1971. Supplements for those substances added or changed
since 1971.

Brusewitsz 5, Wennberg A. Eriteriedokument fér grdnsvidrden:
Butancl och bukylacetat. Arbkete och Hilsa 1%B4:13. Stook-
holm 1984. (in Swedish)

Fassett D W. Esters. In F A Patty [(Ed) Industrial Hygine
and Toxicology Vel II, 2nd ad pp 1851--1RA5. Interscience
Publishers Inc, Hew York L1Y963.

iygienic guide series. n-Butyl Acetate. {(Butyl Rster of
Acetic  Roid). American  Industrial Hygiene Associatico
(1978) 1==5.

Information profiles on potential ocoupational hasards.
Volume 1 Single Chemicals. n-Butbyl Acetate. Syracuse
Besearch Corp, Wew York 1979 (HTIS PEA1-147993) 19--23.

Eronevi T, Wahlberg J, Holmberg B, Histopathology of skin,
liver, and kidnoey after epicutaneous administration of five
industrial solvents to guinea pigs. Environ Res 19 (1273}
Sh--59,

MecLaughlin J, Marliac J P, Verrett M J, Mutchler M K,
Fitzhugh 0 G. Toxicity of fourteecn volatile chemicals as
measured by the chick embryo method. »Am Ind Hyg Assoc J 31
(1964) 252-=-284.

Welsen K W, Fge J F Jr, Boss M, Woodman L E, Silverman L.
Ben@ory response to certain industrial solvent wapors.
Ind Hyg Toxicol 25 {1%43) 282--285.

hoed-FPetersen J. Allergic econtact dermatitis from butyl
acetate, Contact Dermatitis & {1980) 55.

11t

APPENDIX

Malysis of butvyl acetate

All the acetates of the four isemeric butanols can be deter—
mined by the carbon rod method (1}. The individual procedures
are described in the NIOSH Manual of Analytical Methods ({2).
WIOSHE reports the following concentration ranges:

n-putyl acetate 7} == 2130 gnxgw
izobutylacetate o-- z2lon b
secandary  bukylacetate 95 —— 2850 -
tertiary butylacetate 95 -~ X850 n

It should be possible to detect considerably lower amocunts with
the same methoda (2). .

It is alsc possible bo take samples in gaseous form for subso-
quent  gas-chrematographic analysis, for example by using a

motor-driven syringe (3.

butyl acetate in air can be continuously monitored with instru-
ments giving direct readings. If an instrument with an- IR
detector .is chosen, disturbance from other substaneces can often
be reduced by choice of an appropriate wavelength.
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CONSENSUS REPORT FOR PROFYLERNE GLYCOL
June 6, 1984

This report is bhapad primarily on a grltoria document from the
Mordic Expert Group for Documentation of Oocupational Exposure
Limits (13).

Phyaical and chemionl data. Uses

CAS Wo.: 57-55-6

fiyetematic namo: 1, 2=propanediol

fiynonyma:  Mebhyl glycel, 1,2-dihydroxy propane,
methylethylenes glycol

Formula: nu=wcn

3 ¥ ¥

1

Btructural formulad :z.¢.1m. m;-:
OH OH H

Molecular weight: 76.1

Boiling point: 187.4"C (101.3 kPFa}

vapor pressure: 10.6 kPa (20°C)

1 mg/m® = 0.32 ppmy 1 ppm = 3.1 mg/m’ (25%¢, 101.3 kPa)

Propylene glycol is a clear, colorleas, elightly wviacous,
odorless liguid with a weak, bitter-sweet taste. It is hygro-
seople and soluble in water.

Propylens glycol is used as an antifreeze, in heat exchangers,
as a brake and hydraulic fluid, as a selvent in the plastics
and chemicals industries, and as a polvent and additive In the
Food and cosmetlcs industries. Propylene glycol is used to
generate smoke in discothegues. occupational exposure can be
via both inhalation (gas, vapor or aeroscol) and skin resorp-

tion.

Uptake, bhiotranaformation, excretion

When propylene glycol was applied te the askin of human sub-
jeets, uptake could be measured (4). Uptake can increase L
the skin is damaged.

No studies were found which described quantitative resorption
in the lungs, but (&t is probable that propylene in the qoe
phase is resorbed via the lungs (13). The concentration of
propylene glycol in blood has been shown to increase rapidly,
with a maximum within 10 minutes after peroral intake (5, 14).

Propylene glycel ls distributed rapidly by the bloed te all
tissues and organs (7). Within the ecells it can oxidize to
lactic acid and pyruvic acld, which are normal constituents of
carbohydrate metabolism and yield carbon dioxide and water am
end products (11).  In apimal diets, up to 5% of the carbahy-
drates in the food can be replaced by propylene glyeal withoutb
nffecting the animales' development (14).

Untranaformed propylene glycol is excreted primacily wia the
kidneye. Human subjects who received 1 ml propylene glyecol/kq
body weight excreted about 20% unchanged In urine within 8 ro
12 hours (5}.

Toxic effects

Effects on skin, mucous membranes and respiratory organs

birackt application of propylene glycel te the mucous membrancs
of the mouth or the conjunctiva of the eyes results [n a
nlight, temporary drritation {(12). Propylene glycol can
irritate the skin If it is applied under a tight bandage
(ooelusion), but pot Lf it is applied only once to expopnd
wkin. A few cases of allerglic contact ecsema have been rapork-
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ed to result from expesure to propylens glyool in heavy—duty
commercial cleaning preparations, ete., but there have besn no

reports of cases resulting from occupational exposure.

When propyleno glyocol comes into contact with connective tissne
{in zores, etc.] it causes a strong local inflammatory reaction

wiich heals slowly and leaves a scar (7).

Continuous exposure bo propylene glycol in concentrations of up
to 94 meEw [average &9 Eﬂ%ﬂuu for aseveral weeks had no nega-
tive affects on the mucous membranes of the upper respiratory
pasgages of children {8}, There are ne reports of damage bo
respiratory organs resulting from occoupatieonal exposure ko

propylene glycol {(10).
Other toxic effects

Mministration of large Jdoses of propylene glyocol has led te
temporary albuminuria {albumin in wrine}. Intravencus inject-—
ion ecan lead ke intravasal hemcelysis (disintegraticon of red
blood oelis), probably becacee of propylens glyeol's hygro-
scopie properties (&, 14). Histopathological examination of
monkeys and rats after 12 to 18 months of exposure to air
saturated with propylens glycol revealed no abneormalities in
lungs, kidneys, liver, spleen or bone marrow (9), Mdministra-
tian of 1 te 1.5 g/kg body welght in medicine has sometimes

resulted in slight dizziness (4).

Propylene glvcol has not been shown to be egither mutagenic or

carcinegenic (1--3, 14).
Conclusicons

Thera have been no reports of negative effects resulting from

occcupational exposure btoe propylens glyool. Fropylens glyecol

can be considered to have low toxicity. There are ne studies

which can be used as a basis for discussion of oooupational

gxposure limits.
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APPENDIX

analysis of propylenc glycol (1,2-propane diol)

ke method for analysis of propylene glyecol has been publishad,
but there is a published method for analysis of ethylene glyocol
(4} which should be applicable to propylene glyocal. Samples
are taken on fiberglass filters mounted in series with a glass
tubke filled with silicon gel. The extractant is analyzed by gas
chromatography .

Glyools yield trace effects on many gas-chromatographic ocol-
wens; this is the case for the column recommended for the
aboye methoed {4). A variant using another sort of column has
been reported by DiCorica {#). An alternative sampling method
uses an impinger bottle filled with water (1).

A method for determination of propylene glycol in blood serum
has been published (3], It is based an distillation of diol
derivatives with p-bromine phenvlborie acid.
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