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PREFAT

The Swedish Criteria Group for Dccupalional Standards was created dn
1978 within the Depariment of Dccupational Health of the Mational Board
afely and Health (HGOSHT.

of Doocupational

The Criteria Group has the task of gathering and evaluating relevant
scientific information on substances which may presenk an ocoupational
heaith risk, and preparving reports to be used as hackgeound weaterial
for the Board s proposals on cccupational standards (exposure Timit].

Searches Lhae lilerature and collection of material were handizd

sartly by Lhe

prbers of the Criteria Sroup and partly by external
experts who were specialists in the various areas. The resuitant
reports - criteria documents - have heen published separately in Arbete
ach Hilea, a scientific periodical from REQSH.

Far wany substances, the Lrileria Group has drawn information primscily
[=cm the evaluations made by the Mordic Expert Group for the Docu-
mentation of Odccupationral Cxposure Limits, which have also been

ok lished Aroele ooch Halse,

criteria documants and Lhe apinions were discussed within the
Group before they were approved. This is the First published

These concensus reports were reviewed and aporoved by the
Cribaria Groaug up to June 1950,
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CONSERSUS REPORT FOR DBCP
[15879-06-30)

1,2-dibrom=1=chlorpropane {0BCP) is absorbed wia the skin, lunys and dige-
stiye tract, Biotransformation has not fylly been researched,

DECF is mutagenic fov Salmonella Lyphimur fum and Escherichia cali. Meta=
bolic activation increases the mulagenic effect.

pral administration of DECP to rats vesults in cancer of the slamach
squamous epithel fum and causes carcinoma of the mammary qlands in females.
Oral administration to mice alse resulls in cancer of the slomach epithe-
Tium. DBCP voduces the fertilily of rats,

There are no publ ished case studies or epidemiclogical investigations of
Lumors associated with occupational ewposure. Sterilily and reduced sparm
count has been found in occupationally wxpased men,

DBCF is regarded as oncogenic for experimental animels. There is no
information on cancer with human exposure.
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CONSENSUS REFORT FOR METHEYL ICOIDE

(1279-15-30)

Methyl iedide can be absorbed wvia the skin, digestive Lract and jungs.

wetantion of inhaled methyl dodide by human subjects has been measured

at 72 percent. In vats, methyl dodide is biotransformed and excreled gs

various melhyl conjugates.

1ella

Methyl fodide wapor is an alkylating agent and rutaganic for Za

typhipuriem. Intraperiloneal dinjecticn of methyl indide yields a dusa-

. Suboutanecus

svelated increase in the frequency of Turg tumcrs in mi
injection of rats yields local tumors with metastases in the Tungs,
A:mwmmﬂoWuuWﬁmzr_w:onmmmm.&;;mo1mumamam:4:umﬁwﬂmc1{mwmcmnm:nu1

in persons occupaliorn 11y ezposed to methyl ipdide.

Methyl iodide is regarded az oncogenic Toar labormiory animzls. There s
no information on cancer with b

AN CEpAsUre,
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COYSEMSUS REPDRT FOR FORMALDEHYDE
(1979-11-201)

AL oroam Lemperalure, formaldenyde is a coloriass, irritating gas, e

alin is a 37 percent saltuvated, aguasous solution

coluble in water. Fo
of Formaldehyds, usually stabilized wi

methanol fup te 19 percentl.

In the working emvirenment, the most important path of uptake is ¥ia

ares and ski

HCaUs e

Tupgs, Kith direct contact,

i i e cts Wi ated nieh ave
Farraideede s highly reaclive akd reacts with proleins, wmich ave

deneturad with Righ formaldahyds concentrations.

F the people inoa best group 1nuaﬂm¢n noticing the &

of 0,06 mgsm L0L05 opml,

g i " r
cyiohi irritalion of the eves and nose is noticed by e peaple whih

fhey are By
o odirritation becemes more obvicus when Lhe concenlration reaches
=
2.4 ma.
of thne eves, and 10 percent

Lol =

sed Lo zir conceptrations of D.4-1.2 mofm [0,3-1.0 pamlt,

= ivritali

Fopercent of A test group repo bad 2xtr

Vs
L} 4

aderate jrritation.

2

concentrabions of 1.1-1.19 myg

a number of
3

this becomes seyare drritation.

roat, ak &.8 mg;

eiing in the

d. Irrilalion dincredzes
L

isappeats quickly When exposure is terminat

125

ntolerable For

alang with the degree of expasure, and becy w
i x . . ] A : .

pecple when air concentrations peacn 12-18 mgda” {10-15 pprd, al which

sney begin bo smparience coughing fits and shortness af breath,

L4 o -

tration of Ol Jcnw (50 ppm) produces severe frritalion in the
| tubes, and 240 mg LN ppam) can
in the bronchial subes.

i

be effecied.

aple expericnoe dryness

auze serious damage Lo the

Formaldehyde is aliergenic. Allargic reactions most often affect Che
skin, but can also affect the bronchial passages.

There have anly been a Fow studies of possible hereditary damage or car-
cinegenic effects, and the evidance s inconclusive.
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CONSENSUS REPODRT FOR CHROMLUM

The use of chromium and chrome compounds has been suwmarized in a prose-
moria (1) at the reguest of the criteria group. In Sweden, chromite cre
{trivalent chromium) is widely used in the production of chromates and
sleal (eg stolnless steel). Trivalent chromium 18 used a8 a pigment
(chrome green) and in chrome tanning, Hexavalenl chramium compunds are
usad 1n 14thography, but their main use 1s as chromic acid in metalli-
zation and chromating. Water-soluble hexavalent chiromium compounds are
alse found in welding gases when plated electrodes are used in welding
stainless and high-alloy steels. Chromium also occurs with olher kinds
of welding in sparingly soluble form, the valence of which has not yet
peen estal]ished, Exposure to chremium also accurs with polishing,
cutting amd welding of steel and of surfaces coated with rustpraofing or
paint containing chromez, as well as with spray pafnting with such paints.
These pigments are sparingly soluble.

Uccupational exposure Lo hexavalent chromium compounds, particularly
chromic aeid .H_.n__wf can result in hypersensitivity (skin allergy),
ippitatlon of the mucous membranes, and perforation of Lhe nasal septum,
as wirll 8% concer in the respiratory passages (7,200, Those cancers can
proobably be initiated at exposure levels Tower than Lhose necessary Lo
causit perforations of the nasal septum. Skin allergies are a result of
direct contact and thevefors can not be used as & basis for exposure

limits applying to air concentrations.

tncogenic effecls have been cbseryed with occupaltional eapasiure to sore
Wanavalent chreome compounds (2-6). 1t has not yel heen possiole Lo come
plelely explaln the underlying mechanism with experimental studies. Hexa-
valent chromium is reduced in the organism to telvalent chramium, which
shows strong bonding Lo macromclecules such ay proteins and nucleic

acids (2, 1), 1% seems as though the diflerent solubilities of the warious
chrome corpounds can imply different grades of ritk for mucous rembrans
damage amd tuears {7, 3). Reports published so far seem to indicate that
facture of cortain chromate

the wigk for cancer 95 grestest with the o

plgments (sparingly seluble compounds), and 15 Tess with chromating
[water-soluble compounds} (2, 3, 6}, On the basis of prasent knowledge,
it would be unwise to exempt any of the hexavalent chrome compounds from
Lhe suspicion of having carcinogenic gualilies, There s so far ne basis
for assuming a cancer risk with the manufacture of ferrochromium or with
wirleling,

Trivalent chromium can not penetrate the cells to any nekahle extent.
Exposure to trivalent chrome compounds probably doms not constitute an
increased cancer risk for man. Avzilable data indicate that metailic
chromium and trivalenl chrome compounds have low toxicily (2, 2).

Hith chromating, aiv concentrations in excess of 0,1 iy of chramic acid
[probably n_.c...._”_ per cubic mater of air have caused daiage Lo the muccus
werbranes of the nuse (4], In the wanufacture of sparingly soluble
chromates {zinc chromatel, concentrations of 0.5 a_u?u o more have hesn
associated with a significant increase in the frequency of lung cancer
{50, Information on cancer frequency al lower exposure levels is exlrere |y
scarce. The detection 1imits for measurement of chromium as an air
pollutant are sorewhere below 1 microgram per cubic meber of air (7). It
o posiible Lo distinguish hesavialent chromium compeinds From Lrivalent
compeunds by chemdcal analysis, if the compounds are water-soluble.
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IHSEXSUS REPORT FOR TRICHLORIETHYLENE

[1979-12-14)

Senonyas: tricnloroethylene, TRT, ethen, trichlorop-
Boiling point: 87% at TEO g

umbf=ﬁ;1“_aﬂsuu:.6 pom

avy given below is based primarily ohoa rewly publishad survey

TEI is wsed in large guantities as a <leaning and degeeasing agent for
matal parts, atc, often in special ann1nm ing halls. Exposure with this
use s as a rule not more then 160 me_u. With open use, as with vulcani-
zing and gluing of rubber and plasiic products and in industral laboratoey

v 3 N
work, exposures can oexceed 00 mg/mT. In recent years, use of TRI has

decragsed considerably due to its replacement by other ggents such a
1,0 =Lrichlarehane, Waen heslad Lo muﬁ-mﬁ._._a_wu TRD can yiald phosgens
ey of TRI

generally contadin stabilizerss, which can sometimes ezpliain

gas, which is a powerful lung ireitant. Industrial o

£ i Lagan i
effects, eto [#].

Fitiy bo S0 percent of fhe amount inhaied 5 absovbed. With higher adr
concentrations or heavier work, the relative uptake is reduced. Sore of

che gcunt Liken up 78 retainad din adipose Lissue, but within a few davs
3570 percanl of the absorbed arounl s bictransformed znd the transforma-
Lion producks excreted, primerily dn urine. The rest is axhaled, Sio-

Lransfor

ion can be accelerated (induction) by some substances, and
retavded by others (such a2s alchehols].

The table shows the effects of different lewvels of TRI.

It should be mentiored that there have been no reports of reduced reac-

tion time (3} or of demonstrated allergy.
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Mutagenic effecis have been demonstrated ip shovt-Levw tesls using micro-

organisms {1). TRI also shows effects in cell transformation tests. In

a long-term sludy in which wice and rats were exposed orally to trichlaro- 1.
ethylene, Lhe wmice, but not the rats, showed & dose-related increase in

the frequency of spontaneous hepatoce)luler carcinomes (4). However, thess

studies do not provide adeguate basis for assuming the exislenca of a 2
cincer risk for man, In an epidemiological study of degressers with seve-

rin] years of exposure %o levels of 160 __._P___:w or higher, ne increased

froquency of cancer was observed (5],

Toble 1. Effects on human subjects of exposure Lo different levels of TRL.

WG ___i,__u (3000 ppel -

2700 mg/m® (500 ppm}:

500 wg/m® {100 ppm):

400-1100 mg/a” (75-206 ppea)

250-500 mg/m® {50-100 ppm):

100500 mg/m® (20-100 ppm):

loss of consgiousness; respiratory and/or
cardiac Brrest

damage to Lhe brain, peripheral nervous
system, Tiver and kidneys

winor neurovegelative symploms wWith short- 2
-term exposure, Mingr psychomolbor syroioms/
disturbances, Reversible EEG changes,

chromosome changes in blood celles after
several vears of exposure.

minor irritation of the mucous membranes.
Heurovegetalive symptoms with prolonged

BXPOSUrE .,

detectable by smell,

17
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CONSEHSUS REPORT FOR CALMILS

[19B0-01-18]

i 3 I g AR rikar
A pro memeria has vecentiy been drawn up at the request of the Creit

Group ().

stabilizars in

Fadrivm and cadmiun compounds arve used gs pigrents;

plastics; “n alloys (eq cadmium silver soldary;

and dn alkaline acow
roed; the higher
1 such as those in smoke.

|-

laters. Ten to 40 percent of the anount ipmaled is &h

Figures appiy Lu small particles (<5

Fadmium can enker the body through cccupalional exposure and 2750 wia

iy : e - e 1
care foods contaminated by artificial fertilizers, ete. Byerage dail
intake fn Sweden is about &0 ugfday, only about b percent of which is

cunt -

W
k)

vesprbed, Snuff and olgaretbes make some contribulion to this

is pstimabed that smoking 20 cigarelies adds akout 1 ww of cadmium

Lo twe body. Heawy srokers in vartizuliar can show a 0 percenl increase

in pody burden.

Ui is srcroted from the Lody very slowly, usually about 1ougleay

fedrca .01 percent of bady burdent, mainly wvia urine. With kideey

wrease Lo considerable amounts. The normal

damage is pxorelion cin

Biclogical half-1ife is guite long - about 15-30 years., Most of tha

abzovbed amaunt i stoved in the 1iver and kidneys. The critical level,
it which there ara observable dysfunctions of the kidneys, s about

200 ugiy of kidney cortex (21, This corresponds tooa bolal body burden

af 100-700 ae, If this Teeal 95 easceeded, wrine concenbr Lians of low-ra

ins such 25 /A,

Lrecretizal caloulations ,_h of the exposure lavel which w

sra are detalial

fecuiar pro icroglobulin increase 31, 1

il praduce
tnic eribical comcentration in the kidney corlex. Based on 2 Bintogical
hatf-1id mowith arRalation, @ir
AT~

neentrations would have to ke 13 ug/m

of 15 years and a 25 parcent absorpt
3

This aasumes an exposurve of &

hours per day, #7% days per year, ower 25 yeavs.

19

Ine study has reported increased proledin excrebion in awver half of a group
af workers exposed for several [20-40) years to vespirable cadmium in con-
centrations of about 21 :mxsw. The Tong-term significance of a sldghtly

increased protein excretion of Lhis Lype as far as health is concerned is

sEill not clear.

BoAn-50 percent prevalence of proteinurea has been reported in subjecls

croosed for many wears Lo respirable cadmivm 2t concentrations of 20-100

ust be pointad aul that in studies where increased protein
excrelion kas been found, there iz great uncertainty regarding the cad-
T Concen

rations each individual kas been exposed to, and oflen con-
siderable pncerlainty regarding the concentrations af respirable dust,
Inz Tatter i5 extremely important, sirce abscrption dis highesi for this

Maction.

With major kidney damage calcium mefabelism is alsa affected, and incresz-
fraguercy of kidn

rosthones has earlier been obsaevad Wilh exposyre

tevals considerably higher than Chal presently @i lowed in Sweden.

Shoevi-Lerm 2xpasure To a high no::njﬁ1wﬁdoﬁ of small (< % um) particles

of cadmium din dnhaled air (30,95 mg n_x: I zan cause changes in lung

tizzue (pnegmonitis]. Poisoning, sometimes fatal, can cccur after eight

howrs of inhalatian ol -5 amh}u. With prolonged exposure to Tower air

concentrations (0.1 Juajm Lhe kidneys are Lhe crilical organs.

Tnere are some epidemiolfagical surveys which indicate sowe connection
between prolonged expasure to high concen

Lions of cadmiom and dncreased
fraquency of prostabs cancer. An experl group asserbled by WHOD, howsver,

nas recently declared this data inconclusive. There 95 no sure data on

exposure levels, but they were cerlainiy several Limes as high as thoze

prazently allowsd.



e cadmium concentrations which have been mezsured n huan erbryos are
patremaly Tow, and risk for demage to the embryc is therafare considers
: ) . !

to ke negigible.

Cadmium uptake wia inkalation is hignly dependent on parbicle size, bul
in additicn i can be difficull te estimate ine proporbion taken up via

faads and tobecce conlaminated in the workplace.

i ' i | "hi i TIE ; mlral"
Untake of cadmium can be estimated by a iological Bxposure cu

wh
of tokal and fo-microglobulin in urine provide informabtion an possikle

1 measures cadmium consentrations in kiaod and wrine, Measurements

i i i i) i - dirg this il Loring
changes in kidney tissue, Divectives regarding this Lype of manil dy

i i ! . "
as well as for air analyses, are given in the Hat onal (Swedish) Board
, Mo, 123 (1978},

of dccupational Safety and Health Directive ™Ca

i] Friberg, L.: Criteriz document for Swedish occupational standards.
. Arbete ock Hilsa 1980/, (e Swedish with

ensed

T

tnglish version].

Ma

foels, H., et al., Lancet [81049) prerwy 221,

3. ilansén, L., Ejellstrdm, T. och Yesterbarg, 0., Inl.

Enwiron. Health 40 (1577] HPE-ERE,

4.  Lauweryi, R.R.. etoal.: Epideminlogical survey of workers e
fup, Aroh. Environ. Health 28 (19741 145148,

ReTarence

COMSEMEUS REFORT FOR p-AMIROAZOBENITNG

Craa0-07-2a)

p-gminoazobenzene (aniline yellow, ARG, d-{phenyl-azu) banzenamine)
(Color Index Ha, 4

00; CA5 Ho. B0-09-3) consists of golden brown needles
with a bluish Tuster. It has & melting point of 124-126"C. AR is soluble
in

e solvents and somewhat scluble in water, [t can be used as a

in Tacguers, wWaxes and styreng resins, and can ooour as an inker-
madiate reactant in the production of some coloring agenis leg diazo dyes],

in Sweder, ARG is used din some plastics industrizs [9].

1 oinjection into the peritoreal cavities of rats, Lhe substance has
caveed Tormaticon of mathemoglobin, with a consequent reduced capicity lor
oxygen transport, in red Blood cells (6. Like other arcmatic amines, AAR
is transformed wilhin Lhe organizm te N-hydroxylated products before
sxcretion (81, The substance was been tested for

Itagenic and carcino-
ganic activity. It has been possible to demonstrale mutagenic activity
an bacteria after metabotic activation {1, 2, 7, 11}, bul nol on fruil
Fties [Cemerc et al, 1949, cited in Reference 4). Ine

gased frequency of
Tiver tumors [carcinoma 2715, hepatora 5160 has been observed in rabs
after administration of Z000-10000 ppaoin Food Foroup to 104 wesks (6]
Skin tumers (100%) have been noled in rals whose skin was peintad bwice
a week auring their enlire 1ife span (3}, In frogs, an overfregquency of
bidrey tumers (adenocarcinomas) was noted after injection of 0.3-0.5

A8E Gnto Lhe kidnays (10). Other animal experiments can not be cvaluated
bacavse of shorloomings in methodology (4], On the basi
inf

of the available
ratior, AAE must be regarded as a carcinogenic substance.

1. Ames, BUR, st ogl: Carcinogens are mulagens: a simple test syslam
conbining Tiver homogenates for activation and bacteria for detec-
Lion. Proc. Hat. Acad. Sci. 70 (19731 2281-2785.



Andersen, B.P. and Styles, J.A: The bacterial mulation test. Brit.
J. Cancer 37 {1378) 924-930,

Fare, G.: Rat skin carcinogenesis by topical applications of some
aro dyes, Cancer Res, 26 (1966) 2406-2408,

|ARC Momographs on Lhe evaluation of carcinogenic risk of chemicals
ta man., Yol 8. Int. Agency Tor Research on Cancer, Lyon, 1975,

Kivby, AH.M. and Peacock, P.R.: The inducticn of Tiver tumours Dy
4-amincazobenzene and its K H-dimethyl derivative in rats on @ re-
stricted diet. J. Path, Bact. 59 (1947) 1-18,

Lin, o. K. et al: Methemoglebin-induced by carcinogenic aminciesn
dyes in rats. Biochem, Pharmacol, 21 [1972) 2147-2150,

“c Cann, J. =t al: Detection of carcinogens as mitagens in the
Salmenella/microsome test: Assay of 300 chemicals. Proc, Mat. Acad.
Sei, 72 (1976} 5135-6139,

Sato, K. el al: Studies an the Nehydresplation and carcinogenicity
of 4-aminoazobenzene and relaled compounds, Cancer Res. 26 (1966)
1678=1687.

Sjdstridm, B, and Holmberg, B.: A toxicological survey of chemicals
weed in the Swedish plasties industries. lnvesbigation Report
1879:4, Mational Board of Cccupational Safely and Health Stockholm,
(In Swedish].

Strauss, E. and Matevko, 6.M.: Chemical induction of neoplasms in
the kidney of Rana Pipiens. Concer Res, 2 (1964} 1565-1877,
Yahagi, T. et al: Mutagenicity of carcinogenic azo dyes and Lheir
derivatives. Cancer Letters 1 {1976} 91-95,
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CONSEMSLS REPCRT FOR 1,2-DICHLORETHANE
{1980-07-20}

1.2-dichlorethane (ethylene chloride, CAS Ko, 107-06-2) is used as an
intzrmediate resctant in the synthesis of vinyl chieride, and is also
used in the production of methyl chioreform, trichlorethylene, per-
chlerethylena, vinylidene chloride and ethylane amines (1), 1t can some-
Eimes be found as an pdditive in Teaded gasoline, Further uses ave as
extractant, degreaser and foaming agent.

1.2-dichloretahne con frritate muiccus membranes and afr passages, and
camage Lhe Tiver and nervous system (2], It casily peretrates the skin.

The substance 18 mutagenic for barley and for Salmnenello, beth with

and without microsomal activation {3). It also causes mutations in fruit
flies, 1, 2-dichlorethane is bictransforred to chloracetaldehyde, whica
is mutagenic for Salmenella.

Givern ovally Lo mice and rats (3, &) 1. 2-dichlorethane Induces dose-rela-
ted tumer Teraation, Inbred mice were given Lime-weighted average doses
of 195 my/kg/day for wales and 290 mg/ka/day for females in the highest
dose groups, and 9/ rg/kgfday for males and 149 wg/kg/day for females

in the lowest dese groups. The substance was administered 5 tipes per
week for /B weews, and dosage had to be adjustad a couple of times during
the study, Increased incidence of tumors was observed in Lhe manina -y
glands, forestomach, spleen [hemangiosarcomas), |ver (hepatocellular
carcinomas) ete,

Pats were given Lime-weighted average doses of 95 mg/kg/day for both
maies and Females, per os O days per week for 78 weeks, Increased tumor
incidence way observed for the forestomach and wamnary glands of both
sexes, and the males showed hemangiosarcomzs in various organs.
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fhare are no epidemiological studies ef human exposure in relation Lo

cancer accurrence.

{,2=dichlarathane iz regarded as 4 carcinogen. For both mice and rats,
the substance scems to be wore potently carcinogenic with oral admini-
stration than cther hydrocarbons = sy chloroform, carbon tetrachioride,
perchloretylene, trichlorethylens - studied by NCI.

Referonces

1. NWIOSH Current Istelligence Bullelin 25, Aoril, 19, 1978, US Depart-
menl of Health, Education and Welfare, Washington, 1978,

¢, IARC: Monographs on the avaluallon of the carcinogenic risk of chami-
culs Lo human. Vol 20, Internstional fgency for Research on Cancer,
Lyen, 1979,

MIOSH: Criteria for a2 recommended standard. OHEW Publication Mo
IMIOSH) 76-12%, WashingLon, 1976,

a

4, NGl Technicz] Report Servies No b5: Bicassay of 1,2-dichloveethane
for possible carcinogenicily. DICY Publicaticn Ne [HIH) 78-13G1,
Kashington, 1378.

COWSENSUS REPORT FUR METHYLEME CHLORIDE {DICHLORMETHAME)

L1980-07-29)

CAS Mo, 75092, | ppw = 3.48 mgfe

Odor threshold 18 given at about 730 ___..“:..._ (210 ppm)

Hote: If rethylene chloride comes into contact with open Mame ar Righ
heat, it can farm phosgene gas.

This sumary is based on & criteriz document published by the Herdic
Expert Group for Documentation of Occupational Expesure Limits 1), with
cevtain ndditions,

Uptake

With cccupitiona! exposurve te methylene chloride, most uptake is via the
respivatory organs, Uplake of methylens chloride vapor {5 shout 50-55
percenl of Codnhaled ameunt while vesling, about A0 percent with Idgnt
work, and about 25 percent with heavy physical labor. | ike mary ather
solvents, methylene chloride is resovbed remarckably well through the skin
{2}, For methylene chioride in 1iguid form, skin uptake can under suma
circumstances be large enough to contribute significantly to the appsa-
rance of koxle affects.

Transformat fon

Hethylene chloride is transformed within the body to carbon monoxide {1},
and the rasulting 00 concentrations in the organism are the crilical
factor an which Lo base discussion of exposure Timits, 1t should, howeyer,
be remembered that dnhaled carben monoxide and that foved From wethylens
chloride may have diffevent effects at the cellular level. The cummaticn
effects of methylene chloride and carbon wonoxide may also have some
signifi (g il Lhare is npe data an this,
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coae idea of tne significance of carbon monnzide Tormation <gn De oblaired

arisons w

irdirectly - with the shove-menlioned reservations - by o
. pffects of inhaled carbon aonoxdde. In the low-dose rarge relevant in
e

this contest, carbom monoxide inhalation sffects the cardiovascular syst

and has tosic effects on penaviar. In an assessment of cavbaon manaxide

made by MIOSH (40, it was concluded that to awoid these effects expostrues
vpsults in a B percent carbon mencxids

should be held below the level whi
saturation of bleod hemsglobin [BE COHBY.

Tnis degres of saturalion corrd ponds to 2 slate of equilibriom with CO
concentrations of shout 35 pproin dinhaled &1, for non-simkers, Heavy

weing can centribute up to 10% coHn, anc more acderste smoking aboul

fE Tris deqree of saturation is added to that due to the CO in tne

supraunding air andsor Dictranslorm jon of methylens chlorice.

Smomg the individual Tactors which dncrease sensilivity to 20 should ke
menlioned reduced hemoglokin concentratiens in the blood, ig anzmia of
warious sorts, Environmental factors wilh a s pilar effect includs raduced

cwvoen concenbrations in nnaled air, as 2t nign aliitudes.

fcute and chronic effects

Frpostre to 280 qmuam of methylens chloride for 73 norus par cay on five

consecutive days nas bean shown Lo produce a E¢M_E=s 5.7% [OHo in non-
—spokers, The same lenglh of esposure ba 175 mygdwT wiclds aomaxirum COHD
value of 7.9%, The half=Tife of COHb is ch tenysr Tor carbor menoxids
criginating Trom methylene chiorida than for inhalad ©O. This %5 largely
due to the fact that methylene chinrdde is accomulated in fally Tissue,
From which it is graduslly redisteibuted. The half-Tife of melnylens
about 8 hours {51, There is probably

cilaride in subcotzneous Tat is
no day-to-day accumulation of rethylene chisride in fatiy Lissues if

the exposure lavel at work does not esxceed 250 mgimT.

I
i

A5 with otner solvents, whan the effects of air concentralions of methy-
Tene chloride are assessed it s neceszary to consider the possible

affects of physical excretion. Exposurs to a parbicular air concenlrabicn
results inoan addition of about 0.5 g COHo per 100wl Llood hath al rest
and during work, corresponding to 3,25 COHb with a nov

T hemagiabin
concentrations of 15.4 /100 w1 of Blecd (4], COHb content rises holh
durding and afler exposure, and rises more rapidly during rest than
during physical labor. The reason for this is probably that the 00 is
exhaled mare rapidly during work than during rest. These results dmply
that in discussing the COHL concentrations corresponding to 2 given
methylene chioride concentreation in dnhaled aie it is nob npecessary to
consider Lhe increased production of 0O resulting from Lhe grealar
absolute uptake of methylene chlaride during physical exerlion. Un Lhe
pther hand, Lhe nervous system is affected earlier if subjecls ars
exercising during exposure. These effecls, however, do nol occur unless
concentrations dn dnkaled aiv are considerably higher than those associated
with a COHE concentration of BT

[r oaddition tp this dindirect evidence of methylens chloride's toxicity,

Lhare are zome direct observations of effects which may be connected o

Fan panexide Formation. There are case descripbions of wmyocardial in-
farel and CEG changes associated with high exposura Lo methylene chloride,
Feplonged exposure to low concenbrations {ca 100-420 smxauu has not been
found to vesult in dncreased mortalily from heart disease (7).

With air concentrations of 300 amwag or highar there have heen ohserva-
tiong of varicus acute and possibly chronic effects on the nervous

zystem.

Spacial chronic effects

“othylone chlovide has basn shown io be mutagenic in the Ames' test, and
has alsa been found to cagse malign cell transfarmations in ancther
Biclogical madel sysiem. .
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As to carcinogenicity, the above-mentioned cohort study (7) of workers Refersnces

exposed to alr concenlrations of around 100 to 420 Hauiu gave no eavidence

of increased mortality in any form of cancer, 1.

Wilh regard ro prenatal dasage, Lhere are some cbsevvations of distur-
bance in caleiffcation of the sternum in rats and mice whose mathers had
Leen exposed Lo a relatively high dose of methylere chleride during

pregnancy.,

There are no descr iptiens of allergic reactians to methylene chloride.

The effects of methylene chloride can be susmarized as follows (1):

Ca_3500 mg/n’® (1000 pon)

Dogs and ronkeys exposed continuously Tor Tour weeks showed some effect
on the Tiver, Continuous exposure For 14 weeks produced %idney changes in
rats. Headache was reported by 2 of 3 experimental subjecls after cne

hour.

Ca_ 1000 _wﬁ,ﬂ,.zw..ﬁ:_a i)

The lowest concentration at wich effects are observed in psychookysio-

logical tests, A1l subjects tested after two to four hours exposure sho-
wed dmpaired performance in the Critical Flicker Fusion Lesl., With expo-
sure gver Tour hours, performance in a vigilance test was also affected.

Ca 350 g_m___:.au LI )

Expozure for 7.5 hours per day for five consecutive days can cause COHb
walues to exceed 5%, Values return to normal after a weekend without

BRpOSUTE .,

Ca 175 mg/ ppe )

Expozure for 7.5 hours per day for Five consecutive days yielded no COHb
valves over 3%, Yalues return to normsl overnight.

Hordic kxpert Group: 5. Mathylene chloride. Arbete och Hilsa 1979:15,
LIn Swiidish),

Stewart, H.D. and Dodd, N.C.: Absorption of carbon tetrachioride,
trichlorvathylene, tetrachloroethylens, methylene chloride and

Vel t=trichloroethane through the human skin. Am, Ind, Hyg. J. (1964)
A1 =446,

Stewart, R.D., Fisher, T.N., Hoske, M.J., Pelerson, WJ.E., BarelLta,
E.0. and Dodd, K.C.: Cxperimental homzn exposure Lo wethylene
chloride, Arch. Environ, Health 25 (1972) 32-348,

NIOSH: Criteria for a recommended standard, Decupational exposure Lo
carbon monoxide. 1.5, Departsent of Health, Education and Welfare,
Washinglon 1972,

Engstrém, J. and Bjurstrém, R.: Exposure to methylene chioride.
Concentration in fatty tissue, Arbete och Hilsa 1977:9. Lin
Swad Ish),

Astrand, 1., Ovrum, P. and Carlsson, A.: Exposure Lo methylene
chleride. Concentration in inhaled air and blood during rest ard
work, Metabolism. Arbete och Ifdlsa 1974:9, (In Swedish).

Friedlander, B., Hearne, T. and Mall, S.: Epidemiclogic investiga-
tion of employees chronically exposed to methylene chloride. Mar-
tality analysis. J. Occup, Mad, #0 {1978) GS7-GG6.
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COWSENSUS REPORT FOR STYREME

{1980-02-29}

CAS No. 100426 % ppm = £.25 j_maw

This summary is based on a criterie document published by the Mardic
fapart Group for Documentation of Ocoupational Exposure Limits (1), wilh
dome odditions.

Uptake

Mast body uptake of styrepe vapor occurs via inhalatjon, About 65 percent
of the ameunt of styrene inhaled 18 absorbod, regardiess of whethey axpo-
sdre occurs during labor or vest or during the first ar second half of
the work shift. The health risk asseciated with skin uptake of styrene
vapar 1% negligidle, but under somé ¢ircumstances slyrene in liquid form
con be Laken up by the skin in appreciable arounts (2.

Mete effects

Acute subjective symptoms such as abnovmsl faligue or feelings of Intoxi-
cation have been reported by workers exposed to levels of 35-470 lm__.l__
(20-100 ppm). Further, impaired performance has been demonstrated in
tayts of perception, coordinatien, vigilance and reaction time {3, 4},
An dncreased freguency of abnormal CER resdings has been reportad Tor
wWorkers exposed for long peripds to levels of 290-420 smagu (3, 5). With
short=Lerm exposure (30 minutes), impaived performance is not noted ualil
concentrations excoed 420 _.__-._.__,i..._ (100 ppm} (6). It is mol clear whether
or nol Lhese effects remain after exposure is terminated. Investinations
of poople employed in the manufacture of plastic boats (7)) have shown
that repctlon time is affected by concentrations around the occupationa!
exposure Timit. The affect could also be observed 15 hours afier expos
sure was terminated. Sowe recovery could be noted after fonger exposure-

~free periods (B).

n

It is imporitant to consider the Tact that styrene uptake increases with
physical effarl; effects can thus be excepled with lower air concentra-
tiens, With acule exposure during rest, a signilficant increase of reac-
tion time was demonstraled with a tetal styrene uptake af 600 mg (9) - 2
level reached after about two hours of exposure to 200 ppm in inhaled
zir. With a degree of physical exertion not uncosmon in industry [lung
ventilakion ca 20 l{ters/minute} the same level is reached after zbout
4 hours of axposure ko 4 concentration of only 0.21 mg/l {50 pom} ().

._”.E__;_.A.,.ln__,_ﬂz.ﬁ
Styrene eaposure has been associated with increased frequency of chromo-
some abevvations, in animal experiments as well as in occupational groups
exposed Lo styrenu, [n the latter case, an Increase was noted with expo-
supe to alr concentrations of 20-4C pom, Since Lhe publizalion of the
Nordic Expert Group's report {1, new informations on styrene’s carcino-
genicity has becowe available. In 2 newly published study (10 in which
mice and rals were given the maximum tolerable dose (MTD) orally five
Limes per week for /8 weeeks, no overfreguency of tumors was cbserved
inoany argan, dnoepldembotogical study of valnforced plasbics workers
exposid Lo styrene (11} did not find evidence of increased morbidity due
to tumer diseases. This study allowed no definite conclusicns regarding
the carcincgenicity of styrene, since both exposure timet and cbservation
timas were quite sherl.

The visk al allergle reactions Lo sbyrene seems to bo minimal.

The effects of exposures to concentrztions up to 500 ppm can be suwarized
as Tollows (19:

£20-2100 wg/n® (100-500 pp)
Kith 918 mg a__a..__‘._w.i____su of air (216 ppml, freitalicn of the eyes, nose and
respiratory passages is apparent within 20 minutes; fmpaired performance
in tests of vesction Lime, coordination, etc; funclion of peripheral

nervaus system affected {exposure Tevel not clarly defined),
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210-420 i’ (50-100 ppm)

Performance is affected in tests measuring visual perception, psychomator
furctions and vigilance; incressed frequency of abnor

I EEG readings.

05294 g/’

{£0 ppm)

Increased frequency of chromosome aberrations in the lymphocytes of
oceupationally exposed workars ) impaired performance in Lests of visus)
perception, coordination and vigilance; abnermal Tabigue and symptoms
of intoxication were vepovted by exposed wovrkers more often Lhan by a
control group.

i low 85 m /{20 gpn)

nn_Emcwfawﬂdmn=wr1r.u_¢_+m.w§aa1 nnuwﬁzwaah of air produced effacts

on the erbryos.
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CONSENSUS REPCRT FOR TETRACHLIRETHYLERE

L1080-02-29)

Synonyins: tthyleme tetrachlorethylene per, peve, perchiorosthylens, tetra-

chlorelhene.
1 ppm = 6,89 am_:__. 1 am}_ﬂw o 010 ppm

The following survey is based primarily on a veport recenlly published by
the Mordic Expert Group for Documenlation of Occupational Sxposure Limits

(.

Tolrachioretnylene at roon tenperabure 18 o colerless, transparend,
non=flommeble 1iguid which is used primarily as a ary cleaning luid,
{al degreasing agent. 1T can also be

and to a lesser extent as an indu
usid in Lhe extraction of oil-soluble substances and 33 an intarmed ale

reactor in the production of Fluoridated hydrocarbons.

qeenrntion can occur win the lungs, the digestive Lract and tne skin,
._.__._n._"..c.}“_.._.:w. ..3 meference 1 (page 9), during eight hours of expesure Lo
100 ppm retention érops Mrom an initial 91 percent to 36 percent, and
averages 48 percent - ie, with prolonged exposure, retenbion gradually

ecreases.

Blatransfermation is negligible, Only o small percentiage ol Lhe tetra-

cliarethylene absorbed is metabolized; Some of it becomes trichloveacelic
acid, which can be demonstrated in urine.

Z__i..._.i__.u:waﬂnmmm5___:_._.___.E;___E.__:.__nnn_.._um ﬂmﬂﬁmﬁr_ﬁ.,m;im:n.?.;.:
cﬂmmr J.mmﬂm-maﬂzﬁ_m organic solvents, 15 deposited in adipose tissum,

and after exposure is tarminated s released gradually over several doys,
Elimination s a two-phase process, proceeding rapidly for Lhe brief
Inttial phase [z few hours), and slowly for Lhe second phase, which lasts
For several days. Most Letrachlorethylene is eliminatad via iha Tungs
only & small partion is excreted by the kidneys, som of it in the form

of trichlercacetic acid,

Acule effects are described for the skin, syes, respiratory sysiem and

central nervous system (see Table 1),

mqmn.w.u....a_..,d.c._._u.r.._.mz__,nxmam:ﬁmmq..mu.ﬂna.._m_an._._nin.:._._".m._..mu._....mmﬁmﬁ.mm:w
with regord Lo low concentrations (ie levels near the occupaticnzl
exposure limits}. There are unfortunalely very few systematic (epidemio-
logical) studies which are relevant here. There 1s one Arevican study (2)
af workers tn dry-cleaning astaslishments, in whom occurrence of psycho-
Tagical problems and signs of functional disturbance in Lhe peripheral
nevvous systen were investigated. Cxposure levels were relatively low
itime-weighted average value in the most exposed group was 37 ppm, with
peak valoes averaging 215 ppm}. This study found no significant diffe-
rences bebwesn the exposed group and the control which could be ascribed
to the expusire o tetrachlorethylene, but unfortunately the study methods
used make 11 impossible to say whether Lhere was any damaye to the nar-
vous sysbem,

it is well known (3] that psychelegical symploes of the type included in
Lhe "neurasthenic syndrom™ [tiredness, Tack of initiative, loss of memory,
headashe, ‘rritabil iy} are an early sign of chronle, ar at least sub-chro-
nic, effects of selvents on Lhe central nevvous system.

1T is mentioned in Reference 1 (page 17) with support From Lhres previous
reports, that such sympioms have been observed in persons working with
tetrachlorethylane, but there are no details on the conditions of exposure.

The first of these papers (4) is from 1953, and reports & study of expo-
sed workers only. Exposure levels weve high - 232 Lo 385 ppm. Acute
effects on the central nervous system were reporled, but the authars
ment foned no chronic or sub-chronic effects, 1L can be supposed thal Lhis
was not thedr primary interest,
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The other work (5] 1s from Garmany. This is an extremely Lhorocugh epidemic-
logical study of 112 workers in a railway factory and 101 contrels. Tha
study was intended to clarify mffects on the liver and kidneys, and the
psychulogical problems are mentioned only briefly, Exposure levels were
moderate: in 75 percent af the measurements the concentralion was below

50 ppm, and in only 1 percent did it exceed 150 ppm. With regard to
psychological problems, the authers say nothing aboul whether the obser-
vad difFerence between the two groups was statistically significant, but
Judging from the diagram in the report such was probably nol the case.

Fer acule effects, on the other hand, the differences are larger and
probobly statistically significant. For example, 45 percent of the esposed
group veported dizziness while at work, zgainst only three percent of the
pontral,

Thie third work is the Aeerican sludy described earlier {2), and as alrsady
mwentioned, it provides little useabie malerial on the question of neura-

sthenic syndrome.

Theve {4 resson to suppose that telrachlorvethylens, ke olher crganic
ealvents, can cause ¢hronic or sub-chronic neurasthenic syndrome, but
there are unfortumately no sludies which could help to identily the
exposure level at which this can occur. Continued sludy of the matter is
necessary for the establishment of reasonable exposure Iimits,

Pevoral administration of tetrachlorethylene has been found Lo yield a
dose-related increase of hepatocellular cavcinemas in mice of both ssxec
(6}, Exposure to tetrachlorethylene has also been associaled with fncrea-
sad risk for malign diseases in man, primarily Tiver cancer and leukemia
(7)), High doses are probably necessary, bubt Lhis report qives no detatled
information cn exposures, The report mentions in closing that a cohort
study is being conducted Lo more closely investigate the cancer visk.

i7

Rats show no increassed frequency of Tiver tumors (6), Liver and kidnay
damage has been noted in animal experiments and in people occupationally
exposad to tetrachlorethylene, but exposure levels have usually been
higher than those assoclated with acute effects on Lhe nervous system,

Interacticn. One study {B) demohstrated that with low exposure (25 ppm},
alcohol intake {blood alcohol concentration of 0.3 to 1.0 mg 3) so affec-
ted the uptake of telrachlorethyleme that its concentration in blood in-
creased by 75 percent. This effect was nobt noked ol higher exposure (100

i

fxposure levels current in Swedish dry-cleaning establishments are usually
around 10 ppm or less, However, there are probably a significant number

of shops whers meposure may be as high as 40 ppm, but Tavels nignher than
this occur only exceptionally {eq with a defective wventilaticn system)

{C. Lindbeirg, MBOSH. pers., Communication}.

Table 1. Acute effects of exposure to tetrachlorethylene

LoncenLration Effect
H UL
5 Odor can be noticed
1100 Temporary irritation of the mucous

membranes of the nose and Lhroal. STight
drowsiness with prolonged {7 howes )
axposure. Slight headache andior dizzi-
ness.

£on Irritation of the epyes, headache, drow-
siness, dizziness,

K1101] Smarting of the eyws, feelings of intoxi-
cation and reduced Inhibition, diffi-
culty in coordination. Temporary nausen,
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Table 8
Concenbration Effect
Lppid .
Lan Increzsed salivation, with a sweetisn, 7.
metallic taste in Lhe mouih, Mause:z.
500 [izziness, difficulties in coordination,
Stiffness and nurbness of Tips. 0.
G Weakness, extrems drowziness. Burning
0
pyes, Lowered blood prassuars, o
in Tips and nose,
Feferences

7
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Meirdic Expart Group: 7. Tetrachiorathylens, Arbete cch Hilsa

[In Swedishl.

T., Wood, C.0,, Grether, C.6., Johnson, Bol. and Xinta

Tuttl
6 behavioral and neurological svaluation of dry clesnars exposed Lo
perchloroethylans . THEW (MIOSH) Pubiication Mo FS-214, keshinglon
1947

aesearch on solvents in the wark place. Prel. Reporl. Joeini Progeam

ittee, Swedish Wark Environmant Fund ard Swedish Medical Research

Council, Steckhelm 1975, [In Swedishl.

an

Coler, ILR, and Rossmiller, H.R.: Tetrachlowpethy Tang exposure in 2

spall industew, arch. Ind. Hyg. Gocoup. Med, (19530 277-235.
Cssing, il-G.: Feldstudie zur Fraoge Hepato- und Heohrotoxizitdl des
Perchlardthytens nach langighrigar beruflicher Exposition. In:
Arbeitsmedizin, Sazialmedizin, PrEventiveedizin (Borensmann, R-D. ed)

Band 59, AW, Gentner Verlag. Stuttgart 987%,

Cad

MC1 Technical Repoart Servies Mo 13: Bioassay of ietrachloroethyians
for possible carcinogenity, CAS Ho 127-18-4. Hational Cancer Insbi-

tute, Bethesda 1977,

Blair, A., Decoufle, F. and Grauman, 0. Mortality among laundry and
dry 2leaning workers. (Meeting absteact) fm. J. Epidemiol. 108:238
[1a7a).

Stewart, R.D., Hake, C.L., Wu, &., KalbFieisch, J., Hewtan, P.E.,
Marlow, 5%, and Yucicevic-Salama, M. Effects of perchlorosthylene/
drug intevaction on behavior and neorologics] function, DHEW (RIOSH)
Putlication Ne /A¥-191, Weshingion 1977,

k)
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CONSEHSUS REPORT FOR TOLUEKE
i 1980-02-29)
CAS Mo. 108883, | ppm = 3.75 mg/a® at 20°C and 760 mm Hg.

frplosive concenlrations are given as 1,2<7.1 percent by volume,

. of air.,

Limits of detection by odor have been established at 1-10 wg por m
This summary 15 bated on a criteria document published by the Nordic
txpert Growp for Pocunentziion of Qccupational Exposuve Limits (1),
with certafn additions.

Uptake and distribution

Kith sccupational exposure to toluene vapor, most body uptake 15 by Snhala-
tion. Theve 1s rapld and high retention during the Fivst hall hour,
followed by qradual reduction to an uptake of adout 50 pevcent of Lhe
inhaied amount, This proportion is maintained during the entire work
pass, reflecting a state of equiliorium between uptake and eldnmation.
Under cortain circumslances, toluene in liguid form can be token up
throughk the skin (2], Tcluene is highly soluble in cil, and accumulalion
af toluene in fatty tissues should tharefore be nozed in discussicns of
baxicity. The biological half-1ife of toluene in such tissues has been
calculated to be about 3 davs. This, however, does not exclude the
possibilily of some day-to-day accumulation of teluene in body fat, at
least in the begining of the expesure pariod.

i)

Acute elfects

Discussions of exposure 1imits for toluene are based primarily on its
effects on the central nervous system. Experimental exposure of human
subjects have demonstrated acule depressive effects on paychomotor func=
tions. Seven hours of exposure to 750 lumlu (200 ppm} resulted in prolen-
ged reaction tme (3. With short-term exposure, o ¢leor duse-effect con-
nection was observed in several psycho-physical tests (4), Tests of reacs
Lion Lime were most sensitive, showing a signilicant increase with 300 ppm,
while noe Incresse in reaction time was observed with 100 pom, the nest-1ower
concentration studied. Concentrations of 500 ppm or more alse affeciul
serception ability. Since the toluene concentration in the organism surely
did not veach a maximum during this brief exposure (20 minutesd, iL is
probable that there are effects of this sort wilh congidarably longer axpo-
sure times,

When evaluating the results from studies of the surt mentioned abowe, in
which physically inactive persons are exposed to toluene, {6 must be
vemembered Lhal with the same concentrations in actual work situations the
crganism can Lake up two or three times as much as ot rest. The Tollowing
caleulation is based on this fact: in shart-term experiments during rest

a significank ‘increase of reaction Lime was demonstrated with a total
toluene uptake of 170 mg {5), a concentration reached afler about 13 hours
of exposure to 100 ppm. With a degree of physical labor normal in industria)
conbaxls {Tung ventilation 20 1ters per minuted, Lhe same total tocluens
uptake 18 reached after 13 hours of exposure to concenlralions of anly
2bout S0 ppm. Even though published documentation conlaing no direct proof
of an effect at such Tow exposure levels, the above reasoning indicates the
need for o safety margin Lo compensate For increased uptake during physi-
cal exerlion,
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Effects of long-term exposure

Other effects on the cantral nervous systam which have heen descrised Sor

Ina low-dose area are headachs, fatigue and dizzinass, and symplom comn-

nlexes of the type called "psycho-organic syndrome” in pooupationally
exposed pevsons. OF parlicular interest nere are results from peint shoos,
where tolusne i3 & mejov exposure factor for ceralin occupational groups

I thare s also some sxposure Lo cther splyents, "Poycho-oroanic

gven tho
syndrome was diagnosed in 1 percent of a group ot Lypographars exposed
ta an average 300 ppm for 33 yeras, and in 40 percent of @ group of print-

—shop workers exposed Lo &n averadge 430 ppm aver 17 years (61, During
rezsing indication that effects of this

vecent years, there has been
type can appaie in pecupational groups which have been exposed Tor long
neriods to Tow congentrations of solvent mintures dncluding tolusne, some-

Limes im high proportion {7, ).

The shove studies obwiously provide no clear proof of the loxicity of
coluene hy itself, but on the cther hand they do provide 2 strong dncentive

for continued research, parkicularly on the affects of prolenged exposure

bo concenlrations of S0-100 ppm or less, To what extent the above-mentionad

pxposures to sulvent mixtures, besides having acute and sub-acute effects,

also irwolye chronic sffects (fe Tasting damage), can net yel be establi-

shad.

fon bo effects on the nervous sysiem, coertain other factors should

Ir add

wa considered in Lhe contexl of exposure Dimils, But the matter of inter-
pretation is more uncertain. For sxamole, menstrual dysfunction has been
veported, There are also renorts of effects un some alood cells and their

corym. The clinical

zymes and on Tiver cells and Jiver enzymes in bBio

plications of these discoveries are unclear,

43

There is no clear evidence that toluene has embryotoxic, carcinogenic

or &l lergenic effects. We have found no resorts of toluens passing the

placenta. There are indications that sxposure o toluens may cause chra-
masome changes, bul the evidence here is contradictory. With regard to

possibie

munclogical effects, T4 can be mentionsd Lhat glomerulensphritis

has besn correlated to solvant axposure, though nobl specifically fo folusns;
an autoimmune reaction was hypothesized.

Research vesults on acute or chronic affects of toluene al exposurs Tevels
below 375 mgsm (100 pom) ave scarce snd difficult to interpret, This
appliszs particularly to field studies, whore dose data 18 uncertain at
npat and where exposure to other substances is either definitely or most
Tikely part of the picture. Mo dose-response relationships hawve Deen

demenstratad for S-hour exposuras Lo concentrations below 100 ppm.

The following tabie summarizes research resulits for exposure to diffarent
conzantrations of totuens [1):

e g i
1875-7025 ma/m

{ 500-700 ppamd, shorb-term esposure

Symptoms of extreme CHS depression, Prolonged reaction time and choice
sgotion time., Beduced perception speed,

1125 £musw (300 oo KPOEUre

Prolonged resclion time in 8 of 12 subjects exposed,

3

1125 mgfw” (300 ppml, long-term exposure

Incipient reductiion in superior CHS functions. This effect way be seen at

eyen Jower exposure |evels.



A4 45

4. Astrand, 1. and Gomberale, ¥.: Effects on humans of solvents in the
inspiratory air: A meLhod for estimation of uptake. Environ. Res.
15 {1978) 1-4,

750 wo/w’ (200 ppr), 6-8 hours

Clear symptoms of incipient CNS depression and possibly intoxicalion,

Profonged reaction time,
G, Minchinger, R.: Der Machweis zenbrainarviser Stérungen bei Lidsnungs -

mitiel-gxponierten Arbeitern. 14 int. Congr. Occup. Healht (Madrid),

375-750 mgja”_(100-200 ppn), long-ters expesure
2 (1963) 687-609,

Some research vesults indicate possible chremosome changes, Effects om

Tiver enzymes, but 56017 within normal Timits, Foo HEnninen, H,, Eskelfinen, L., Husman, €., and Nurminen, M.: Behavioral

effects of lang-Lerm exposure Lo a mixture of organic solvents. J,

Work Environ. Health 4 (1976) 240-255,

s w ? {100 pom), long-ters exposure

&. Elofson, 5-4,, Garberale, F., Hindmarsh, T., Iregren, A., Isakson, A, ,
dohnsson, [., Knave, B., Lydahl, E., Mindus, P., Persson, H.E.,
Philipsan, K., Sleby, M., Struwe, G., Stderman, [., Wernberg, A.,
ard Hidén, L.: An epidemiclogical study on occupalionally exposed
imdustrial lacguerers. Likartidningen &6 (1970) M27-4147. (In
Swedish),

Merphology of Teucocyles affeciwd. Menstruation disturbed. Probable symp-
kems of incipient CHE depression in some sudjects,

161-375 mo/m (43-100 ppn), long-tera expasure

Effects on Tymphocyte merphology and en lewcocylbe and lymphoeyte enzymas,

Relerences

1. Mordic Expert Group: £, Toluene. Arbete och Halsa 19/9:5. {In Seedish].

¢, Dutkipwicsz, T, and Tyras, H.!: Skin absorption of toluene, siyrene
and xylens by wan, Br. J. Ind. Med. 25 {1968) 243,

3. Ogata, M., Tomakuno, K., and Toakatsuka, ¥.: Urinery excretion of
hipporic acid and m= or p-methyl hippuric acid in the urine of
persons exposed to vapours of toluene and m=- or p=xylene as a test
of exposure. Br, [. Ind. Med. 27 {1579].

i, Gamberale, F. and Hultenyren, M.: Toluene exposure. 11, Psychophysio-
Togical functions, Work, Enviran, Health 9 (1872) 131-134,
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COMSENSUS REFCRT FOR EYLEME
[15u0-02-29]

¥ (di sne ) oocurs as three jRaners: 9 L - s METE-, il
g.._. eng _._.__.._.__w._..m_._c._ benzs s o ¥ o aneer t
inture of these

paraxylenc. Technical grade [induestriall =ylena is a
ially A=10 percent, There can

with 2 specific amount of ethy’ benzere,

ul benzens con-

alse bz traces of other substances such as benzene,
centrations are now wsually less than 0000 percent. When ussd as a
colvent, xylene is often mized with other salvents such as totuenz. This,
E i,

as well as the additian of athy] benzene, makes 3% Targel: possibie to

ablain epidemiclegical information on the effects of xylens alone. Puve
wolene isomers are used mainiy 25 a raw materizl in the produetion of

nwnsﬂnwﬂﬁ. Ghous 70 cercent of the xylene manufactured Js orobably vsed
for this purpose. Tne exposure proolems arizing with this use, however,

5 o ¥ e n k| 5 it
are =maliar than Lhose cccureing with the use of =piens 25 4 salvent.

Cas Ho. for crthoxy lene 25476
metaxylene 10E383
paraxylens 106473

3

1oppe = 4.33 mgfm

Odoy threshold: E
merts [remarkably large difference!l). In beth cases the values wevre

cablished =zt 9,74 and 20 ppm in two ¢ifferent experi-

lawer than those Tar toluene.

This sommary is basad on 2 criteriz documend apblished by the Hordic
Fxpert Group for Documentation of Dccupalional Exposure Limits (1}, with

certain additions.

Phe Hordic document deals with xylene isomers in mixtures with ethyl
hanzeme, and the toxicity of ethyl banzene is therelore nol discussed

Freom animal axperiments,

separately. Some inTormalion about , obtaine

47

is referenced in the RIOSH criteria document onoxylens from 197h (7).
Thase experirents indicate thet the toxicity of ethyl benzens may be
soewnat greater than that of xylene isemers. It can be mentioned here
that SCGTH (31, in its TLY Tist, propozed somewhat Tower STEL valuss
(1% mingtes short-term esposure Timils) far ethy] benzene than for

evlene; Aowaver, there seems to b ne offictal documentation for this,

There s no adequate basis Tor differentiating between the thres syvlene
monorers with regard toe texicity. Under the circumstances, it wodld pro=

hanly

bee best Lo adopl Lhe opindon of the Mordic expert grovp that the

Lagic qualities of the thres substances are prohably very similar,

soribubion and transformalion

iplade,

With oocupational exposure, xylens usually entars w:m body wia the Tungs,
0F the ameunt entering the lungs, about 6% paroent 93 absorbed during
resty BO-0% percent during 1ight exertion; and 50 percent during hes

physical lebor. With massive exposure Lo xplens in Diguid form, consides-
able amounts can be abzorbed through Lhe skin, Skin absorotion of xylens
in waooy Form is probably of negligille importance. 1t should be ecoeme-
bered, howevar, Ihat zylene - and other solvents as well - are movre

casily absorbed oy skin which is damaged by skin disease ov injury.

Bylene is easily soluble in blood and falbty Lissues, About 95 percent of
he ancunt teken wp is metabolized. The prirary end product, methyl
hippuric acid, can be fdentified in urine and orovides an indsx of the
amoynt of sylens apscrbed. Eviens s metabelized =apidly in tha Tivar,

been calowla

that matehalizing capacity is fully exploiied when

ancentrations ara around S50 ppmoand physical activity results

ng ventilation rates af abowl tern 1ilers/minutle,
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pute effects

In discussing exposura limits for xylene. it is the acute effects on the
nerenus systen and the minor irritations which can be neld toowith most
certainty. There iz scarcely any information which can be used for esbi-

wates of possibis lang-temm effects in tha low dosage area.

The most unoquivecal informetion about acute effects comes From axperi-
ments with human subjects, which demonsbrated significant effects on
ons of

reaclion time, etc with short-term exposure Lo aiy concentr:
1300 :ﬁu?m {300 opm) £4), The tatal body uptake of wylens shold net be
w__mzmm Lo oxcasd &00-3000 wg if scute effects ave Lo be avoidec. Drei-
sation and sther negative effects haye baen shown for concentralion: of

FOO0-400 pom promore.

dith zylens, as with other solvenis, 1t iz pecassary to consider the
differpnces belwoen uptake during physical exertion and that during rest,
With exposures to 871 swx=m (P00 ppm) during teo hours of alternating
axercise and rest, Lhe amounk of xylens absorbed amountad ta apout

1.4 g - sbout B0 percent of the teial amount (51. As dndicated earlier,
at this level there is probakiy some depressive effecl on the cenbral

neryous system.

iylene's high selubility in lipids implias that its storage in Tatll
bissues should be censiderad in assessments of toxicity, Tha nalf-1ife
of m-gylene in subcutanecus fat waries Fromoone Lo about h odays {[&].
Because of sylens's relatively long elimination Lime Trom subcutaneous
Tation will occur durirg the First

adipose Lissue, & ceriain accu
weeks of normal occupational exposure (Five-day work weeks, Since
ayleme s metabolized rapidly and blood circelation in subcutanecus fal

ively low, the storsd amount will be relatively swall - at mosk,

is ral

ten percent of the xylens antording the hody.

Long-term effects

Fven though there are no ciear data on the effects of long exposure to
sytane, it must be noted that there hawve been observations of changes in
the central meryvous system which can be interpreted as chronic or Tong-
-lasting in workers exposed to salvent mixtures including sylene, The
possibility that long-tern exposure to xylene may have neurotoxic effects

can therefore not be dismissed.

fmong olher observalions not adequate as a pasis for defining exposure
limits ara observed correlabions between glomerulonephritis and axposurs
L splwenls, Sope animal experiments ndicate that xylepne can cause
kidney damage. Some biochemical dindication of avlene toxicity in Lha
Tungs can aiso be mentioned in this coniext,

Vacuoles of a temporary nature have been reported in the cornezs of a
group of spray laguerers who were probably exposed o wvery high concentra-
Lions aof nearly pure xylenc,

Special chronic effects

Very 1ittle i4 known aboul Lhe poasibie mutagenic and leratogenic effects
af xylene, A few animal axperiments give reason Lo suspect that rela-
tively low air concentralions of xylene might affect development of Lhe

ambryo, There seem Lo he no pebl ished works on the mutagenic characleri-

stics of aylene, Thers is also very lTithle data on carcinogen

oL urticaria, where a patch test with xylene gave a positive sesull.

Whethar an allergy mechanism lay kehind the reaction is unclear.
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The affects of =ylene can be summarized as follows (1) .
3000-3500 nm_._ih hnimal experiments: Hats and dogs expo-
fce 700-800 ppm) sed for 65 days showed no effects. Razts,
guinea pigs and dogs exposed far 30 days
showed no effects on growth v hematolo- 4,
gy, and nc pathological changes were
observed in examinmd organs, Rats and
rabbits exposed for 130 days acquired
subacute (chronic) glomeruloreonritis, 5.
J000 __i.t:.-m Slight irritation of eyes, nose and
fca f00 ppm) throat. Feelings of intoxication and
minor disturbarce of balance, 6.
1300 !.nn-_u Slight deterioration of higher nereous
{300 pom) functicns in persons doing Tight work.
Prolonged reaction time with short-term
EANOEUTE .
10 :_._.__.:w Minor embryotexic effects on rat ewbryos.
(230 ppm]
B0 _...._.______m Disturbed sense of balance with day-lang
(200 ppm] exposure having peaks up ko 400 ppr.
Prolonged reaction time in one of five
persons expesed for an entire work day.
References

1. HKordic Expert Group: 10, Xylene. Arbete och Hilsa 1979
Swedish).

2. MIOSH: Criteris for o recommended standard: Oveupalional expasure to
xylene. U.5. Department of llealth, Education and Welfare, Weshington
1975.

ACGIH: Threshold Limit Values for Chemical Substances and Prysical
fgents in the Korkroom Environment with Intended Changes for 1979,
Feerican Conference of Governmental Industrial Mygienists, Cincinnati,
Jhio 1979,

Gamberale, F., Anonwall, G., and Hultengren, M.: Dxposure to xylene.
IT1. Effects on central nervous functions, Arbete och Hilsa 1978:3,
po 43-87, (In Swedish),

Astrand, 1., Engatrdm, J., and Bvrum, P, Exposure to ayleng, I,
Uozake, distribution and elimination in man, Arbete och Hilsa
1978:3, pp 7-23. {In Swedish}.

Engstrim, J. and Bjurstriim, R.: Exposure to xylers, 1. Concenntra-
tien in subcutanvous adipose tissue, Arbete och Wilsa 1978:3,
pp 25-42, (In Swedish),



COMSEMSUS REPORT FOR THORZANIC LEAD

cLaan

Introd

A onurber of surveys of the visks of egposure Lo inerganic Tead in the
general enyironment and in the werking snvirerment have been pub?isned
in recent years (B, 12, 14, 21, 24, 2¥), This summary is an evaiuztion

and amplificalion of the informaticn in those studies.

Erposurs

Frposare to inorganic lead occurs via food, water and air. [n Sweden, this
kyround cxposure is Tow, Occupational exposure to Tead scours in Sweden
1y ard

primarily in the following contexts: wWith smelting, refining, cas

ishing of lead-containing alloys; in lead accusuiator factories; in the

panufacture of lTead crystal, Tead-glazed ceramics, and certain plastics
wilh additives of lead-containing pigments or stabilizers {eg PYI); dn
spray painting with paints centaining lead pigment and wWith scrappings-
Lorching of Tead-coated materials,

Metabal isw

Expesure Lo iharganic lead in the working environment cccurs primarily wvia
inhalation of lead-containing aerosals. The amount of Tead uptake via the
Tungs depends on Lhe Tead cortent of the alre, the natuve af the work

[as it affecls Tung wentilation), the size of the particias in the areo-

EE ; . : R
gp] and the solubility of the Tead paund in guestion. When lead-contai

ning asrasals with a particle size below 5 um are inhaled, about 20-40
percent (by weight) 15 absorbed, About B-10 percent of Tead which is

swallowed s absorbed in the digestive lLract. Substantial exposure fo lead
theeugh food or tabacce (snuff} conlawinated at the workplace 35 now rire.

53

Inorganic lead 95 accumulated Lhroughout the body, The largest lead
depot lca 95 percent) is in the skeleton. Move than 95 percent of the
fead in blood is bound to the blood cells. Swedas not accupationally
expozed Lo lead have a blood Tead content (B-Pb} of about 0.5 wmel/1iter,

Lead is excreted from the body via urine (ca 80 percent) and feces. The
excretion process 15 complicated. After exposure is terminated, E-Pb
declings with a speed which in tha heginning orobably reflects changes

af lead concentrabions in soft Lissuss, The half-1ife of Tead in this
resarvair 18 aboul & month (17}, Lead deposited in the skeleton decreazes
i

nove slowlys it has a halT-19fe of several years. The lead content
of the hleod rellects current exposura a5 well as the size of the depot
in Lhe skeleton, and thus alse earlier exposurers.

Lffects

[morganic Tead can affect the bedy in a number of witys, In studies,
Ehese effects have Tor the most part boen corvelated to G-Ph. There is
very Titlle deta relating effects to lead concentvations in zir. In
estimabing Lhe nealth visks of diTTerent lead concentralions in air, it

ig therafore first necessavy Lo correlate effacts to B-Fb, and then Lo

establish the relationship belween B-Pb and 2ir concentrations. Pavti-
cularly the latter 9s afflicled with considerable uncertainty,

Effects fexcaph those on genelic material and repreduction’ of inorganic
Tead on adult individuals with different lead concentrations in the

Elecd are s

martsed in Figurs 1,
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v . _ The mest well-known effect of inorganic lead s its disturbing influence
o [Fs] | 2 ) : : :
= e e o | an several steps inothe chain of reactions Teading ta the Tarmation of
m el o noou u = (3N ] w0 I . b 2
o I ol R e o s i heme, 2 constituent of hemaglabing, and of a nuaber of ENZyMes in the
Y oo I s = : : )
e = o Pk o O B L body. Cven o very smzall increase of lezd in the blood produces a mezsure-
4 — | - | able dnhibition in zobivily of the enzyme o -aminolevulinic acid dehydrase
e | = o, ; ai ; £
™ el e i in biood cells (B-ALAGL. Greater exposure to lead brings an increase in
= _ = |3 _ | concentrabions of protoporphyrein (particularly zink proteporphyring, IR0
: | = b= i | { ; 2 : . o .
%._ =1 _ 7 i { irothe blood cellis, and incvessed excretion of & -aminolevulinic acid
[ = £ i o . F. e o L
=L - _ _ b (U=ALAY 2nd coproporphyrin (U=CP) in urine. These changes have not in
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Inorganic lead alse affects the brain, These effects are difficult o
mezsure. In psychomedric tests, it has been possible to demonstrate minor
effecls in groups with 5-Pb Jevels of 3.0 wmol /1 ov higher. An increased
ue, anziety, less of memory, eic)

fraguancy of subjective symptoms
has also been reported (F, 2/,

Kidneys and d

Higher bedy burdens of lead {B=Pb ca 3.8 wnal#1) can lead to kidney damage.
1 bload Tead Tevels higher than

Gastrointestina’l symploms are oo
about 3.% umol 1. For both kicney damage and gastrointesting] symptoms, the
background material on which to bese sslimates of exposurs/response

curyes is Timdted.

Feproduction

Txperimental ezposure of wale animzls Lo hign peroval doses of dnorganic

and their of Tspring have shown

lead has resulled in decreased ferlk
ircressed perinatal mortality (170, Sperm damage has bes
workers cxpased to Tead {G-Ph oof 2-8 umol /1), as has an i
ouoncy of abartions in their female partners {100,
cver be criticized an methodolegical grounds.

repartaed in

ragsed fre-

o nol

5 surway

Lead pesses Lhrough the placenta bo the eebryo. The lead concantration
in Eieod in the unbitica® cord is ahoul Lhe same as that in the biood-

1er, Lead s secreled in milk, An nts expos-

stream of Lhe
ing pregnal rodents to high doses of inorganic Tead vesulted in resorb-

tion of Lhe smbryo, and offsoring showsd reduced weight, birth defect
increasad perinatal woriality and developrental disturbances [17].
cations of abartion-inducing effects and prenatal damage in numan subjects
can be found in older stwdies, but the dinformaticon is oo

Even though the data is not conclusive, inorganic lead must he regarded
as potentially toxic with prenatal cxposure in humans. Thers is no
information which can be used to estimate the velationship beiween dose
and effectfresponse. 1L is nevertheless reasonable to assume that the
narvous system of an unbarn child s at Teast as sensitive as that of an

adult, Exposure tise, however, is relatively short.

1T exposure Lo lead is terminated as spon 2s pregeancy is diagnosed, Lhe
lead content in sofl Lisswes (and probably also in the enbryn ) can usl-
ally ke expected to drop by 50 percent within a month or two. This
implias that the enbrye can be exposed to bigh concentrations of lead
during most of the period that enlbryotoxic effects would be expected,
Toward the end of pregnamcy - when Loxic effects would hit primsrily the
nervous system of the fetus - concentrations will be much Tower Lhan
before expasure was terminated,

Mutagenicity and carcinogenicity

Genotoxic effects in the Torm of chromoscme changes in lymphocytes from
peripheral blood have been noted in some studies of people exposed Lo
Tead (13,

urclear. Even though some anima] experiments provide indications that

« The significance of this as far as health is concerned is

inorganic Tead can be carcincgenic, epidemivlegical studies of workers
exposed to lead doonel support the existence of such an effect in mar
[

1270,

Airborne lead/B-Pb

Tt saams reasonable to assume some sort of connection botwssn Tead con-
centrations in air and B-Ph. & number of studies have been mace in
attempt te clarify this relatfonship (4, 9, 28). The results, howsver,
have shown poor correlations or none ab all, This may be due to several

factors, 2g particle stze and solubilily of the lead in the aerasol; the
physical effort invelved in the work; andfor exposure by pathwavs cther
than air. Estimates of lead uptake based on Tead concentrations in air
can thus be misleading. This s a strong arguement in favor of kiclagical

107§ ko

e of expased warkers.

on

=l



(=3}

)

extreaely rough estimate of the correlation between e
in oaiv and 2-Pb {271, With lead concentrations up to akout

omtz against it, hs

in spite af all the possible argu

q
asr, every increase of 10 ugfm™ in Tong-term exposure (particie size eto
unapecified) yields an average increase of abowt 0,25 umelfs1 din G-Fh,

In populations Tike that of Sweden, with a bazal B-7k of sbout 0.5 wmalfi,

ar exposure of &0 ﬂmmqu would correspond to an average B-Fb oof about

1,75 umod /7.
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Seientific Basis for Occupaticnal Standards, Arbete occh HElsa 13987187 po
1-a2.

Critical evaluations of lhose scientific data which are velewvant as &
background for dizcussion of Swedish cccupelional standards. These zra
the comsensus reperts given by the Criteria Group at the Swedish MNatio-
nal Goard of Dcoupationzl Satety and Health bebween May, 197% and June,
1980,

Kay words: 4, 2=dibrom-3-chlorpropane, Hethyl dodide, Formaldehyde
¥ ! yde,
Cheomium, Trichlorethylene, Cadmium, p-fminogzobenzens,
1,2-Dichlovrethena, Metnylene chlerids, Styrere, Teova-

chlorethylene, Tolusne, ¥ylens, Inorganic lead.
Sammanfattning

Underlag far hygienisks gransvirden. frbals oo Halsa 1981:21, 5 1-6F,

Fn samranstdllning baserad pd en keibisk genomging cch viirdering av de

vetenskapliga fakta, witka Er relevantz som underlag fir faststallande

av hygisnisks grinsvirde. SammanstdlTningen omfatiar de ublalanden som

Eriteriegruppen for hygieniska gransyvivden avgivit under perioden maj
1979 - juni 1880, (P4 engelska ).

Hyckelord: 1, 2-dibrom-3-kiorprosan (DBRCPY, Metyljodid, Formaddehyd,
Erom, Trikloretylen, Kacmium, p-fminoazobensen, 1,2-Li-
kloretan, Mebylanklorid, Styren, Trikloretylen, Toluen,

gylon, Ooroanisk bly.



