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THRESHOLD LIMIT VALUES FOR 1955

Adopted ot the Seventeenth Annwcl Meeting of the American Centerence of
G tol indwstrial Mygienists, Sutfelo, April 24-28, 1955

ALUES are given in the following tabulation for the maximum average atmos-
pheric concentration of contaminants to which workers may be exposed for
an eight-hour working day without injury to health.

These values are based on the best available information from industrial experi-
ence, from experimental studies, and, when possible, from a combination of the
two. They are not fixed values but are reviewed annually by the Committee on
Threshold Limits for changes, revisions, or additions as further information becomes
available. Threshold limits should be used as guides in the control of health hazards
and should not be regarded as fine lines between safe and dangerous concentrations.
They represent conditions only within which it is felt that workers may be repeatedly
exposed, day after day, without their health being adversely affected. It is felt, at
the present time, that workers should not be exposed to a working environment
containing any of these substances in excess of the value indicated.

These values are not intended for use, or for modification for use, in the evalua-
tion or contrnl of community air poflution or air pollution nuisances.

ESTABLISHED VALUES

GASES AND VAPORS

SIRSTANCE PrMe SURSTANCE pPM®
Acetaldehyde ...l 200 Carbon dioxide .......eennnenn.. 5,000
Acetic acid ........... Carbon disulfide ................. 20
Acetic anhydride Carbon monoxide ................ 100
Acetone .. ... ...l ( Carbon tetrachioride ............. 25
Acrolein ............ceen... e Cellosolve (2-ethoxyethanol) ..... 200
Acrylonitrile .................... Cellosolve acetate (hydroxyethy!
AMMOMA ... oevineniiieeiineans acetate) ... ......iiieeiiiene.. 100
Amylacetate .........cooiiinann.. Chlorine ........cccoviiviiinnnnn. 1
Amyl alcohol (isnamyl alcohol)... 100 Chlorohenzene (monochloro- .
Aniline ... ..o 5 benzene) ..., 75
ATSINE ... e 0.05 Chloroform (trichloromethane) .. 100
Benzene (benzol) ............... 35 1-Chloro-1-nitropropane .......... 20
Bromine ......covviiiiiiiiiaa.. 1 Chioroprene (2-chlorobutadiene) .. 25
Butadiene (1,3-butadiene) .... 1,000 Cresol (all 1somers) ............. 5
Butanone (methyl ethyl ketone). . 250 Cyclohexane .................... 400
Butyl acctate (n-hutyl acctate)... 200 Cyclohexanol .. 100
Butyl alcnhnl (n-hutanol)........ 100 Cyclohexanone 100
Butyl cellosolve (2-hutoxyethanol) 200 Cyclohexene ..........cccvvvunnn. 400

® Farte of vapar or gas per mdlen parts of an, by voloane
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INDUSTRIAL HEALTH

SUBSTANCE rrae SUBSTANCE ren®
Cyclopropane .....veeeeeccesnnnns 400 Methy! cellosolve acetate
o-Dichlorobenzepe .....cicnveavee 50 (ethylene glycol monomethyl
Dichlorodifiucromethane ......... 1,000 “:::;: ::::::: seeeresess . ‘3
l.l-chhloroethme veesscanesscees 100 Methylal (dlmetho:ynethane) . 1,000
1,2-Dichloroethylene .......... ... 200
Dichloroethyl ether ........... .. 15 M“Pyl chloraform (1,3,}-

. trichloroethane) ..cveeveeeneo.. 500
D‘chl. ﬂt!ommeth:ne Teente 1.000 Methylcyclohexane ..oo..c..eu... 300
l.l.-chhloro-l-mtroethane N Methylcyciohexanol ....vx.... e, 100
Dtchlorole.traﬂuoroexhane ........ 1,000 Methylcyclohexanone ...... ceee. 100
Diethylamine ......ccoceeeeee vees 25 Methyl fOrmate .eoeeeenneennent 100
Dimethylaniline (N-dimethyl- Methylene chloride (dichloro-

aniline) .......iiciieinniiaan H MELhANE) ...vunerneenncranenes 500
Dimethylsulfate ................. 1 Naphtha (coal tar) «.ooeveennn. 200
Dioxane (diethylene dioxide)..... 100 Naphtha (petrolesm) ........... 500
Ethyl acetate ........c.cocenneen 400 Nickel carbonyl ..o.eeveaneannnen. 0.001
Ethyl alcohol (ethanal)....... .+« 1,000 Nitrobenzene ....ccovvvinnennnen. 1
Ethylamine ............ccovaene. 25 Ntroethane «...oeveeeeesneeeeeas 100
Ethyl benzene .......coovvnvnnn. 200 Nitrogen dioxide ... s
Ethyl bromide ................... 200 Nitroglycerin ........ 0.5
Ethyl chloride .. ...oievieann... 1,000 NitrOMEtRANE «evenvnnnneeneanes 100
Ethyl ether (... ...coooneen.. ... 400 2-NilrOPropane .......eeeeeesnnns $0
Ethyl formate ......cccovvnnannn 100 NItrotolUent ......cevevecencsans 5
Ethyl silicate ............ ... 100 Octane ..c.oevnvvane ceerenes ve.. SO0
Ethylene chlorohydrin ........... 5 02008 .oievvieicinicninnaainnnns 0l
Ethylene dibromide (1,2-dibro- Pentane .......coiiiveiiinnnnanns 1,000

moethane) .......cevvevnnnn. 25 Pentanone (methyl propyl ketone) 200
Ethylene dichloride ( lz-dxchloro- Perchlorethylene (tetrachloro-

ethane) ........ccvvvveennnnnn. 100 ethylene) ....ccovviuiiiannenn. 200
Ethylene oxide .................. 100 Phenol .......ocvvvennn vemeenses H
Fluorine ..........ccvvevnnnnnn. 0.1 Phosgene (carbonyl chloride)..... 1
Fluorotrichloramethane .......... 1,000 Phosphine .........ouute ceeeaans 0.05
Formaldehyde ............. RN s Phosphorus trichloride ........... 0.5
Gasoline .............coiiiunll 500 Propyl acetate .....coevvnvnnnnes 200
Heptane (n-heptane) ............ 500 Propyl alcohol (isopropyl nlcohol) 400
Hexane (n-hexane) ............. 500 Propyl ether (isopropyl ether).... 500
Hexanone (methyl butyl ketone).. 100 Propylene dichloride (1,2-dichloro-
Hexone (methyl isobutyl ketone) .. 100 propane) 75
Hydrogen chioride ............... S Stibine ... iiiiiiiiiann ceesees 0.1
Hydrogen cyanide ............... 10 Stoddard solvent ................ 500
Hydrogen fluoride ............... 3 Styrene monomer (phenyl
Hydrogen selenide ............... 0.05 ethylene) ..ocovevieaninianenns 200
Hydrogen sulfide ................ 20 Sulfur monochloride ............. i
lodine ......ooouui.... e 1 Sulfur dioxide ......cccoiviinnnn. 10
Isophorone ....................L 25 1,12,2-Tetrachloroethane ......... 5
Mesityl oxide ...........oc0vnunn. 50 Toluene ...oooviivinarviiansonnns 200
Methyl acetate .......coouevenn.. 200 o-Toluidine .......cvevuivennnnn. 5
Methyl aicohol (methandl)....... 200 Trichloroethylene ................ 200
Methyl bromide .......c......... 20 Turpentine ......covieninciannns 100
Methyl cellosolve (methoxy- Vinyl chioride {chioroethene)..... $00

ethanol) ................... ... 25 Xylene ........... teereaensrenans 200
522
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THRESHOLD LIMIT VALUES

TOXIC DUSTS, FUMES, AND MISTS

. MC. PE2

SUBSTANCE cu. u.t
Antimony .............iiiiiinnn... 0.5
Arsenic .o.ooeiiial..... [P 05
Barium (soluble compounds)......... 0.5
Cadmium ...oooviiiiiiiiiiiinnnnn, 0.1
Chlorodiphenyl ....vvvievnnennnnnnn.. 1
Chromic acid and chromates as CrO... 0.1
Cyanide as CN.........ccovnvnnnen.. §
Dinitrotoluene .................. veses 1S
Dinitro-o-cresol ...........coevuu... 82
Fluoride ...........ooiiiiiiiann.., 2.5
Iron oxide fume .........oooiun..... 15
Lead .oiiiiniiiiiiii i 0.15
Magnesium oxide fume............... 15
Manganese .................. IO 6
Mereury .....iiiiiiiiniiniiiiiea., 0.1
Parathion (0,0-Diethyl-O-p-

nitropheny! thiophosphate) ........ 0.1
Pentachloronaphthalene ............ .. 05
Pentachlorophenol ................... 0.5
Phosphorus (yellow) ............... Q.1
Phosphorus pentachioride ............ 1
Phosphorus pentasulfide ............. 1

MG. FER

SUBSTANCE cu. .t
Selenium compounds (as Se)......... 0.1
Sulfuricacid .....coiiiiiiiiniinenas 1
Tellurium ..oovveiiinnnes veeensanon 0.1
Tetryl (2,4,6-trinitrophenyl-

methylnitramine) ............cc000ee 1.5
Trichloronaphthalene ................ 5
Trinitrotoluene ........0...... veesnens 15
Uranium (solubie compounds)....... 0.05
Uranium (insoluble compounds)...... 025
Zinc oxide fumes..........co00unen.. 15

Radioactivity : For permissible concen-
trations of radioisotopes in air see
“Maximum Permissible Amounts of
Radioisotopes in the Human Body
and Maximum Permissible Concen-
trations in Air and Water,"” Hand-
book 52, U. S. Department of Com-
merce, National Bureau of Standards,
March, 195). In addition, see “Per-
missible Dose from External Sources
of Ionizing Radiation,” Handbook 59,
Department of Commerce, National
Bureau of Standards, Sept. 24, 1954.

4+ Milligrams of dust, fume, or wist per cubic meter of air.

MINIRAL DUSTS

SUBSTANCE urrcrd
Alundum (aluminum oxide)............ 50
ASbestos .. ... s
Carborundum (silicon carbide).......... 50
Dust (nuisance, no free silica).......... 50
Mica (below 5% free silica)............ 20
Portland cement ..........iiiiiieianns S0
Tale i ittt s 20

$ Millions of particles per cubic foot of air.

SUBSTANCE urrcrd
Silica

high (above 50% free SiCy).......... S

medium (5 to 50% free SiOy)......... 20

low (below 5% free Si0y)............ 50
Slate (below 5% free SiQy)............ 50
Soapstone (below $% free SiOy)........ 20
Total dust (below 5% free SiO))........ S0

TENTATIVE THRESHOLD LIMIT VALUES

The following values are suggested for further consideration before being presented for
adoption as established values. (§ marks materials added this year and for which bibliographic
material has been prepared. The other materials appeared in last year's report.) It is proposed
that the entire list will be presented for adoption at thc meetng of the American Conierence
of Governmental Industrial Hygienists in 1956, if no reason to the conirary is forthcoming.

Akirio (1,2.3.4,10,10-bexachioro-1.4.4a,5.8.88-hexabydro-1,4.5.8-dimethanonaphthaienc} :.26 mg/M*

Benzyi chioride ......
1 Butyl amige ...
Butyl mercaptan .
Calclum srsegate ..........oouneen.
Cblordsoe (1.2,4.5.6.7.8.8-0¢tachio
§ Cblorine trifluoride ........
t Chiorinsted dipbenyl oxide.
Crag Herbicide (nodium-2,4,dichior

y ethyl suliate)..

CoomoSe—is

O
v3ge
-
x
-
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INDUSTRIAL HEALTH

30 me/ne
20 mg'N*
] ppIc
01 ppm
028 m¢/M*
§ Diftvorodibromometbans 10  ppm
Diisodbuty]l ketode ....... (%] pomn
EPN (sthylp-aitropbeny! mg/M?

Etbyl mereaptan .
$ Etbyleue dismise
§ Ethylede imige ....

Furtural .......ocnee Iy
§ Purfuryl akohol
§ Hydragins .........

Hydroges Lromide ......

Hydrogeu peroxids, ®0%.

Hyadroguinoos .......

isopropyiamioe .

Lasd arsenate .

Licdase (bexachioroeyclubexane, gamins isoet)

Malathos (0.0 1 ditblo p

Iln.boneﬂlor (2,2,d8 pbeny
§ Metbyi RCeLYMOE ..oieineiciireranieaarenriooines

Methyl A-obuul earbinol (methy) amyl slcobol).

Metuyl mercaptan

Molybdenum
[ ] (s0luble compounds) ....
$ (lusoluble eouwounu)

#-Nitroaslline .

Oreano mercuriais

P rl
Pbenyibydrazine
Plerie acid .....
§ Propylene j
Pyridwse ..
§ Quinoae .

Sogluia by
Bullur bennuotkh
Sullur peatafiuorid:
TEDP (tetraetuyl dithivoo pyronhotphuu
TEPP (tetraetbyl pyrophospdate)...
1 p-Tertlary butyl tomf.u
{ Tetrabydroturan ......
§ Tetranitromethans .....
Titanium dioxide .... -
{ Trifluvromonobromometbane ....

Yanadium
(Vi0s Qust) .
(ViOs fumne)

§ 2Urcopinm ......ou..ene... B

Beryliiun:: During the past {ew years. several papers have appesred in the lilerature which report s kimut
of 2 per culuc meter of an fur beryllium. Aununy these 13 the paper by Van Ordsirand, H. S.: Rerylliosis,
A M. A Arech. lndust. rn 10:232.234 (SepL) 1954, sud one by Stermer, J. H., sad Esenbud, :
Epideniclugy of Berylhum Intomseauion, 4. M. A. Arch. Indwss. Hyg. 431123151 (Aug.) 1931. Confcung
data {rom industrial experience has caused the Commitiee Lo postpone the suggeation of & Threshold Limit for
this materwal. It 18 apparent that more epidemiologic work s needed for the of a d value.

Reference material has been prepared on each of the above substances and,
though in some instances rather meager, is available for distribution. The commitiee
would welcome suggestions of substances to be added and also comments, additional
references, or reports of experience with these materials.

Wittiam L. Batt A. J. Voawaw
L. T. Falssar Louis F. WoLes

Kincsiey Kay Arran L. Corexan, Chairman
H. E. Stoxince :
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ke: ALUMINIZED CLOTH

We have had the occasion to study an aluminized cloth produced by the Minnesota
~Kining and Mamfacturing Company. The coating is produced by a new process in which
most of the original properties of the cloth are maintained. Ve have been impressed
by the material and believe that the aluminized duck made into aprons and sleeves can

be an effective shield for radiant heat.

3-M was contacted for a list of protective clothing fabricators who use their

material. The following companies were given:

Wheeler Protective Apparel, Inc. Mine Safety Appliances

22L West Huron Street 201 N. Braddock Avenue

Chicago 10, Illinois Pittsburgh 8, Pa.

Industrial Gloves Co. Safety Clothing % Equipment Co.
Danville, Illinois 1090 E. 69th Street

Cleveland 3, COhio
Industrial Safety Specialties
Co., Inc. American Optical
Ei-hth % Chestnut Streets Southbridge, Mass.
Perkasie, Pennsylvania
Literature has been received from the zbove companies and while all market face
shields and aluminized asbestos, only the Safety Clothing & Equipment Co. and the

Mine Safety Appliances furnish clothihg made from aluminized duck.

It is suggested that those with radiant heat >roblems consider the use of

the above material.

L. V. C.
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. 34 80-CALLED SAFX SOLVENTS—HUGHES

Beocher ' also found the difference between placeho and

morphine more striking with $% carbon dioxide inhalu-
tion than with inhalation of room air. A partial explana-
tion for this fact is that the depression of the respiratory
center is manifested first by a decrease in s reserve. us
metsured by its abllity to respond maximally to the driv-
Jog force of an increased pressure of carbon dioxide in
the arterial blood. A second factor of importance, demon-
strated by Loeschcke and essociates ' is the increase in
slveolar and arterial pressure of carbon dioxide that oc-
curs after & dose of morphine. This acts in a compensa-
tory fashion by increasing the stimulus to the respiratory
ceater and thus masking the eflect of the drug in patients
breathing room air. A third possibility comes to mind,
bowever. Ordinary respiration it subject 10 a certain
amount of voluntary control. The greater variability in
" resplratory rate and minute volume between subjects
when breathing room air than between the same subjects
breathing $% carbon dioxide ' suggests that the use of
& powerful involuntary respiratory stimulus may override

*  wvoluatary factors and thus reduce the variance due to

soadrug factors.
Because of simplicity of measurement, it is customary
. in many laborstories to report respiratory minute volume
in such studies, although effective alveolar ventilation
Is actually the information desired. The use of respiratory
minuts volume rather than eflective alveolar ventilation
soems partially justified by the failure to find significant
changes in respiratory rate after administration of mor-
-phine in. the doses used. Although this lends support to

JLANA, Nept. 18, 1974

the use of this purameter as a valid indea of respiratory
depression, the technique muy icad to sn underestunation
of the depressant clicels of murphine. 1 the dead space
does not change signiticuntly, the per cent decrement in
clective niveolar ventilation would be even greater than
the decrement in respiratory minute volume, since the
percentage of this volume contributed by dch space
would be greater after ndministration of morphine than
after administration of a placebo.

SUMMARY AND CONCLUSIONS

A study of pain relief in 122 patients after operation
revealed only slight increase in potency and duration of
analgesia of morphine when the dose was raised from
10 to 15 mg. The side-uction liobility and respiratory
effects of these two doses were studied in 10 healthy voi-
unteers. In this latter group, a trend wus observed toward
greater respiratory depression with the larger dt.mt.
and a significantly higher incidence of troublesome side-
eflects was recorded. A review of the literature indicates
that 15 mg. doses of morphine are probably unnecessury
to relieve pain in the majority of patients recciving thiy
drug and ore apparently more productive of undesiruble
side-eflects than 8 to 10 mg. doses. In view of these
findings the routine use of 1S mg. seems unwarranted.
The optimal dose appears to be 10 mg. per 70 kg. of bady
weight.

17. Keats, A. 8., and Beecher. H. K.: Ansigesic Prvency oad Nide
Aciion Lug!my iR Msa 0.0 Heplarone, :V"LN.IMI-I. :ﬁ:ﬂhvl. nm,:n:u.-

Fun'nu"énm to m;n Methous of Evsivation nf Ansigesic Drugs, J.
Prarmacol. & Exper. Therap. 3031 109 Junc: 1952

HAZARDOUS EXPOSURE TO SOME SO-CALLED SAFE SOLVENTS

James P. Hughes, M.D., Cincinnati

There is scarcely an industrial plant or a business that
-~does 8ot use some solvents. The kinds and the quantitics
vary from the can of type cleaner in the secretary's desk
to tank car loads of less familiar substances used as de-
greasing agents in the metal trades or as vehicles in the
manufacture of chemicals. There are hazards in the han.
dling of all solvents because of their appreciable volatility.
Some danger may be recognized by the user, but flam-
mability and explosiveness are more likely to be consid-
ered than physiological action.

The selection of a solvent for a specific purposc de-
pends on technological factors, suzh as required action.
volatility, handling practice (including vapor recovery).
the tendency of the substance to beave a residual film on
metsl surfaces, cost, and availability. The safety aspect
may be introduced as a last consideration but, perhaps,
oaly in terms of risk of fire or explosion. The finol choice
um!l'y is 8 compromise. While none of the critenia for
selection can be ignored, only rarely is it possible to mect
all of the demands made. The purchasing agent may sup-
gest & Jow cost petroleum distillate, the fire chiel muy

Prom the Keneriag Laboretory. Departmen: of Prev
. enivg Medicing
r;uuﬂ:'c:':’:adas.‘?:‘:nmm of Iniernal Mecicing. Univeraiiy
Roed B ARsusl Moesting of the American Ing |
Chicago. At 13 ey usirial Mygiens

wunt carbon tetrachloride. and the safety engineer may
propose & new preparation of dubious compostion
labeled “Safety Solvent—Nontoxic.™ No one will he
compiletely satisficd, und the industrial hygienc advier
may be lcast satisficd of all. A situation threatening to
health now muay arisc. Onc solvent may be accepted with-
out question as being “safc™ from the point.of view of
toxicity and then hundled quite carclessly; anuther, rev-
ognized as being relatively toxic und requinng some
control mcasures may he inadequately controlied.
Troubic can occur in cither of these situations as sue-
gested by some recently observed episodes.

PULMONARY EDEMA CAUSLD BY LXPUSURI 10
METHYLENE CLHILORIDI

CaSE |.—A Ncgro male luborer, uged 19, was wdmined 19
Cincinnasti Gencral Hospital becuuse of shoriness of breath,
cough, and subsernst pan of ¢ight howy duration. On b us
day of employment 1n a metal parts assembly shop, he had been
given the job of degreusing small copper gasheis by Jippang them
nio an open drum of meihyiene chionde e stated that the
wlvent buth “feh like ice water™ on hrs bare hands. He had
smarting of the eyes on bending over the drum. and he noic f an
oppressive odor. The work ures was fuund 10 e mna smuldl. e,
brick garuge. There was no exhaust ventdation or micchanical
equipment of any kind for the movement of wir. Duning the Jancr
part of the shifi this boy compluined of excessive fatigue, weak-

ness. sieepiness, hightheadedness, chilly semalions, and nausca.
‘e
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Coalive a tatal of four s of worh, He fell aseep
Wit ol on wabing swe hours luter fely very wesh, shont of
freath, aml had aalny, nonpradaciive caugh, He hud substeraul
pan s comghing and deep hreathmg.

O abmssim 1 the bospatal bis tiemperuinre was 100 F, pubw
tate HNL and sesmisatory ruie 42, There waus mild respirstory
antivas, Kales weee heand at the buse of the nighy tung end ovea-
stonially chewhere wver the chest. On 4 roentgenogrum of the
vhest there was diffuse, fuszzy anfilitation disttibuied hilateeally
thioughaoue both lung fichis, characierisie of pulmonury edema
(e higutcl. Fhese wan Ao conguactivitis or irritution of the shin.
Fhe patient was rcaied with VLXK umits of penicillin inra-
musculariv every Cight hours but did 8ol sequare the sdministru-
on of ovypen Wihin 12 hours after udmisaion und §5 hours
alier the Last exponiae, there wus 1ol rehief of symptom: the
wemperisuie, pulse ate, und sespiratory rute were aormal. Fuint
nspuateny amdl eapiratory rabes were sull heurd st the hase of
hath hunps, but these had deappeared u few hours later. The
tesults ol complete Mad cell count, urinulysis, blood culture,
amd Mol urea mitrogen determination remuined normal. Chest
rocnigenugrams ahde aftee iateevals of thige nad live duys were
normal, and the patient wan then dischurged from the hospitul.

Methylene chloride. also called dichloromethane.
CH_Cl.. has come into increaning industrial use as 8 paint
remover. refrgerant, and. less extensively, as a degrens-
ing solvent. 3t has a pronounced narcotic action. but it
is more irritaling o the respiratory system und more
excititory than s chloroforns.' §n industrial use only
slight acute effects had heen reported untit 1952 when
Moskowitz and Shapiro reported the clinical histories of
four men exposed to a high concentration of methylene
chloride vapor in a plant where an oleorcsin wus ¢x-
tracted from vegetable material.: There was loss of con-
sciousniess in all of those exposed. with one immediate
death and some irritation of the upper respiratory tract
of short duration in the others.

Methyiene chloride hud been described by Browning
s Upracticadly harmibess™ in ordinary use.t When the
local vendor of the solvent was advised of the iliness of
the hoy referred 1o ahove he stated vigorously that some
other solvent must have been used. since methylene
chionde is sosale.”™ Asa matter of fuct. this was found
to be the onhy volatile substance in the shop. The sug-
gosted mavmum  tolerable concentration of methylenc
chlorde under conditions of regular industrial employ-
ment s S00 ppm. Nevertiwless, it should be recognized
that thus sobvent ic capable of acting ws w pronounced
tespiatony rotant The probatility of some absorption
of the sohvent thiough the shinoan addition 1o the inhala-
ton of vapor. must be conadered as a contributng factor
n s cine. D he halopenated havdrocarbons are excereted
chieny tuough the ungs, regardiess of the mode of ith.
sorption Pulmonany iraitation o oceur as aresult ol
the esvrcnion. as well as the absorption, of these sub-
shanges.

ACL T TE NS PO ORING ENTOSURL 1D
PV IRACHIOROEINY LN

Cast 2= N whine male 2%acar-old sales tranee of a cheme.
ol campany s dadnied 1w hospatad i another ¢y in Apnil,
P9 Roause of gauadive, weakaess, and anoreva 1 he onwt of
awmproms st occtred HEdass arher. wath faca, yonuing.
dath wning, fight broawn aoais, amd deepening janndice. For sy
months poar 10 the onset of ssmptoms he had warked on masn.
twenanee amd repar of stlyent circulating ssatems an Jry clcaning
eatablishmenis, For o persod of 1] wecks up 1o the ume that he
Revamie il e had worked regularly an tetrachlorocthyicne wniis
Vs qob duies angluded the tehthing of sstems wih solveni,

WO-CALLED BAFE SOLVENTS—HUGHES 336

hunicul rensirs, and teu running of uniis. When emsTgsncy
::;‘mr- were necessary he ofien worked 12 10 16 hour shifss snd
«ometimes over week ends without Teguisr days ofl. Exposurs
the solvent, hoth as liquid and vapor sveraged over sight hours
rer duy. When lines were sepuired some of the sotvent drained
out onio the floar. The scrvicemen often worked near thess spills.
I'he clesning plants usually were hot, humid, snd poorly ventl
luted. No gloves or other pereonal protective squipment were
wsed. On one occasion this man had spilied s pall of ietrachioro-
cthylene over his shirt and trousers. He noted 8 burniag asd
iingling sensution of the skin unill he changed his garments
everal hours lster. On two of three occasions he becams Yighte
headed when the concentration of vapor seemed especially haavy
hut feturned 10 work afier s shor period in frevh air. The odor
of teiruchiorocthylene became increasingly distasteful to him
during this period. For two weecks before the onset of liinets
there wus excesvive (stigue and unususl dificulty in rising a
the morning.

Koenigenogtam of the chest of mon snposed 10 Methylens chloride
{case 1.

I he medicul history was not significant except that the patient
hud reccived one intrumuscular injection of penicillin in the
treutment of @ hrief episode of nasuses and vomiting on Fab. 7,
1943, 30 weehs prior to the onswet of this fliness. He rarsly
Jdrunk uny 1ype of wicoholic beverage and never 10 the point of
intovication, On wdmision 1o the hosplal he was jsundiced. The
resulis obiutned from tews of liver function were grossly sbnor-
mul und wggestive of hepatoceliulur Jysfunction. He made an
uneventful recovery, but when he wass examined four weeks
later there wus siill some evidence of impaired liver function.
1he results of hemogrum snd urinaiysis wese within normal
LR TIEN

Me wus removed from work on systems designed for the use
of chiortnuted hydrocarbon solvents but continued in the job of
wles und muinienance work on other types of soivent unins.
fen months uficr the acute Hliness, he reporied that on one of

1 Mrowning, E.: Toaicity of Indusitisl Organk Bolvesu, New Yerk,
Chemical Punlishing L ompany, inc., 199).

1 Momknwits, 5. and Bhapito. M : Petal Baposure 0
CRistie Ve, A M A. Arch Indust. Hyg. @118 (Asg) 1932.

v Tnreshold Limit Velues 100 1934, Adooted ot 1he Mestng of the
Chisngo.

Ameriiun Lonlerens of Uovernmenial Indwerris! Mygloniss,
V%, A M A Arch Indust Hys. 9130 Liune) 1954,
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13 SO-CALLED SAFE SOLVENTS=HUGHES

two accasions when he hud warked bricfly acar n tetrachhone-
cibylene sysiem he hud eapencacet aanseu tmmediniely on e
teciing the fuim odor of the sivens,

Tetruchlorocthylene, CClL:CCl., also called perchior-
cthylenc. is usuully pliced lowest in toxicity in the
uscending series of chlorinuted hydrocarbons used as dry
cleaning agenis. Uniil recently no unchalienged cases of
toxi¢ cllects from its industrinl use had heen reported.
Coler and Rowsmillier have now presented some ¢linical
observitions us heing suggestive of impairment of liver
function in thrce men of u group of seven enpaped part
time in the depreasing of small steel disks in o tank con-
twining tetrachlorocthylene.' Complaints of headuche.
nuusea. lightheadedness, fatigue, stuggering gait. und
mentul confusion were said to have heen common among
these men. Concentrations of tetruchloroethylenc in the
utmosphere of the workroom were reported to nverage
from 232 to 2XS ppm parets of air,

In our patient little or no precoution hud been ken
to avoid inhalation of solvent vapor or contamination of
the skin since tetruchlorocthylene was repurded us heing
“pructically nontoxic.™ Symptoms of narcotic effevt on
several occusions preceded the episode of ucute iliness
churucterized hy juundice. It seemed clear that this man
had ubsorbed tetrachlorocthylene in substantial amounts.
The temporal relationship of the onset of acute hepatitis
to repcated hazurdous exposures suggests that solvent
intoxication was cither the sole cuusative fuctor in the
illness or u contributory factor in rendering the liver
suseeptibie to attuck hy an infectious agent,

These two cases show injury to workmen resulting
from the permission of incxcusubly curcless hundling of
campounds of o refatively low arder of toxicity, but dif-
ficultics also may arise in dealing with solvents accepted
us highly toxic when the meusures provided for the con-
trol of exposure to them are cither inadeyunte or un-
enforceuble.

NAUSLEA AND VOMITING CAUSED HY EXPOSURE TO
CARBON TEIRACHLORIDE

Cast }—A while femule lubormtory techniciun, wged 26.
reporied 10 the burcau of industriul heulth of the Cencinant
Heulth Depuriment thut she had just become ill on the job whily
hundling curbon tetruchioride. She complnacd of nutisea and
heuduche und had been unable 10 ke her lunch. She was em-
ployed in the gquality control luboratary of u maaufuciurer of
roofing mutcrials, A principul job Juty wus the solveni eatriction
of usphalt from sampies of roofing puper. This wis done uccord-
Ing 10 w sundurd speciticution by hoiling strips of the usphali-
impregnutcd puper in u 1LAKK mi beuker of carhon tetrschiornle
on un clectric hot plute inside un enciosed hood equipped with
un cahaunt fun. T he sireps in the beuber were ugnanted al imervals
of two of three munutes during the M) minute extenchion period
Fxtrucicd muterial und spent solvent were poured off into u dran
nude the hood once or twice duning cuch cviruction und the
beuber wus refilicd. A gluss shiding punel on the tront of the houd
wus raised for thiv purpose. Temperuture und homidity in the
luhorutory room were controlicd by uir vonditioning.

The giel had worked on this job for period af iwo years
Shorily ufier being hircd. on u Jiay when the ador of carhon teira-
chloride was strongly percepuibic, she hud hid headache. N,
und vomieng. cuusing her 1o lose theee days trom work. One
yeur fulcr ¥ similur cpivode oecurred. und agiun she wus ofl work
for severul duys. She now experienced misea on days when ot
e wind velocny was s greut us 1o inerfere markedly with the

4 Coler, H K. ony Himamitier. M LI

Tetvu Blontcinvicne b
e SMmail Indusiry A M A Arh . o

foust Hyw 21220 anepny Hett

JAMA., Nept. 15, 1984

achion of the honwd exhana fan e Hlness reponied (o the health
depariment hunl 0y onwt on aiich o duy. Lhere wus improvement
afice heng outsile the ahorates fe severud uwies atttusgh
headache persited during the cveming

Can d=A white female Inhewatty (echmciun, agnt 22
emiployed on the same b s the waman in cuw L compduined
of nansen andd Belching umd wus unabie 0 Jube her luach on this
day While she hadd aever been s dl s 16 remain off wark. she
did report mikd aanca when dhe detevicd u heuvy ondawr of vcarhon
tetrachioride in the lahorutory. L occutred on the sverape of
anee weehly.

An inspestion of the Inharatory was mude a few 'hlmn after
the report was recerved. Ehere was said to hun_- ween linke chgn.c
i conditions aiace the onset of sympioms in the technwians.
Namples of i collesicd ut the htcalhm..mm: of worhers Manding
at the haext contuineyd curbon teirachloride in averuge conentra.
nons of from MW 1o Vdd ppm. .

Arr mavement ut the apenng fuce of the hood vasied i velw-
ity fram sem 10 20 fi. per minote, b was derermined that the ex-
hutist (un was otudly ineflectual i removing u_mlummulnl e
from the sl uader certain pecurning condninns of autside
wind velacity und direstinn, wich sy oceurted on the day pl it
Inspecunn. Al There HMEs POnitive Pressure wus crested invide lh_c
hood. the direction of uir flow was reversed, and contuminuicd uir
entered the workroom when the front punc! wus teised. RKecom-
mueadittions were made for redesigning the exhatisl sysem with
the ercction of u shart stach 10 curry off the vapor. Periodic deter-
minations of the effectivencas of the propawd changes and sdded
pres in the hundling of curbon tctruchloride by the wechni.
clans were saggested. Substitution of u loss 10aic solvent was oot
povible hesuuse of stundurdizntion of the eatracion techniguy.

Carbon tetrachloride, i highly toxic substunce. was
heing used in these cases under conditions crroncously
regurded us entirely safe. These two cunes are reported
for the purpose of emphasizing thut complete aafety in
the handling of this treacherous solvent can be anuq:d
hut rarcly, and never when provisions for the protection
of personncl are inudcquate or uncnforceuble. lr} general,
the principke of substitution of u less toxic muterial should
be followed whenever possible.

TOXIC AMBLYOIMA CAUSED #Y EXPOSURL TO MLTHANOE

Casi S.=A Negro lutwwrer, uged 3, wus admitted 10 ('ipcpn.
nuti Generul Hospial compleicly blind. complaining uof vomiting.
ubdominul crumps, und swvere houduche of twa duys’ durutson,
with increming loss of viaon us the other sympioms had sub-
wded. | he onset aceurred 4% hours aficr 4 Sunrduy night drink -
ing hout during which he had consumed at least one-hall pnt
of & muture of wing und whaut un equul puet of u clewr, color.
tess hignd thut he had drned from u metal drum at has plage
of employment,

On admussion 1o the hospital he wus not scutely il There was
ahight ingecion of the conpuncina, The pupiby were dilated
cquilly, measuning & mm. in damerer, Neither reusted 10 light
eacept for occavional slight hippus an strong stimudution, b
hoth contrucied hriskly on convergence. Lhere wus shight mor-
ginal Biurnng of the optw dishs. The seiina wus pormal eseep
for the penpapiliury regions, which were shghtly edemuatous, with
reduced ransparenyy and obwuning af the deeper hlood vessehs
‘the varhon dioasde capacity of the plama was 4% vol. 0 anid
the ¢oncemtration of chlordes 476 my. per 140 ¢o. the resnlis
of tests of byver fuaction were within pormal hmns, the hems.
gram wus pormal There were numerous hyaln casiv 0 the
ueenary swediment on admissutn amd onls G few on sihaeguent
days The unne had o pH oof £.60 A specimen was destad for the
presence of formic ucnd hy o gallic acid mothod Belore and aficr
reduction of poroons of the distlliaie to formaldehvde  Farmae
avkd was found (v by present n high concentritina.

Fhe putient warked a1 g plant cngaged 10 the recomdnoning of
matul drums. He had dratacd off lquad from the Batom of o
reirned Jeum, thinking 11 10 be gram alcohal. The drum was
found 10 have contmned u facauer thinacr composed o “hvdro.
curhon $0% , miaced ulcohols 247, und butanes or esters 24/ ™
Three other men ulo hud drenk some of the sdulicruted wing
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One of these, the patient v case 6, was sdmuied 1 the hinpatal
ol Ihe satiie e waith line of veunn and ackbimes und the mher
e weae sand 10 Rave bl naoswa wnd voniting, | he patien
sdnnnal tin 1 was commen pragtiee for cmployees 1o dnnd

el leom st divme, alibnnigh the was n yuslatem of
vompuny tules. Tle was dochanged improved., CAEM tin bone
vovnut an the minth hoapital day. Theee monthe fater he il

ol harcly pescene onwement in Maght bight, and hoth opts,
disks wore makhedly astophed. .

Cant 4

! A Negto ganio, aged W, when Proight 1o € angin-
aaty General Hanpral was acucly oll, wih wnpated visan ot
Wby duration. On the prey s Saturdday end Sumd o e had
drunk Lage amounts of the lacyuer thinaet desetihed an vase S,
The onset of sympuoms aceurscd with swawere beadache on Moan
shay ulieraoon. A tew homs bner he hogan 10 vonul. He hecame
uu'm.nll\ vontused, restless, anit then shamented. Bhere was
Progressive dimuning o vision on Monday aight aml Loesda,
On snbmisvion 1o the hospitat Wednewlay motsing he was anahle
0 pereeve light. The conpncuvas were sightly aapatad. The
pupts were widely and equally diliated und dad non react 1o LITUTH
On Funduscopie examinatum there win shight edenia al ihe rennas
M oahe periphery of hath apiic dishs und maculas. The cathon
dionnde capacny o) the plasmas was 208 vl ‘. the concentsa-
son of chiorudes was SO0 my. per 1K ce., and the blood had
PHEof 7.23K The resulis of teais of liver function were within
normaul himits, The hemogrum was normal Fhe urine bail a pH
of & und wtrace of albumin was found. There were Ao casts an
the sediment and no eeducing substances by ahe Henabict e,
Sodirm Picarbomne was udnuntered ntravenously aver a peral
of 12 hotrs, wah considerable climeal mpravement. By the
third hospatal dan the patent was fully arienicd There was no
bight percepuon by the right cve und only Jigh perceplion by the
eft, ‘The raght pupil wan Bised. and the lelt reacted sluggishly
10 lights be wien unable o comverge. The fundt were unchangel.
An clecuwardiogram an the fourth haspatal oy had o 1 wave
of fow voliige 0 deads |and 2, with mversion of the | wine in
leady LV OV Vo interpreted as indicating aanspecitic o
cardal damage. A needic bopsy of the Tiver was tahen on the
sinth hosprial day. nine days alier mgestion of 1the alcohal, 1 his
war feporied an howing o few fir of aompecilic liver cell
e, The patient was discharged on the ninth haspatad day.
On cauminatian hve weekhs Lter his vinon was 47200000 cach ey,
He was barely ahle 1o timd his way through doors and 160 avoid
lurge abpects. There was Aow pronounced optic atrophy  with
deep cuppang of hoth diska,

Cast T.— A Negro labarer, uged £V, wis hrowght 1o the € in-
cmnnatt General Hospital revciving ward because of the sudden
onwt of s of vison, He stated that he had been in good healih
until the dan hefore, when he had naus, Tever, chills, weabkfess,
Lightheadedness, excesaivg thirst, and auld shortness of hreath on
caertion. On waukeming the (ollowing marning he was unahlc 10
porccive hight with the Ieft eye and only partialiyv with the nght.
While the other sympioms improsed duoring the aest 4K hours.,
he gradually Jost sematming vivwn in ihe night eye, e wies
admitied 10 the hospital for sty eight davs atier the onser of
symproms, He was aow able o perceive bighi 1or the hirst ume
in four days The pupis were eguad, markedty dilisted and il
Aot react to hight o accommadanan

Ihe ewubar tunds were af
normal appeafancy

The putient vl hiest demiad the mgestion ot mcthanol o any
ather uninaisdl subssnce, Put stated that be ofien deanh whisdy
over week ends, ordinaniy X7 Beand, andd bad Bast baad o deonk
we days before the onser ol ssaiptoms He had heen emplaned
for 1¢ yeurs in the operation of a w.ash tiank 10 which used mictal
drims were dipped i sk Bvdionade as o s step in e onds-
tioming The drums were teaonad from bical indusiciad planis
and usialdly had contunedt same chenucal componad 1 aghs othe
men enpaged 10 the saume work apparenils were in good health
The minager reported that, whale o was sificthy agaiast pham
rules, 1t was common practice [or workmen 1o Jdean the resnd.
vum from drums thid had an alvoholic asbie The patiem was
Last ORsersed 1o div thie ane month helore the onset of alines.
when he fdicd o bottle from a drium and drank o poriion ol @t
Near this man’s work statian l the plant un empin whisky
hattle fabeled “X™ beund was found

SOCALLED SAFE SOLVENTMW=HUGHEN m

Ower u perund of 12 months there was grudual imeravement
of visual acuity 10 mavmum uacerresiad vision of 20770 nght
cve aml 47200 1efl ¢ye. with residuat evidene of optis wtrophy
mare mathed on the eft sale

Mcthanol poisoning arising out of industrial exposure
i secondany in importance to that due 1o ingc\‘_lum.nf
adulterated liquors. A few validated cuses of poioning
ol workmen following the inhalation of the vapor (.11
methanol or ahorption of the liyuid through the .\klp
have been reported. Even some of these hear the suspi-
cion thit the solvent may have heen ingested as well.
“Ihe chiel danger of its use in industry still is the empta-
tion to drink it. The cases deseribed here. while aot com-
pensithle as being due 10 occupational discase or injury,
might have been prevented by closer control of solvent
handhng. The two unrclated epivades of 1ypical methanol
poisonmg with blindness 1n men engaged in the recon-
ditioning of metal drums have led me to regard the din-
order as an unusual rish of this accupation, related to
the temptation to drink from chemical contuiners tha
have the odor of alcohol. b all cises of Monday morning
blindness Saturday night drinking hihitn should he con-
sidered and industrial sources of methanol investigated.

SUUMMARY

There is danger in the handling of ull solvents, al-
though lire and cxplosion are feared more commonly
than are hazirds to health. The selection of & solvent for
a specilic industrial use is a compronise between tech-
nolugical requirements and  comiderations of safety.
Sigaticant absorption of arpanic solveats by workmen
nuny oceur as a result of cither vae of wwa errors: the
acceptance of inexcusishly careless handling of com-
pounds of relatively low toxicity or the provivion of
nadequate control measures in dealing with more toxic
ones. Instances of pulmonary cdema (ollowing exposure
o methylene chloride and of ucute hepatitis in @ man
cxponed to tetrachloroethy lene are desenibed as examples
of the first type of error. The seeond is illustrated by the
report of éases of illness duc to capasure to the vapor of
carbon tetruchloride and hlindacss from the ingestion
ol methanol obtuined at work.

1 den and Hothesdis Aves (1Y),

The Hiolugicul Approasch to Immaunlty.—1n « world that is full
ol muctourganiams capithle of nfecung living tisues, B iy o
PrsHIve Acuessily for sueveval That most caperiences of infection
By any given mactohe should he followed nira by recuavery und
swenmdly By o persisiing insiscepttbility so un altack of the sume
e Perhaps the importa factor 1n the deselopment
of thye particular types of immune reactinn with which we ure
Lamubiar 10 man was the evolution of his animmalian ancestors
tor the most part s rebaively  solitary arborcal snimuls n
vopial ungles  In such eavironments 0 seems bikely thut the
major type of pathugen tha would be enconntercd would b
thase protazoa und sicuses spread by 1ncti—cspesiilly mosguito
—veutors Lo nonimprohabic that the 1ype of immuniy churuc.
ety of human hemngs s essentiully samcthing evolved 1o deu!
fovtively  with antecnon by mosquia-horne viroses of the
yohivmeteser 1y M Al lcust we can he wure that immuniny
s megnanisn that huas been evolved 10 deal with the entry of
foreign avcrooiganinmis timo the body, sad that ot has heen
perfected by the narmal provess of selevtive  survival =Sir
Moacfartane Hurenct, M D The Newer Approach 10 Immuniny

n Bis Hearing on Medicoine und Biology, Britdt Medual duurnal,
July 241w
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frem: J. T. HOBBS ’ to: DR. LESTER V. CRALLEY
INDUSTRIAL HMYSIENE COMMITTEE INDUSTRIAL HYGIENE DEPARTMENT
ALCOA FABRICATING PLANTS PITTSBURGH

he: CONTROLLID ATMOSPHERE GENERATING UNITS

Not long azo we had an unfortunate experience at the Alcoa North Plant
which could have had serious consequences. e felt that it would be worthuhile
tc zive you a smeneral account of the incident in the hope that the information

mizht be of benefit to other plants.

Two brick masons ontered the combustion chamber of a controlled atmosphere
cenerating unit to make répairs. They did not open all available ventilating
DErts or provide any forced ventilation of the chamber. The men were overcome
cresumably by residual CO or CO; gases. Luckily, both were removed from the

chamber quickly and given treatment at first aid.

Henceforth, at Alcoa no one will enter these chambers without opening all
parts and providing forced circulation. An attendant will always be on hand

cutside the chanmber to provide immediate aid if necessary.
Best personal resards.
"J. T, HOBBS

JTH:HP
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