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THRESHOLD LIMIT VALUES FOR 1955

Adopted ot the Seventeenth Annwol Meeting of the Americon Conterence of
G tal Industrial Hygienists, Buffalo, 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 cight-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 control of community air pollution or air pollution nuisances.

ESTABLISHED VALUES

GASES AND VAPORS

S ANTANCL PPM® SURSTANCE PPM®
Acetaldehyde ...l 200 Carbon dioxide ...........c.o.o... 5,000
Aceticacid .......oooiiiiiaa..e, 10 Carbon disulfide ................. 20
Acetic anbydnde .. ... ... ... H Carbon monoxide ................ 100
ACCIONE . .eieiieiiiinneiennnnns 1.000 Carbon tetrachloride ............. 25
Acrolein .......iiiiiiiiiiiiene, 0.5 Cellosolve (2-ethoxyethanol) ..... 200
Acrylonitrile ...l 20 Cellosolve acetate (hydroxyethyl
AMMONIa ...ooiiinneienniiaienas 100 acetate) ... 100
Amylacetate ...l 200 Chlorine «..ovveureniininnaann. 1
Amyl alcohol (iseamyl alcohol)... 100 Chlorobenzene (monochioro-

Aniline ...t 5 benzene) ...l 75
ATSING ..ottt 0.05 Chloroform (trichloromethane) .. 100
Benzene (benzol) ............... 35 1-Chloro-1-nitropropane .......... 20
Bromine ....ccovvveriaiineainaa. 1 Chloroprene (2-chlorobutadiene) .. 25
Butadiene (1,3-butadiene) ...... . 1,000 Cresol (all isomers) ............. S
Butanone (methyl ethyl ketone) ... 250 Cyclohexane .................... 400
Butyl acctate (n-hutyl acctate)... 200 Cyclohexanol .................... 100
Butyl aleohnl {(a-butanol)........ 100 Cyclohexanone 100
Butyl cellosolve (2-butoxyethanol) 200 Cyclohexene .................... 400
® 1‘arte of vapar or gas prer amslbion parts of an, by valunse.
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SUBSTANCE
Cyclopropane ......ceeneeteneeacs 400
o-Dichlorobenzene .....coovaeanes 50
Dichlorodifivoromethane ......... 1,000
1,1-Dichloroethane ........ P 100
1,2-Dichloroethylene ............. 200
Dichloroethyl ether .............. 15
Dichloromonofluoromethane ...... 1,000
1.1-Dichloro-1-nitrocthane ........ 10
Dichlorotetrafiuoroethane ........ 1,000
Diethylamine ......cc0vivnnee veas 25
Dimethylanitine (N-dimethyl-

aniline) ....... Seereiaieneann 5
Dimethylsulfate ................. i
Dioxane (diethylene dioxide)..... 100
Ethyl acetate ........coovvennennn 400
Ethyl alcohol (ethanol).......... 1,000
Ethylamine ..................... 25
Ethyl benzene ................... 200
Ethyl bromide ...........c.0ennn 200
Ethyl chloride ... ........... .. 1,000
Ethyl ether ...... eeeereseacanan 400
Ethyl formate ...........cco.... 100
Ethyl silicate ............. 100
Ethylene chlorohydrin 5

Ethylene dibromide (1,2-dibro-
moethane) ............icuunnee 25

Ethylene dichloride (1,2-dichloro-

ethane) .......c.covveiniiiannn, 100
Ethylene oxide ..........cco..... 100
Fluorine ..........cvvievninnnn.. 0.1
Fluorotrichloromethane .......... 1,000
Formaldehyde .......oovvvnnnnnn. H
Gasoline .........cciiviiiinnnss 500
Heptane (n-heptane) ............ 500
Hexane (n-hexane) ............. $00

Hexanone (methyl butyl ketone).. 100
Hexone (methyl isobutyl ketone).. 100

Hydrogen chloride ............... S
Hydrogen cyanide ............... 10
Hydrogen fiuoride ............... k)
Hydrogen selenide ............... 0.05
Hydrogen sulfide 20
Todine ................. ’ 1
Isophorone ............. 25
Mesityl oxide ................... 50
Methyl acetate .................. 200
Methyl alcohol (methanol)....... 200
Methyl bromide ................. 20
Methyl cellosolve (methoxy-

ethanol) ............... ..., 25
522
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SUBSTANCE
Methyl cellosolve acetate
{ethyiene glycol monomethyl
ether acetate) ............ P
Methyl chloride .................
Methylal (dimethoxymethane) ...
Methy! chloroform (1,1,1-
trichloroethane) ...............
Methylcyclohexane ...... PN
Methylcyclohexanol ..............
Methyicyclohexanone ............
Methyl formate ..........co0ne
Methylene chloride (dichloro-
methane) ......iiiiiiiiiienann
Naphtha (coal tar) .............
Naphtha (petroleum) ...........
Nickel carbonyl .............. e
Nitrobenzene ............coevnnen
Nitroethane ................0o0n
Nitrogen dioxide ................
Nitroglycerin .......oociiiinnn..
Nitromethane ...........ccouvue
2-Nitropropane
Nitrotoluene

Pentanone (methyl propyl ketone)
Perchiorethylene (tetrachloro-

ethylene) .....covineiiniiennnn
Phenol ....ocveiiriinnnnneennens
Phosgene (carbonyl chloride).....
Phosphine .......c...... PRSI

Phosphorus trichloride ...........
Propyl acetate ..........o000nnnn
Propyl alcohol (isopropyl aicohol)
Propyl ether (isopropyl ether)....
Propylene dichloride (1,2-dichloro-
propane)
Stibing ... coiiiiiiiiiiieen
Stoddard solvent ...........c.....
Styrene monomer (pheny!
ethylene) ....oooiniiiinia
Sulfur monochloride
Sulfur dioxide ...............0..
1,1.2,2-Tetrachlorocthane
Toluene ...oovieiiinnnnnnnnennnes
o-Toluidine .....................
Trichloroethylene
Turpentine
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25
100
1,000

S00
500
100
100
100

500
200
500
0.001
1
100
5
035
100
S0
S
500
0.1
1,000
200

400
500




THRESNHOLD LIMIT VALUES

TOXIC DUSTS, FUNES, AND MISTS

NG. PER

SUBSTANCE cu. at
Antimony .. 0.5
Arsenic ...oiiiiiiiiiiiai,. P [ 3
Barium (soluble compounds)......... 0.5
Cadmium ..........o..oa.n. . 0.1
Chlorodiphenyl .....cccvvevnnene.n... 1
Chromic acid and chromates as CrO... 0.1
Cyanide as CN.........ocviinnnna... S
Dinitrotoluene ........ooiiiuinnn... 15
Dinitro-o-cresol .........ccviviunn... 82
Fluoride ..........ovvvivivannnnnne. 25
Ironoxidefume ......ooevvvvnvnannn. 15
T N 0.15
Magnesium oxide fume............... 15
Manganese .................. PO, 6
Mereury ....o.iiiiiiiiieiiiiiiaaan, 0.1
Parathion (0O,0-Diethyl-O--

nitropheny! thiophosphate) ........ 0.1
Pentachloronaphthalene .............. 05
Pentachloropheno! ..........00vven... 0.5
Phosphorus (yellow) ............... 0.1
Phosphorus pentachloride ............ 1
Phosphorus pentasulfide ............. 1

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

MINERAL DUSTS

SUBSTANCE urrcri
Alundum (aluminum oxide)............ 50
Asbestos .....ocniiiiiiiiiiiiiiieniins 5
Carborundum (silicon carbide).......... 50
Dust (nuisance, no free silica).......... 50
Mica (below 5% free silica)............ 2

Portland cement

¢ Milhons of particles per cubic foot of air.

MC. PER
SUBSTANCE cu. u.t
Selenium compounds (as Se)......... 0.1
Sulfuricacid ....oooiiiiiiiiiianinn. i
Tellurium ..oooviiiiiiiiennnnennnen. 0.1
Tetryl (2,4,6-trinitrophenyl-
methylnitramine) .................. 1.5
Trichloronaphthalene H
Trinitrotoluene .......0.ccoviniunnen. 15
Uranium (soluble compounds)....... 0.05
Uranium (insoluble compounds)...... 0.25
Zinc oxide fumes............c.0o0n.n 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, 1953. In addition, see “Per-
missible Dose from External Sources
of lonizing Radiation," Handbook 59,
Department of Commerce, National
Bureau of Standards, Sept. 24, 1954,
SUBSTANCE urrcr
Silica :
high (above 50% free Si0y).......... s
medium (5 to 50% free SiOy)......... 20
fow (below 5% free SiOs)............ 50
Slate (below $% free SiOs)............ S0
Soapstone (below 5% free SiOy)........ 20
Total dust (beiow 5% free Si0y)........ 50

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 the meeting of the American Conference
of Governmental Industrial Hygienists in 1956, if no reason to the conirary is forthcoming.

Aldrin (1,2.4.4,10,]0-bexachlo
Ally! alcohal
Allg) propyl disulfide..
Ammate tsmmosium
Beoryl chioride .....

§ Butyl amioe .....
Butyl mercaptas
Caletum arsenate
Chlordsne {1,246

{1 Cbiortne trifiuoride .....

§ Chiorinated dipbenyl oxide

Crag Herdicide (nodium-2.4.dichlorophenoxy ethyl nulliiz)

-

-
COOMNOO T3

o w
3
~
-4
-
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INDUSTRIAL HEALTH

!.l D(2,4-dichloropheaoxyacetic acid) ....

] me/M
D. T. (2.2-bls-(p<chlorophenyl)-1.1,1-tr 20 mg!N*
Dlmwm aicohol (4-bydroxy<-msetbyl pantsoon ®  ppin
§ Diborsse ....... 0.1 ppm
Dkldrln (l.!.l.t lo 10-bexacblo
dimetbanonaphthaiess) . 0.25 rog/M*
$ mnuomdlbmmomuauo 0 ppm
1 ketol L] ppunt
EPN (clhyl-'-nlu'o 0.5 mg/Ms
Ethy] mercaptan . cesereenvensanan 30 pprn
§ Ethylens diamiae 10 ppia
] 5 ppm
1 mg/M
5 ppm
00  ppm
1 ppm
Hydrogea bromide ... 5 ppm
Hydrogeu peroxide, 90%.. 1 ppm
Hydroquivope .... 2 mg/ Mt
lwpropylcmuu b pul
Lead sreepate ............ 02 mg/M*
Lladaue (bexunlomeyeluhenoe. gamias uomcn 66 ng/M*
Malatboo (0, Mlmnhyl ditbio te of diethyl 15 mg/Me
Metboxychlor l‘ boxypbesyl-1,1,1,trichl ) 15  mg/M*
§ Methy) acetylDe .. c.cuvniriirainruiconrioasniacune .. 1,000 ppm
Methy) lsobutyl earbinol (methyl amyl alcobal) 25 ppm
Methy) merupu.n ®  ppm
Molybden
(whbu eempoundn) 5 mg/M*
15 mg/M*
1 ppin
0.01 wg/M*
01 pym
1] ppm
0.1 myg/M*
1% ppm
10 ppm
0.1 ppmn
Sodiwn bydroxide . 2 mg/M
Bulfur bexafinoride 1,000 pym
Bui(ur pentafivoride . 0.025 ppm
TEDP (tetracthy! ditbivao pyroplospbate 02 mg/M*
TEPP (letraetbyl pyropbospbate). . 0.05 mg/M*
§ p-Tertiary butyl toluege.. . 10 ppm
§ Tetrabydrotursn ...... . ppm
f Tetrauitromethane .. ppm
Titanium dioxide ..... mg/M*
§ Trifluvromonobrotnometbane ppm
Vasadium
(VsOs dust) 06 mg/M*
{V1Os fuwme) 01 mg/M*
§ Zirconhun s mg/M?

Berylhwni: During the past few years, several papers bave appeared in the hiterature which report a limit
of 2y per cubic meter of aic for beryllium. Aunung these s the paper by Van Ordstrand, K. S.: Beryiliosis,
A M. A Arch. Imdust. Hyp, 10:232.234 (bepl.) 1984, and ome by Sterner, J. H.. and hucnbud M.:
Epidennolugy of Beryluum Intoxication, 4. M A, Arch. Iud-n Hyg. 4:12)-151 (Aul) 1951, Conflicting
data from industrial experience bas caused tbe C Threshold Lamst for

the
this material. It is apparent that more epidemiologie wark u “needed for the e:uhluhmtm of a denmite value.

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

Wirtiam L. Batt A. J. Vorwaw
L. T. FAlrHALL Louls F. WeLLEs
Kingsiey Kay ALtan L. Coremax, Chairman

H. E. StoxinGex
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ke: ALUMINIZED CLOTH

We have had the occasion to study an aluminized cloth produced by the Minnesota
¥ining and Mamufacturing 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. Yine 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 1990 E, 69th Street

Cleveland 3, Chio
Industrial Safety Specialties

Co., Inc. American Optical
Eirhth Z Chestnut Streets Southbridge, Mass.
Perkasie, Pennsylvania

Literature has been received from the above companies and while all market face
shields and aluminized asbestos, only the Safety Clothing & Equipment Co. and the

Mine Safety Appliances furnish clothing 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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. 3 SO-CALLED SAFE SOLVENTS—HUGHES
Boecher ' also found the difference between placeho and
morphine more striking with $% carbon dioxide inhalu-
tion than with inhalation of room uir. A partiul expluna-
tion for this fact is that the depression of the respiratory
center is manifested first by a decrease in s reserve. us
measured by its ability 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 thut 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 effect of the drug in patients
breathing room air. A third possibility comes to mind,
however. Ordinary respiration is subject to a certain
amount of voluntary control. The greater variability in

" resplratory rate and minute volume between subjects
when breathing room uir than between the same subjects
beeathing $% carbon dioxide ** suggests that the use of
a powertul involuntary respiratory stimulus may override
voluntary factors and thus reduce the variance due to
pondrug 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 effective alveolar ventilation
sosms 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

JAMA, Nept. IR, 1974

the use of this parnmeter as a vulid indea of respitory
depression, the techniyue muy lead o un underestmiation
of the depressant elfects of morphine. If the dead space
does not change significuntly, the per cent decrement in
ellective alveolar ventiliution would be even greater thun
the decrement in respiritory minute volume, since the
percentage of this volume contributed by deud space
would be greater after administrution of morphine than
ufier administration of a placebo.

SUMMARY AND CONCLUSIONN

A study of puin relicfl in 122 patients efter operation
revealed only slight increuse in potency und duration of
analgesia of morphine when the dose wus ruised from
10 10 15 mg. The side-uction liability and respiratory
eflects of these two doses were studied in 10 healthy vol-
unteers. In this latter group, a trend wus observed toward
greater respiratory depression with the larger d‘.”c‘
and a significantly higher incidence of troublesome side-
eflects was recorded. A review of the literature indicates
that 15 mg. doses of morphine are probubly unnecessury
to relieve pain in the majority of paticnts recciving this
drug and ore apperently more productive of undesiruble
side-eflects than 8 to 10 mg. doses. In view of these
findings the routine use of 15 mg. seems unwarranted.
The optimal dose appeurs to be 10 mg. per 70 k. of bady
weight.

17. Keats, A, §.. sad Beecher. H. K.: Ansigesic Fivency sad Mude
Actton Liablily tn Men of Heptazone, WIN 116812, A-Mcihyl 1hihydeo-
morphine, M Levo-d J ond Pentonardiisl Mwlium, ae 2

Furiher Eflon to Retine Mcthous of Evstuation of Ansigesic Lruus. J.
Pharmacol. & Esper. Theran. 1031 109 (Junc: 1982

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 not use some solvents. The kinds and the quantitics
vary from the can of type cieaner 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 explosivencss are more likely to be consid-
ored than physiological action.

The seiection of a solvent for a specific purposc de-
pends on technological factors, such as required action.
volatility, handling practice (including vapor recovery).
the tendency of the substance to Jeave a residual film on
metal surfaces, cost, and availability. The safety aspect
may be introduced as a last consideration but, perhaps,
only In terms of risk of fire or explosion. The final choice
My is a compromise. While none of the criteria for
sclection can be ignored, only tarely is it possible to mect
all of the demands made. The purchasing agent may sug-
gest & Jow cost petroleum distillate, the fire chief muy

Prom the Kerwring Lavorsiory. Deperiment of Preventive Medicine
duf“.‘“w Nll"ﬂ.dlr Depanment of iniernal Medicing, University

Bosd ot the 13tk Amaual Mesting of the Americen Ind
poemboyin ] ustrial Hygiens

wunt carbon tetrachloride, and the safety engincer may
propose a new preparation ol dubious composition
labeled “Safety Solvent—Nontoxic.” No once will be
completely satisfied, and the industrial hygiene adviser
may be least satisfied of all. A situation thretening 1o
health now may arise. One salvent may be sccepted with-
out question as being “safe™ from the point.ol view of
toxicity and then handled guite carclessly; anather, rec-
ognized as being relatively toxic and reguiring some
control mcasures may be inadequatcly controlled.
Trouble can occur in cither of these situdtions as sup-
gested by some recently obacrved episodes.

PULMONARY EDEMA CAUSED HY LXPOSURE 10
METHYLENE CHLORIDL

Case L—A Negro male luhorer, uged ¥, win admuied 13
Cincinnati General Hospatal because of shortness ol hreath,
cough, and substernal pain of ¢ight hows' duraiion, On his st
duy of employment in o metul parts ussembly shop, he had been
given the job of degremning small copper gashets by dipping them
into an open drum of methylene chlonde He stted tha the
wlvent buth “felt like ice water™ on hiv bure hands. He had
smurting of the eyes on bending over the drum. and he nowed un
oppressive odor. The work area wias found 10 be 1n a small, Jark,
brick garage. There was no exhaust ventlation or mechanical
equipment of any kind for the movement of wir. During the jatter
part of the shifi this boy compluined of excessive fatigue, weik-
ness. sleepiness. lightheadedness, chilly sensalions, und nausca.

e
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Nl 184, No, 3

The st name abien o ttal of foue bours of work. He fell asleep
At onee okt on wabing 1wo hours luter felt very weuk, shon of
Breath, wind bad a ey, nonproductive cough, He hud substeran!
pasn sk comphong and deep breathing,

On dimesaon 1o the hospital his lemperatire win MO F, pulse
tate TEHL and respuatory rate 420 fhere was mild respirutory
distress Kales were heand il the hase of the night lung und ocga-
sonally chewhere over the chest. On u rocaigenogram of the
ehest there was dilfuse, fuzzy antiliraion distoibuted hiluterully
thioughout both lung fickds, characterisue of pulmonury edema
taee gurel. There was aa conjunctivis or irrition of the skin.
The paticnt was treaied with HELIED wnits of penicitlin intra-
muscubariy every cight hours hut did not requiee the sdministen-
ton of ovygen Within 12 houes aficr udmission snd 18 hours
alter the bast enposine, there was 1otal rehief of sympioma: the
emperataie, pubse rate, and respirstory rute were aormal. Fuint
inspiatony and expiratory rales were Mill heurd «t the base of
hoth dungs, but thew had disappeared o few hours later. The
tesults af complete blaad cell count, urinulysis, hlood cultuse,
and bliwnd wrea mitrogen determinution semained normal, Chest
toenigenograms made afier intervals of thice snd five duys were
aormal, and the patient wan then dischurged from the hospital.

Methyvlene chloride, alvo called  dichloromethane.
CH_ClL.. his come into increasing industrial use us o paint
remaver, refrigerant, and. less extensively, as a depreas-
ing sobvent, 1t has o pronounced narcotic action, but it
in more irritiating to the respiratory system and more
cxcitatory than iv chloroform.' In industrial use only
slight acute cllects had been reported until 1952 when
Moskowitz and Shapiro reported the clinical histories of
four men exposed to 2 high concentration of methylenc
chloride vapor in a plunt where un olcoresin was cx-
tracted from vegetable materiul.: There was loss of con-
sciotsness in all of those exposed. with one immediate
death and some irritation of the upper respiratory tract
of short duration in the others,

Methylene chloride had been described by Browning
as practically harmiew™ in ordinary use.' When the
local vendor of the solvent was advised of the illness of
the boy referred to ahove he stated vigorously that some
other solvent must have been used. since mcethylene
chloride is so “safe.” As o matter of fact. this was found
to be the only volatile substunce in the shop. The sug-
gested mavimum tolerable concentration of methylenc
chlorude under conditions of regular industrial employ-
ment s SO0 ppm. Nevertheless, it should be recognized
that this sofvent s capitbie of acting as a pronounced
respitatony aretant, The probability of some absorption
ol the solvent thiough the shin, in addition 1o the inhala-
ton ol vapor, must be considered as i contributing factor
0t case. The halopenated hsdrocarbons are excreted
chuethy through the lungs, regardioss of the mode of ab-
sarpuon. Pulmonany eritition nen ogceur as i result of
the exviction, as well an the absarption. of these sub-
stanoes.

ACUTL M PATTHIS DO TOWING ENPOSLRY 1D
TEIRACHIOROITHYLL SN

Cant 2 — A whae male 2%acar-old sales trainee of a chemee
Cal company s adouied tooa hospital in another ey in Apnil,
1940 hevatne of pundice. weakness, and anoresta. $he onsel of
svmptems ad oceirred 10 dass carhier, with paosed, voniting,
dark unine, light hrown stoly, and deepening gaundice. For s
months prior 1o the onset of sympoms he had worked on main.
tenance and repiar of solvent circubating systems n Jty cleaning
eatablishments, For o perind of 1 wecks up o the tume that he
revame il he had worked regularly on tetrachlorocthy lene unis
Hiv job ddiies aneluded the rehithing of systems with solvent,

B A e A o

$O-CALLED SAFE BOLVENTS—HUGHES 235

mechanicul repuirs, and test running of units. When emergency
repuirs were necensary he ofien worked 12 10 16 hour shifs and
sometimes over weck ends without regulsr days off. Exposurg to
the solvent, both as liquid and vupor averaged over sight hours
rer duy. When lines were repuired some of the soivent drained
out onto the ficor. The servicemen often worked near these spllls.
Ihe clcuning plants usually were hot, humid, and poorly venti-
luted. No gloves or other personal protective equipment were
uncd. On one occasion this man had spilled s pall of tetrachloro-
cthylcne over his shirt and trousers. He noted a burning snd
tingling sensution of the skin untll he changed his garmenis
weverul hours later. On 1wo or three occesions he became light-
heuded when the concentration of vapor seemed especially heavy
but returned to work after 8 short period in fresh air. The odor
of teirachioroethylene becsme increasingly distasteful to him
during this period. For two weeks before the onset of fliness
there way excenive fatigue and unususl difficulty in rising In
the morning.

MHienigcnogram of the chest of man esposed 10 methylens chiloride
(case 1.

‘The medicul history was not significant except that the patient
hud reccived one intrumuscuinr injection of penicillin in the
treatment of a briel episode of nauses and vomiting on Feb. 7,
1983, 10 weeks prior to the onset of this iliness. He rarely
drunk uny type of alcoholic beverage end never to the point of
intoxication. On admission 10 the hospital he was jaundiced. The
resulis obtuined from tewts of liver function were grossty abnore
mul und suggesive of hepatocellulur Jdysfunction. He made an
uneveniful recovery, but when he wus examined four weeks
luter there wus alill some evidence of impaired liver {unction,
The resultn of hemogrum and urinalysis were within normal
limita,

He wus removed from work on systems designed for the use
of chiorinuted hydrocurbon solvents but continued in the job of
wles und muinicnunce work on other types of soivent units.
len months sfier the scute fliness, he reported that on one of

t. Wrowning, E.:. Touicity of industrial Organic Soivents, Naw Yerk,
< hemicul Puniishing L ompany. inc., 193],

1 Moinwitz, 5., end Bhapiro. H.: Pawal Baposure W0
Chiaride Vapor, A M A, Atch Indusl. Hys. 81116 (Aug) 1952

U Threshold Limit Values for 1954, Adopied st the Mesing of the
Amerivun Lonletence of Gover al Hy Chisago,
1984, A M. A Arch. indust. Hys. 8130 Uune) 1954,

APC 001316




pAT) SOSCALLED SAFE SOLVENTS—HUGHES

two occusians when he hud warked brefly acar o tcirachhywoe.
cthylene system he hud eapericnced ausen immediately on -
tesing the Lunat asbor of the salvent,

Tetrachlorocthylene, CCL:CCL, ubso called perchlor-
cthyiene. is ususully placed lowest in toxicity in the
weending series of chivrinated bydrocarbons used os dry
cleaning agents. Until recently no unchalienged cuses of
toxic cflects from ity industrind use had heen reparted.
Coler und Rossmilier huve now presented some clinical
obacrvations us being suggestive of impairment of liver
function in three men of u group of seven eagaged part
time in the degreasing of small steel disks in 4 tank con-
taining tetruchlorocthylene.t Complainis of headache.
nausca, lighthcadedness, futigue. stuggering gait, and
mentul confusion were said to have been common among
these men. Concentrations of tetruchlorocthylene in the
atmosphere of the workroom were reported 1o average
from 232 1o 2KS ppm parts of wir.

In our patient littic or no precaution had heen taken
to avoid inhalation of solvent vapor or contamination of
the skin since tetrachlorocthylene was regurded us being
“practically nontoxic.™ Symptoms of narcotic effect on
several occusions preceded the episode of acute iliness
charucterized by juundice. It seemed clear that this man
had ubsorbed tetrachlorocthylene in substuntinl amounts.
The temporal relationship of the onset of ucute hepatitis
to repeated huzurdous exposures suggests that solvent
intoxicution was cither the sole cuusative factor in the
illness or a contributory factor in rendering the liver
susceptible to uttuck hy an infectious agent.

These two cases show injury 10 workmen resulting
from the permission of incxcusuhly carciess hundiing of
compounds of a relatively low order of toxicity. but dif-
ficultics also may arise in dealing with solvents uccepted
us highly toxic when the meusures provided for the con-
trol of exposure to them ure cither inadequute or un-
enforceable.

NAUSEA AND VOMITING CAUSED BY EXPOSURE TO
CARBON TETRACHLORIDL

Cast L.—A while femule Ishoraory technicinn, uged 26,
reporied 1o the burciau of industriul heulth of the Cincinnan
Heulth Depuriment thut she had just become ill on the jub while
hundling curbon tctiruchloride. She compluined of nuusca und
heuduche und had heen unuble 10 tuhe her lunch. She wis em-
ployed in the qualuy control luboratory of 4 manufuciurer of
roofing mutcrials. A principul job duty was the solvent eatraction
of usphult from sumples of roofing paper. I his was done uccord-
ng 1o & stundurd speciticution hy hailing stripy of the asphuti-
mmpregnuted puper an u LG ml. beaker of carbon 1etrachloride
on un clectric hot plute inside #n enciosed hood equipped with
un cxhaus fun. The sirips in the beakher were agnanted ut intervals
of 1wo or three minuies during the 20 minute extruction period.
Extructed muierial und speat solveat were poured off into o dran
inside the hood once ar twice during cuch estruction und the
beuher wus refllied. A gluss sliding puncl on the Iront of the howd
was ranned for thie purpos. Temperuture and humidity in the
luborutory room were controlicd hy wir comdiioning.

The girl hud worked on thiv joh for 4 period of (wo yeurs,
Shortly ufter being hircd. on u diy when the mlor of carbon tetra-
chloride wus strongly perceptible, she hud had headache, nanscu,
und vomuuing. cauang her o lose three days from work. OOn¢
your futer u similur episode oecurred, und agam she was off work
for severul duys. She now evpericnced it on days when onl-
side wind veiocity was s greut us 1o mnterfere markedly with the

4 Colet, H H. and Romemitier. H. R 1
. . - HO R Tettabiorctdviene Faponurg
n oo dmull induiry. A M A Arch Indust Hyw m1 327 enepty 1001,

J.AMAL Kepi. 1R, 1954

actin af the houwd eahauat fan. Lhe dliness repanted te the heulth
depariment hud s 00wt on such @ day. There was improvement
after Aesng ownaide the Juboratony for severst hours, sithough
headache peesistesd during the evening.

Canl d=A white female lihotatory techniwcnm, aged 22,
employed on the same job as the woman in cune N, vcompluingd
of Rasen and belching and was vnable w ke her fuach on i
duy. While she bt acver been so sl st remain off work, she
Jdid report mild munca when dhe ddetested u heuvy odor of carbon
etrachiorube in the laborstory, Fhas occurred on the uscrige of
onee woeehkly.

An inspection of the luhorniory wis mude  few hours wlier
the report was reeeived. P here was said 10 huve been little change
i condimions mace the onset of symploms in the twechaicians,
Samples of air coliccted ut the breathing rone of workers sunding
al the hood contained curbon teirachloride in uveruge concentiru-
1ons of from 3 1o 3dd ppm.

Air movement ut the opening fuce of the hood varied in veiw.
ity from zero 1o 20 {1 per minuic. It wus determined thul the e
hatist fon was 10tully incffeciual in removing cantuminated uir
from the hood omler ¢ertain securring comdnions of owmside
wind velocity und direction, such us occurred on the day of our
ApeEtion. At these 1INIes Ponilive pressire wins efcuted inside the
hood, The direction of uir flow was reversed, und contuminuted wir
entered the workroom when the front punct was raised. Recom-
mendntions were made for redesigning the eahaust sysiem with
the erection of u short stach 10 carry off the vapor, Periodie deter-
minutions of the effectiveness of the proposed changes snd udded
precusiions in the hundling of curbon tetruchloride by the t1echni.
ciuns were suggested. Substitution of u lew tosic solvent wis aot
possible Decuuse of stuadardization of the eatraction techniquy.

Carbon tctrachloride. o highly toxic substance, wins
heing used in these citses under conditions erroncously
regurded ax entircly safe. These two cuses are reported
for the purpose of emphasizing that complcte sfety in
the handling of this treacherous solvent can be assured
hut rarely, and never when provisions for the protection
of personncl are inadeguate or unenforcenble. In general.
the principle of substitution of u less toxic material should
be followed whenever possible.

TOXIC AMELYOPRIA CAUSED BY EXPOSURE 10O MLTHANOL

¢ ast S.—A Negro luborer, uged W, was admitted 10 Cincin-
nuti General Hospral completely blind. complaining of vomiting,
ubdominul crumps, und wvere headuche of twa duyy’ duration,
with incraning foss of vision as the other symprome hud suh.
wied. The onset accurred 4% hours afier u Sutnrduy night drink-
ing hout during which he had consumed ul Jeast one-hall pint
of u minture of wine und ubout un equul purl of u ¢leur, color.
less liguid that he bad drained from o mel drum o his place
of employment,

On admision 10 the hospital he was aot ucuicly 1L There was
sight injecuon of the conjuncinva. The pupils were dilated
cyually, measuring 6 mm. in diameter. Neither reucied to hight
eavept for occusonal slight huppus on sirong stimulution,
hath contrucied brishly on convergence. There was shight mar-
ginal Blurning of the optic disks. The renna wus normal eaeept
for 1he peripupillury regions, which were shightly edematous, with
reduced transparency nnd obswcuring of the deeper blood vessel,
The curbon dionde capacity of the plisama was 48 vol. ‘0 anil
the concentration of chlordes 476 my. per 1 co. The resulis
of tests of diver function were within normal limits, the hemu.
gram wus normat There were numerous hyuhin casts e the
urthary swdiment on admisaon snd oniv o few on sahweguenn
ditys. The uning had u pH of £ 6. A specimen was tested [in the
presence of formic acid by o galbe acad mothod belore and afie:
reduction of pornons of the distdline to formabbehade b ormie
acud was found 10 Be present n high concentritions

‘The putiear warked ut a plant engaged i the recondimoning of
metal drims. He had draned off hguid from the bortom of 5
rewerned drum, thinking ot 1o be gran alcohal. The drum was
found 10 have contuined o lucquet thinnrer composed of “hyilro-
curhons 20%  miacd ulcohols 24 ¢, und butanes or eaters 287,
Three other men ulvo hud drunk some of the wdulicruted wine
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Oac of these, e patient in tise f, was admntied 10 the hinpital
At The e time wath doss of viston and scunlons wnd the othe
wen wore said 10 have ol nasea wnd vonthing, Lhe patent
wdmetied that 0w common practice lor coplayees 1o donb
nnaterial hom sctinncd droms, although thes was 1 violatem of
vopany tiles e was dischanged improved, eaept b b o
s, an the st hospaal day. Ehiee monibs fater he stell

vauld hatelv perceive movement in gl hight, wnd hath apu
dishs were manhedly atvoplued

Cast 6o A Negio pamibon, aged M, when hoaght 1 € mcin-

nitt Coencral Howpital was aceely . with impasied vioon of
twa dday S duraton. On ihe previss Sanrday and Sumd iy be haal
drunk Birge amounis of the lacguer theancr described i case .
The anser of symprams accuried with sesere headache on Mon
dav slternoon A few houns daier he began 1o vomit, He hecame
mentally contised, restless, and then disotented. Phete was
Progressive sbimmung ol viven on Monday saght and §oesday.
Onadansaon 1o the hospital Wedneslay aumng he was wnishle
to petceeve hyght. The conpunciivin were shightly ainpeaiad. The
pupils were widely and equadly dilased and did 0ol react w hight.
On fuaduscopic exanunatinn thee win slight edenu of the rennae
ol the periphery of Both opie disks und maculas. The cathon
dhonisbe cupacaty of the plasaia was 20K val. ‘4. the concenira-
1on af chlorides was SO my. per 100 ¢e., and the Mod hid o
pH of 2.2K The resalis of tens of hiver funcuon were within
normul limits. Lhe hemogram was aornad. The weine hail a pH
of &, und o trace of albumin was found. Thete were o cists in
the sediment and no reducing substiunces by the Henedict test,
Soduim migarbomite was dninsieied ntravenously over a penad
of 12 how with gonsiderable ¢limical improvement. Hy ihe
thard hospatal day the paticnt was tully seented There was no
light pervepiwn by the right cve und only shight percepiion by the
lefn, “he it pupil was fived, and the Jeft reacted stuggishly
10 lights he was unable 1o converge. The fundi were uachanged.
An clectioacanbogram on the fourth hospatal day bhad o 1 wawve
of low voliage i Jeads 1 oand 2, with inversion of the | wine n
feds L, VOV Voanerpectad as indicating aonspecitic myao-
cirdial damage. A needic hropsy of the hiver was fshen on e
sidh hospital day. ainge days atier mmgestion of the aleohol. This
was reported e showing o few fowr of noaspecilic liver cell
necrone, The patient was discharged on the ninth hospid day.
On exuminaiion live weeks fiter bis vision was 87200 in gach cye,
He was barely able 10 find his way through doors and to avoid
lurge abecis, There was now pronounced oplic atrophy with
duep cupping of hoth diska,

Cast 7.— A Negro iborer, uged $3, was bronght 1o the Cine
cinnati General Hospatal receiving ward because of the sudden
onwt of Joss o vimion He stated thit he hid beeain good healith
untsl the duy before, when he had nansei. fever, chifly, weakness,
Lightheadedness, excessive thirsi, and mild shoriaess of hreath on
exeruon. On wukening the following morning he was unabic 10
porceive bight with the left eye und anly partaliy with the tight.
While the other sympioms improsed duning the acyt 4K haurs,
he gradually lost remaming vision an e nighe eye. He wins
adanutted 10 the hospital for study esght dass atier the onsel of
aymproms. He was now able 1o percerve bight 1or the fien nme
in four davs. The pupils were equal, atarhedly dilined and did
Aot react 1o light o accommadation. The acular {undi were of
normal upprarance

The putient al first demied the ngestion ot methanol o any
other unusual sbatance, but stated e he ofien drank whinks
aver week eads, ordinanly X7 hrand, and had Lest bad o donl
ma days before the onser of sumpiomes He had been emplosed
for 1% sears 10 the operanion of a wash ank 10 which used mgtat
drums were dipped in sondinm hvdioside as a st siep i reconds-
noning The drums were recened from docat andusirad planis
amd inaally had contancd some cheancal compaoend § sght bt
men engaged 10 the samie work appareath were ain goad health
The manager reported that, while it was it agaiasa plant
ruley, 1t wis common pragtice far workmen 1o dran the resud-
uum from drums thal had an aleobaln odor The panent was
Lot abservad 10 do thin one month Relare the onses af alines
when he fdled w honle from o drum and drank.a portion of ©
Near thee man’s work station wl the planl un empn whisdky
hattfe labheled X7 hrund was found.
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Ower o periad of 12 months there wus gruddual imorovement
af visual avuity 10 mavmum unacarrecicd vision of 2/70 night
eve and 47200 1efi cye. with readual evidence of optic utrophy
more mashed on the left e

Methanol pononing arising out of industrial exposure
in secondury in impurtince to that due 1o ingestion of
adulterated liguors. A few vahdiated cases of poisoning
of workmen following the inhalation of the vapar of
methanol or absorption of the byuid through the «kin
have heen reported. Even same of these bear the suspi-
cion that the solvent miay have been ingested an well.
T he chiel dinger of its use in industry still is the tempta-
tion to drink it The cases deseribed here, while not com-
pensahle as being due to occupational discise or injury,
might have heen prevented by closer control of solvent
handling. The two unrclated cpisodes of typical methanol
poisaning with hlindncss 1in men engaged in the recon-
ditioning of metal drums have led me to regard the dis-
order s an unusual rish of this occupation. related o
the temptation 1o drink from chemical containers that
have the odor of aleohol. In all cuses of Monday morning
blindness Saturday night drinking habity should be con-
sidered snd industrial sources of methanal investigated.

SUMMARY

There is danger in the handling of ull solvents, ul-
though fire and explosion are feared more commonly
thiun arc haziirds to health. The selection of a solvent for
a specitic industrial use is o compromise hetween tech-
nolugical requirements and considerations of safety.
Significant absorption of organic solvents by workmen
may oceur s a result of either one of two crrors: the
aceeptance of inexcusably carcless handling of com-
pounds of relatively low tozicity or the provision of
inadequate control meisures in dealing with more toxic
anes. Instances of pulmonary edema following exposure
to micthylene chloride and of acute hepatitis in a man
exposcd 1o tetrachloracthylenc are described as examples
of the first type of crror. The second is illustrated by the
repart of ases of iliness duc 10 exposure 10 the vapor of
carhon tetrachloride und bhindness from the ingestion
of methanol ohtained at work.

fden and Rethesdis Aves, 11V,

The Biologicul Approsch to mmunlty.—In & world that iv full
of mcroorganisms capahie o8 nfecting Iiving tisues, it iy o
postive aceessity for survivid that most expertences of infecuun
By wny given microhe shoauld be followed heat by recovery wnd
weeondly by o perssting insesceptibility to nn uttach of the sume
disgasg. . Perhaps the smpurient factor in the desclopment
of the paruicubar 1ypes of immune reactinn with which we sre
fanuliar in man was the cvoluson al s mammalian ancevors
for the most part s rekistively  sobitary arhorcal ammulbs n
vopial jungles. In such eavirconmenis it seems bikely thut the
majar type of pathogen that woulld be encountered would bhe
Hiase protosoa iod vineses spread by insect—espevially mosquito
——vectars s not improbabic that the type of immunily chursc-
teninti of huatin hengs s easentislly something cvolved to deu!
clecinely waith mlecnon By moswquito-harne viruses of the
ycllow-tever 1ype At lcasy we cun he sure that immunny
s 0 meenanim that as been evolved 10 deal with the entry of
foreign mucrontganisms nte the hody, and thid 1t hus heen
perfected My the normal prowess of elective survival —=Sir
Moaclarlane Burnet, M 1) The Scwer Approach to Immunity

1n i Heanmng on Medicine und Biology, Bridt Medical Journal,
July 24,194

APC 001318



N

(XY
1

]

cory

April 27, 1935

J. T. HOBBS to: DR. LESTER V. CRALIEY
INDUSTRIAL HYSIENE COMMITTEE INDUSTRIAL HYGIENE DEPARTVMENT
ALCOA FABRICATING PLANTS PITTSBURGH

he: CONTROLLLD ATMOSPHERE GENERATING UNITS

Not long ago we had an unfortunate experience at the Alcoa North Plant
which could have had serious consequences. we felt that it would be worthwhile
tz zive you a zeneral account of the incident in the hope that the informaticn

might be of benefit to other plants.

Tvo brick masons entered the combustion chamber of a controlled atmosphere
cenerating unit to make répairs. They did not open all available ventilating
czrts or provide any forced ventilation of the chamber. The men were overcome
cresumzbly 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 chamber to provide immediate aid if necessary.

bDest personal regards.,

J. T. HOBBS
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