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Butyl Cellosolve * (CHy,OCH,CH,0H
—2-butoxyethanol) is a glycol ether with ex-
r for many of the resins

It is a useful
coupling agent, because it is miscible with

water and with most solvents and many oils.
In surface coatings it imparts blush resist-

cellent solvent powe
used in surface coatings.

ance, gloss, and good flow-out.
employed in metal cleaners,
soaps, and hydraulic fluids,
solve has a s
20/20 C,

a vapor pressure of 0.76

mm. Hg at 20 C.
Vapor-

saturated air at room temperature
has a concentration of the order of 1000
ppm butyl Cellosolve. Its relat
tion rate is 1, in a scale in which that of
Cellosolve is 5, butyl alcohol, 7, methyl

Cellosolve, 8, Xylene, 10, toluene, 40, and
acetone, 200. s

Previous. Work

ive evapora-

-Browning ! summarized the scanty litera-

ture upon the toxicity of butyl Cellosolve
and mentioned isolated complaints of eye
and nose irritation and headache. She found
only one report of possible systemic effect
In a workman. This man twice suffered
attacks of hematuria while working with
both butyl Cellosolve and butyl -Carbitol.
——

Received for publication April 13, 1956.

Mellon Institute of Industrial Research,

Presented in part at the Annual Meeting of the
American Industrial Hygiene Association, Phila-
delphia, April 23-27, 1956. .

* Cellosolve is a trade-
of Union Carbide and
designates an ether of [
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mark name, the property
Carbon  Corporation. 1t
thylene glycol,

It is also
dry-cleaning
Butyl Cello-
a specific gravity of 0.9019 at
a boiling point of 1712 C, and

The most extensive publication upoy
toxicity of butyl Cellosolve is the ser
three papers by Werner and his assod
These workers compared the effects J
halation of five glycol ethers, In g
seven-hour inbalations by mice,? butyl @
solve was found to have an L. C.so o
ppm. Death resulted ag late as the f
week after inhalation. The usual sigy
toxic action was dyspnea. Inhalation ofg
lethal concentrations resulted in hemogl
nuria. Changes were frequently :

seen i
spleen, occasionally in the liver, lungs g
kidneys.

In rats inhaling 320 ppm s

&

emia. In dogs inhaling 400 ppm fo
weeks, they * found no indication of he}
Iytic action, little damage to bone mar#

weeks of rest. Hemoglobin, red blood §
count, and hematocrit were somewhat
duced, and some hypochromia, polychrof
tophilia, and microcytosis were seen. Calch
oxalate crystals were present in the urf
and there was moderate retention of uj
It was concluded that butyl Cellosolve i
duces in rodents hemolysis of red blg
cells, with resulting circulation of immat8
forms, but that dogs are resistant to (&
action. Butyl Cellosolve was the most tof§
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dling of the Ssolvent is no great hazard be-
cause of its-low volatility.
On the basis of this experimental work a3
threshold limit of 200 PPm has been widely
accepted. On the other hand Browning,?
Patty,® and Elkins 7 have each proposed that:
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TOXICITY OF BUTYL CELLOSOLVE SOLVENT

lower threshold limits would be more appro-
priate, the lowest value suggested being 25

ppm.

In view of the increasing number and
variety of applications for butyl Cellosolve,
work was undertaken to throw more light
upon the nature of its action and to form
a better estimate of the tolerated concentra-
tion.

Demonstration of a Metabolite

Butyl Cellosolve is not amenable to ready
identification and estimation in body fluids.
It is a reasonable postulate that this glycol
ether is oxidized in the mammalian body to
butoxyacetic acid. The development and use
of the following analytical method verified
this postulate.

Reagents—The reagents used consisted of the
following :
(1) Concentrated H.SO, .
(2) Ten per cent sodium tungstate, 100 gm. C. P.
Na:WO.4H.O per liter distilled water
(3) Van Slyke protein reagent® .
(4) Alcohol-ammonia chromatogram solvent, 99
ml. 95% EtOH + 1 ml. NH,OH, sp. gr. 0.9
(5) Indicator, 50 mg. bromophenol blue - 200 mg.
citric acid in 100 ml. distilled water
(6) NH.OH, sp. gr. 0.9
Procedure—(a) Blood: The proteins of a 5 ml.
sample of venous blood were precipitated with
Van Slyke reagent. After filtration the filtrate or
a suitable aliquot was extracted for 24 hours with
ether. The ether extract was washed with 5 ml
NH.OH, and the alkaline solution was evaporated
to dryness under an infrared lamp. The residue
was taken up in 0.2 to 1.0 ml. distilled water, and
10 A portions were spotted on chromatogram paper.
The development of the chromatogram and the esti-
mation of butoxyacetic acid were carried out by
the method described by Nair® with use of the
chromatogram solvent.

(b) Urine: One milliliter of the sodium tung-~
state solution was added to each twenty milliliters
of the urine sample, and the mixture was then

- acidified with concentrated H.SO, against Congo
red paper. After ether extraction the extract was
washed with NH,OH several times. The alkaline
washings were collected and diluted to 5-25 ml. in
a volumetric flask, depénding on the amount of
urine sampled.

Ten lambda aliquots were spotted on the paper

- along with known amounts of butoxyacetic acid as
the ammonium salt and chromatographed. At the
end of the run the indicator was sprayed on the
paper, and an estimation of the amount of butoxy-

acetic acid in the urine extracts was made. Pre-
liminary work indicated that the extraction of the
butoxyacetic acid from urine was completed with
seven changes of ether per volume of aqueous
liquid. A 16-hour extraction in a liguid-liquid
extractor met this condition sufficiently.

The R valuex100 of butoxyacetic acid under
the conditions of the method is 55-59. The lower
limit of detection is 25y, and the upper limit to
read conveniently is 500 y. The aliquots of the
alkaline wash spotted on the paper are adjusted to
keep the quantity of acid within these limits. It is
important that no more than 10 A of solution at a
time be applied to the paper at any one location.
If necessary, repetitive applications, alternating
with drying, may be employed to concentrate suf-
ficient material on the paper for analysis. In the
analysis of urine samples a large amount of ex-
traneous material may show up on the paper as a
long streak, but the upper limit of travel will be
well below the butoxyacetic acid spot.

The estimation of the amount of butoxyacetic
acid in a spot on the paper is made by comparison
with spots containing known amounts of butoxy-
acetic acid run simultaneously. The circumference
and depth of color are two general criteria em-
ployed in making this comparison. At the present
time there is no commercial densitometer capable
of making quantitative measurements with this
type of chromatogram. Consequently we are
obliged to accept the inaccuracy of a visual com-
parison. This unavoidable uncertainty reduces the
quantitative significance of butoxyacetic acid esti-
mates.

For rigorous identification a large amount of
urine was collected from rabbits inhaling 400 ppm
butyl Cellosolve for four hours. By ‘means of a
silicic acid column™ the metabolite was isolated
from the urine. The melting point of the p-phenyl-
phenacyl ester of the isolated metabolite was not
depressed upon the addition of the same ester
synthesized from an authentic sample of butoxy-
acetic acid.*

Table 1 presents urinary butoxyacetic
acid excretion by various animal species
after inhalation of butyl Cellosolve. With
the exception of the dogs, a correlation
between the vapor concentration and bu-
toxyacetic acid excretion is suggested. Con-
current studies showed that most of the
metabolite is excreted in 24 hours.

We were unable to demonstrate butoxy-
acetic acid in the blood of animals inhaling
butyl Cellosolve. It was found, however, in
the blood of rabbits four hours after an

intravenously administered dose of butyl

* References 11 and 12.
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4. M. A. ARCHIVES OF INDUSTRIAL HE

Cellosolve and in the urine collected during
the 24 hours following the dose. Accord.
ingly it is reasonable to suppose that it is
present in the blood of animals inhaling the
glycol ether but at a concentration too low

erythrocytes were found in the urine §

time. It was concluded that the hem

nuria was produced by in vive hem
and that kidney injury was not respo

PRy,
aw.

g
q

3
L

for detection by the present method.

TavLe 1 —Butoxyacetic 4cig Found In
Twenty-Four-Hour Urine Samples from
Animals  Inhating Butyl * Cellosolve
Vapor for Four Howrs

Approx. Estimated
apor Butoxy-
Animals, Concentration, acetic
No. Species Sex Ppm Acid, Mg.
1 Dog M 400 55
1 Dog F 200 42
1 Dog M 200 100
6 Rabbits M 400 89-302
2 Rabbits M 200 12-23
27 Rats ¥ 400 14*
17 Rats ¥ 200 ”
12 Rats ¥ 100 1*
12 Guines pigs M - 200 5
12 Gunea pigs M 100 4*

During the repeated inhalation stg
described later, transient hemoglob
was observed in rodents. It was ev;
during the first few hours of inhalatiof
was not seen at all after the third d
inhalation. In a massive inhalatiof
vapors almost saturated at room temd
ture, the urine of female ratg became \
black with hemoglobin. The blood
globin concentration was halved by a st
hour inhalation; the erythrocyte county
reduced even further, and the leu
count was raised to the same extent.

In order to follow the course of in vivo a
lysis, a test of red blood cell osmotic fragilit]

used. A series of stock solutions of dried 56
chloride in double distilled water was preg

FREEDAR i

* Mean value per animal caleulated by dividing total millj-

§rams in a pooled urine sample by the number of animals,

Hemolytic Effects

As early as 1938 this laboratory found
that hemoglobinuria was evident in many
rats dying after an oral dose of butyl Cello-
solve.” The report by Werner’s group 3 that
rodents develop hemolytic anemia during in-
halation dictated that hemolytic  effects
should be studied in animals absorbing the
glycol ether.

To determine whether the hemoglobinuria
was produced by cellular destruction in the
kidney or by in vivo hemolysis, eight female
rats inhaled 432 ppm and were killed in
pairs at two-hour intervals, Kidney sections
were studied microscopically; intact erythro-
Cytes were sought in the urine, and hemin
crystals were searched for by Teichmann’s
method.’  Slight cloudy swelling of the
kidney was seen after two hours, and path-
ology had increased only to marked cloudy
swelling of convoluted and loop tubules
after eight hours. In vivo hemolysis was

evident in two hours and severe after

eight
hours.

Hemin crystals were found in the
urine after four hours. Hemoglobinuria was
evident in about three hours, but no intact

116

differing in concentration by 0.02% from 4
to 0.52% and by 0.04% from 0.56% to 08
One milliliter of euch solution was placed §
separate clean 12 by 75 mm. test tube. One}
of whole blood was dispensed into each testig
from a 22 gauge hypodermic needle held ak
angle of 45 deg. with the long bevel downvy
Without delay the blood was thoroughly ng
with the saline by inverting each tube twice. §
tubes were held at room temperature for §
hours. Initial hemolysis was designatéd as¥
highest saline concentration in which the supas
tant liquid first acquired a discernible vellovg
hue, and complete hemolysis as the highest §
centration in which there was no visible laye@
intact cells on the bottom of the tube whilel
liquid was a transparent deep-red color.
Typical erythrocyte osmotic fragility o
ues for untreated rats are initial hémold
in 048% saline and complete in 0.40¢
written here as 0.48-0.40. The test is repl
ducible to within one tube in the conicentg
tion series employed.

Erythrocyte osmotic f ragility values wi@
followed on six female rats during ng
daily seven-hour inhalations of 200 P
butyl Cellosolve. Each day during inhal3
tion fragility rose as high as 0.68-0.48 an
returned to normal overnight. In a similap2
experiment, by the fourth day the erythro:d
Cyte count had fallen by 50%, and th
hemoglobin level by 25%,. A five-day re;

7
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TABLE 2—~In Vitro

N

and I'n

!
3
Vive Resﬁon.vc: of M asmmaliny, Erythrocytes to g
Butyl C, ellosolve apg to Sodium Butoxy(zcemte 3
— " = - \N‘
In Vitre Response* In Vivo Response g}
e —— T SR - [ — :
2.5% Butyl 0.1% Na ;(
Cc'i,losolve Butox;acecate K
i — y
Max., Time Ma:g. Time Min. Time Osniotic Fragiht.y upon Hemoglo’
Without Wxthoup to Inhalation ~ of Buty] Inhslag
Animals, Sex Hemolysis, Hcmolysm, Hemolysls, Cellosolve Ceuoso},‘.
No. Species Min. Ming, Min. %
— s — T ——— @
2 Rats F 46 Sigmficant increase gt Seen at
3 Rats 3540 40-60 62 ppmx4 by, but nog
2 Rats ¥ 3540 40-46 hr.
i —— — T T ——— |
2 Mice M 25-30 Significant increase at Seen at 200}
2 Mice M 4045 50-60 least as Jow gg 100 | at 100 pg
1 Mouse F - 55 DPPMX7 hr. >
) e D S e
: 2 Rabbits M 110-113 Signifcant increase at Not seen gt
i 4 Rabbits M 60-90 80~10g 125 ppmX7 hr. PpmX7 hf
& 2 Rabbits F 80-90 85-100 g
E — . -4
K 1 Monkey F 130 No significant inerease | Not seen ag,
onkey M 120 at 200 ppmx7 hr.t PpmX7? hy
——— —— —
? 2 Dogs F 20 No significant increas Not seen ol
2 Dogs F 89-120 at 665 ppmX7 hy, X2 PPmX7 h;
da;
;
1 Human 80 No significant increase | Not seen at
2 Humang 60-53 147-268 at 200 ppm X8 hr.t hr.
e ——— [ W ——
2 Guinea Ppigs| 80-68 No significant Inerease | Not seen at
2 Guinea pigs at 665 ppmXxg br.t hr,
—_—
* These tests neasured at leagt jn Tragility of the erythrocytes
t These concentrations werg the h hese
. Sherman from
TABLE 3.~Compan:on of
Four-g

ogues on the Osmotic
Fragilities of 1, Erythrocytes of dose response
Groups of Six Female Rats

for comparison. The acute oral te

standardized Procedure making uge ¢
Lowest Highest fasted Tats, 5 to 6 weeks of age and
Corécent_ration Concentration
ausing

Causing
Significant, No
Chemical

120 gm. i weight, dosed at levels dj
Froility,  pragipnyy by a factor of 126 or 20 i a geors
Ppm Ppm . B
\\\ series.  The Sherman and Carwort
ethyl Cellosolve_____ 2000 1000 B
7 Cellosolve. " - 125 62 were reared in gyr OWn colony and N
Propyl Cellosolv, 62 32 . . N R
$0propy! Cellgsolv 62 32 tained from time of weaning on Rocl§
Buty! Cellgsolve. .. 62 32 N
Buty! ethyl Celloso 125 62 rat diet ¢ complete),  The earlier W
Diethy) Cellosolve._ 2000 1000
Methy] Cetlosolve 32 16 stock wag always procured from commds
Cellosolve acetate.. 62 32 ‘0 14 . B
Viny! butyl Celless 32 15 breeders. Wej] § °% tables for calculatin®
£pty1-3 Celiosolve -— M R _
%Eth{g’eﬁyl Jellosolv, - : medlan—effectlve dose (L. Do) were
ony €. osolve — .
henyl Cellosolve. 71777 - ’ In this baper L. Dy referg to the sf
tically
. Concentrations approached saturation at room temperature

computed, most probable dosage
that will regult n the death of 50% of
Quantitative Toxicity

species dosed within 2 14-day observa
Acute Opgl Toxicity—The Cellosolves Period. I.Xny deviafion from the Procedr
used in these studies Tepresent commercial is noted in tabulation or ey,
material sold under th

¢ trade-mark name a chronological listing of the acute oral
during the year the work was done. Wistar icity results for thiee Cellosolyes,

rats were used exclusively until 1942 anq Rabbits have an ory] L: D of 0,32 g

i 118
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‘an Erythrocytes to
cetate

In Vivo Response

+ Fragitity upon
ition of Butyl
olve

Hemoglobinuria  upon
Inhalation of Buty)

Cellosolve

it increase at

Seen at 203 pPpmX7 hr,
mX4 hr.

]but not at 107 ppmXx7
.

nt increase at
as low as 100
7 hr.

Seen at 200 ppm but not
at 10 ppmX7 hr.

Not seen as high as 187
ppmX7 hr.

nt increase at
amX7 hr.

ificant increase

Not =cen as high as 200
ppmX7i hr.t br

ppmX7 hr.

uficant incrouasc

Not seen as high as 665
v ppmX7 hr. X2

ppmax7 hr.

ificant increase
ppmX8 hr.t

1ficant increase
ppmX8 hr.t

Not seen at 200 ppmX8g
hr.

Ni)t seen at 665 ppmXs
hr.

n then until June of 1952
th-Wistar found favor. All
ve a like order of acute oral

to certain chemicals chosen
n. The acute oral test is a
rtocedure making use of non-
to 6 weeks of age and 90 to
ight, dosed at levels differing
£ 126 or 20 in a geometric
sherman and Carworth rats
1 our own colony and main-
me of weaning on Rockland
iplete). The earlier Wistar
ys procured from commercial
I’s * tables for calculating the
e dose (L. D.so) were used.
L. D.so refers to the statis-
d, most probable dosage level
. in the death of 509 of the
within a 14-day observation
leviation from the procedure
bulation or text. Table 4 is
listing of the acute oral tox-
r three Cellosolves.

: an oral L. D.g of 0.32 gm/ o

o 3

TOXICITY OF BUTYL CELLOSOLVE SOLVENT

TaBLE 4—Single Oral Dose of L. D.«'s of Cellosolves

. Weight,
Year Species Sex Gm. 1 Ml=Gm. in Water L. D.so and Range
Butyl Cellosolve
1038 Rat M 90-120 Q.10 1.48 (1.15 to 1.91) gm./kg.
1938 Guinea pig M+T 200- 0.10 1,20 (0.96 to 1.60) gm./kg.
1040 Rabbit M 1500-3000 0.20 0.37 JEg.
1951 Rat M 90-120 0.10 2.6 ?121-]3 t0 2.9) gm./kg.
1951 Rat F 90-120 0.10 2.3 (1.9 t0 2.8) gm./ke.
1952 Rat M 90-120 0.05 2.8 {24 to 3.3) gm./kg.
1952 Rat F 90-120 0.05 Lo (1.2to 2.1) gm./ke.
1953 Mouse M 20-30 0.10 1.23 (0.94 to 1.62%' gm./kg.
1953 Rat M 90-120 0.05 1.9 (1.3 t0 2.8) gm./kg.
1954 Rat ¥ 90-120 0.05 1.6 (1.4 to 1.9) gm./kg.
1954 Rat M 30-60 0.05 3.0 (2.6 to 3.4) gm./kg.
1954 Rat r 30-60 0.05 2.3 (2.1 to 2.6) gm./kg. ,
1954 Rat M 335-460 0.05 0.56 gm./kg,
1954 Rat F 260-320 0.05 0.63 (0.38 to 0.75) gm./kg.
1954 Rat M 90-120 0.05 2.4 (2.1 to 2.7) gm./kg.
1954 Rat ¥ 80-120 Undiluted 28 (2.2 to 3.7) ml./kg.
1955 Rat . M 90-120 0.05 2.1 (1.4t03.1) gm./ke.
1955 Rabbit M 2700-3200 0.05 0.32 (0.24 to 0.43) gra./kg.
a1 Gui ; MAF 200-300 Methyloclgllosolve 08
19: uinesa pig .. 0.95 (0.84 to 1.08 JEg.
1944 Rabbit M 2000-3000 0.26 0.89 (0.65 to 1.23; gggg
1852-55 Rat M 90-120 0.10 3.25 gm./kg. mean of 4 assays
1953-54 Rat hol 90-120 0.10 3.4 gm./kg. mean of 2 assays
- Cellosolve
1938 Rabbit M 2000-3000 0.20 8.3 gmikg.
1938 Guines pig M+4-F 200-300 0.10 14 gm. /kg.
195255 Rat M 90-120 0.10 5.0 gm./kg, mean of 4 assays
954 Rat ¥ 80-120 . 010 5.4 (4.9 to 5.9) gm./ke,
1954 Rat F 90-120 Unidilinted 5.4 (5.4 to 6.4) ml./kg.

kg. and are the most sensitive to butyl Cello-
solve of the species tested. Mice and guinea

_pigs follow with a value of 1.2 gm/kg.

Young rats are four to five times more
resistant to single oral doses than are one-
year-old adults, as evidenced by L. D.g
values of 3.0, 24, and 0.56 gm/kg. for
male weanlings, 6-week-olds, and yearlings,
respectively. When given undiluted, instead
of as a 5%, 10%, or 20% solution in water,
the 1954 L. D.o value of 2.8 mi/kg. (2.5
gm/kg.) for females is almost identical
with the 2.4 gm/kg. mean value for the
males.

Sluggishness, ruffling of coats, prostra-
tion, and narcosis followed the administra-
tion of dosages at or above the L. D.g.
Autopsies performed on rats that died re-
vealed congested or hemorrhaged lungs,
mottled livers, severely congested kidneys,
and hemoglobinuria. The latter symptom is
seen in. males on the 3.0 gm/kg. level but
in females on levels as low as 1.5 gm/kg.
Early death is attributed to narcotic effect,
and delayed death to lung and kidney dam-
-age, . )

_ For comparison, the means of several
iclosely agreeing, single oral dose rat assays

on methyl Cellosolve and Cellosolve are

given. Inspection of Table 4 will show the .

order of decreasing acute oral toxicity to
be butyl Cellosolve, methyl Cellosolve, and
Cellosolve, with L. D.yo’s of 2.5, 3.4, and
5.5 gm/kg. The guinea pig is not as dis-
criminating as the rat, as values of 1.2, 0.95,
and 1.4 gm/kg. for the three compounds in
like order indicate. Rabbits follow the rat
order with L. D.5’s of 0.32, 0.89, and 3.1
gm/ke.

Repeated Feeding.—Five randomly dis-
tributed groups of five male and five female
Sherman rats, about 6 weeks of age and
weighing between 100 and 150 gm., were
fed Food Research Laboratory Diet 2-C in
which was incorporated 2.0%, 0.5%,
0.125%, 0.03%, and 0.0% butyl Cellosolve.
The latter group served as the control. The
diet consisted of 60 parts of freshly ground
whole wheat, 30.5 parts of dried whole milk,
1.5 parts of dried liver extract U.S.P., 5
parts of Type SQ—B inactive dried brewert’s
yeast, Z parts of iodized salt, and 1 part of
calcium carbonate. Statistical evaluation of
the several criteria of response was made.

The 90-day feeding resulted in butyl
Cellosolve intakes of 1.54, 0.31, 0.076,
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0.018, and 0.0 gm/kg/day for the respective
concentration groups. There were no deaths
attributable directly to toxic action of the
compound. The fact that rats survived 1.54
gm/kg/day means that their intake ~ was
. about three-fifths of an L. D.50 per day, or
actually 54 1. D.’s in 90 days. In each
fatality lung infection was found attended
by kidney and liver pathology, such as is
coincident with death caused by pneumonia
in the rat. Appetite was not affected, and
no pertinent micropathology was discovered.
Blood was not found in pooled urine sam-
ples from the 2.0%, 0.5%, and control
groups after three and six days on the diet
either by the benzidine test or by spectro-
photometric measurement for hemoglobin
pigments. However, the mean weight gain
of the surviving rats was significantly de-
pressed below that of the control group in
the 2.0% concentration group. Liver weight
as percentage of body weight was signifi-
cantly increased at both the 2.0% and 0.59
levels, and kidney weight at the 2.0% level.

The highest level where significant devia-
tion from the control was within the usually
accepted range of variation, and hence not
chargeable to treatment, lies between 0.5%

and 0.125% in the diet or between 0.31
and 0.076 gm/kg/day or at an intake be-
tween 4 and 1/32 of the L. D.so per day.

Parenteral Injection.-—Undiluted butyl
Cellosolve causes hemolysis of rat erythro-
Cytes, as do all concentrations above 3%
in 0.75% NaCl solutions. Tail vein injec-
tion of rats resulted in an L. D.sp of 0.38
gm/kg. for a 3% solution in 0.75% Na(l
and 0.34 ml/kg. for undiluted compound.
Mice were more toleran: as shown by an
L. Do of 1.1 gm/kg. for the 3% solution.
By ear vein in rabbits the L. D, for the
3% solution was 0.50 gm/kg. and for the
undiluted material 0.28 ml/kg.

Methyt Cellosolve is hemolytic to rat
erythrocytes in vitro in concentrations above
25% in 0.759% NaCl, und Cellosolve ig
hemolytic above a concentration of 189.
The comparative intravenous 1. D.so’s for
rats in the dilutions mentioned are 2.7 gm/
kg. for methyl and 3.3 for Cellosolve, and
for the undiluted compounds 2.2 (mean of
two tests) and 2.4 ml/kg.

The L. D., values by intraperitoneal
injection of the undiluted compound in rats
are as follows: butyl, 0.55; methyl, 2.5, and
Cellosolve, 2.14 ml/kg. In rats, therefore,

TABLE 5.—L. D s of Cellosolves and of Sodium Butoxyacetate by Injection

—_———

Weight,
Species Gm.

Concentration,
1 .

Ml.=Gm L. D.so and Range

Rabbit
Rat
Mouse
Rat
Rabbit

Rat

Rat
Rat
Rat

Rat

Rat
Rat

Rat

Butyl Cellosolve
(Intravenous)
0.03in 0.75% NaCl  0.50 (0.38 to 0.65) gm./kg.
0.03in 0.75% NaCl  0.38 (0.29 to 0.50) grn./kg.
0.03 in 0.75%, NaC) 1.13 gm./kg.
Undilated 0.34 (0.30 to 0.38) ml./kg.
Undiluted 0.28 ml./kg.

(Intraperitoneal)
Undiluted 0.55 (0.32 to 0.94) ml./kg.
Methyl Cellosolve
(Intravenous)
0.25in 0.75% NaC}
Undiluted
Undiluted

(Intraperitoneal)
Undiluted

Cellosolve
(Intravenous)
0.18 in 0.759, NaCl

t0 4.26) gm./kg.
Undiluted

to 2.97) ml./kg.

(Intraperitoneal}
Undiluted

Sodwm Butoxyacetate
{Intravenous) )
0.03 in 0.75%, NaCl 0.78 (0.59 to 1.02) gm. /kg.

2.4 (L.54 to 2.99) m)./kg.
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% in the diet or between 0.31
gm/kg/day or at an intake be-
nd 1/32 of the L. D.g, per day.
4 Injection —Undiluted buty]
‘auses hemolysis of rat erythro-
o all concentrations above 3%
1aCl solutions. Tail vein njec~
resulted in an L. D.so of 0.38
a 3% solution in 0.75% Nact
I/kg. for undiluted compound,
more tolerant as shown by an
-1 gm/kg. for the 39 solution,
it rabbits the L. D.so for the

was 0.50 gm/kg. and for the
iterial 0,28 ml/kg.

‘ellosolve s hemolytic to rat
in vitro in concentrations above
5% NaCl, and Cellosolve s
‘ove a concentration of 189,
ttive intravenous 1, D.sa’s for
tlutions mentioned are 2.7 gm/
yl and 3.3 for Cellosolve, and

tie Cellosolves fall in the same order of ali had hemoglobinuria. Similarly, in 195

‘decreasing toxicity by the parenteral and  four of six rabbits succumbed when dos
ral routes. Sodium butoxyacetate with an  at 0.56 ml/kg. i
D.so of 0.78 is included in Table §
ecause it is a demonstrable metabolite of
utyl Cellosolve.
< Skin Penetration.—Male albino New Zea-
and strain rabbits, 3 to 5 months of age,
were immobilized during a 24-hour skin
ntact period. Thereafter, the Vinylite
éﬁeeting used to retain the dose in contact
with the clipped skin of the trunk was re-
zmoved, and the animals were caged for the
remainder of the 14-day total observation
:period. The rabbits were procured locally
nd maintained on Rockland rabbit ration,
Weil’s 1 tables for calculating the L. D.g’s
were used. Table 6 presents the results,

For comparison, the rabbit skin penetrg
tion L. Do for methyl Cellosolve is 14
mi/kg. and for Cellosolve, 3.6 mi/kg. B
simple inunction the L. D4, of Cellosolve %
16.3 ml/kg. In effect this means that rabbitg
can tolerate four times as much Cellosolvh
when it is gently rubbed into the uncovere

skin in one application as they can when thé
compound contacts the skin under an jm¥
pervious sheeting for 24 hours. The samg;
relationship holds for butyl Cellosolve, ad
it has an L. D.5 of 2.0 ml/kg. by inunctio
and about 0.45 ml/kg. under imperviou

sheeting. ]

Rapidity of skin penetration in rabbitd}

TaBLE 6.—Skin Penetration Toxicity of Cellosolves

Weight, i L. D 4 and Range 1
Species Sex Kg, Concentration (14-day Observation Period) 3
uted compounds 2.2 (mean of : o
Butyl Cellosolve
- <. Rabbit . M 2.0t03.0 Undiluted 0.56 (0.18 to 0.64) ml./kg. -
d 2.4 mi/kg } ) £
. . Rabbit M 2.7t0 3.7 Undfluted 0.56 ml./ke. killed 10/10 >
"so values by intraperitoneal Rabbit M 2.0t0 3.0 Undlluted 0.56 ml./kg. killed 3/6 :
he undiluted c di Rabbis M 251050 Ungnored 03 EAL kil /8
€ un C t 0 ndiluted ml./kg. e 3
bu ; uocs(5 compound 1n rats ]};:ggn % 2‘2 {0 g.g 8" di}u:e” 8‘25 ;’3’- yoid kmgd 5‘ /3; :
N Y I I abbit K 25103 ndiluted X .25 t0 0.82) ml./kg. A
utyl, ; methyl, 2.5, and Rabbit M 271032 Undilutedt 2.0 ml./kg. lalled 2 of -
14 ml/kg. Tn rats, therefore, Methyl Cellosolve ° ;
Rabbit M 2.5103.0 Undiluted 1.34 (1.26 to 1.43) ml./ke.
ace ¢ Istjecti, Cellosolve
vacetate by Injection Rabbit M 231033 Undiluted 8.56 (2.21 10 5,68) m} /kg. ¥
—— Rabbit, M 23t03.3 Undiluted 16.3 (13.2 to 20.2) ml./kg. N
T e :
tion 3
3m. L. D.s, and Range * Contact period, 4 hours; all others. 24 hours. .
e t Uncovered, rubbed into skin by gentle massnge. 3
losolve A . . ‘r’
SRRl 0.0 (0381 0:65) gsm gk The L. D.5o for rabbits by skin penetra- is demonstrated by the fact that a 4-hour §
A . .38 t0 0.65) gm./ke. S . M Tentl 3
g NaCl 048 (029 10.0.50) gm 7k tion of undiluted butyl Cellosolve as deter- and a 24-hour application of 0.5 ml/kg. of ¥
L4 . - . T - - . - . » 7
o 934 ko 038) ml./ke. . mined in 1945 was 0.56 and in 1955, 0.45  butyl Cellosolve under Impervious sheeting &
neal) - ml/kg. Extreme congestion of the kidney, produced comparable mortality ratios, name- %
d 6.5 (0.32 10 0.94) ml.ke. 4 bémoglobinuria, pale liver, and engorged ly, 5 of 8 and 6 of 8, £
osalve @ - spleen were noted upon autopsy - of the Increased erythrocyte osmotic fragility of ¥
Jaet 27 (ot oy ke, q  rabbits that succumbed. rabbit blood one hour after a three-minute 3
* . - 0 2. ml./kg. %, - . . . v . . . 2
d 230 (187 to 2 83) ml./kg. 3 In 1947, 10 rabbits were dosed at the skin contact period with 0.56 ml/kg. butyl *
eab 246 (155 to 3.28) kg % L. D, (0.56 ml/kg.}, and they all died Cellosolve on 4.5% of skin area graphically
. : 2 within 48 hours of the application. These demonstrates passage through the skin.
el 525 (248 10 430) gm kg 3 rabbits weighed about 3.0 kg. and were Range-Finding Inhalations.——Many -of
1 2.38 (1.92 to 2.97) i ke, 2 procured from Rockland Farms. Hemo- these data collected on inhalation toxicity
eal) 3 . . . . . - . . n
A 2.14 (15 to 209) ml/kg, globmurza was a common fmdmg. Aga}n were to guide the s§lect10rf of concentratio
sootate | in 1948 butyl Cellosolve was applied to six levels for repeated inhalation tests. Known
) : 1 fer: i inei th th-
NaCl 078 (0.59 to 1.02) gm sk, K rabbits from our regular local supplier; concentrations were obtained by the me

_ three of the six survived 0.56 mi/kg., but  ods described in the next section. The early
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static exposures were made in an apparatus
that recirculated - ajr at room temperature
over a wick saturated with the chemical dur-
ing the entire period. .

The concentrated vapor results of 1951
were achieved by passing air at 2.5 fiters
Per minute through g fritted glass disc jm-

A4°M A4 ARCHIVES OF INDUSTRIAL HEALTH

tion at room temperature would approach
1000 ppm for b

utyl Cellosolve, 5000 for
Cellosolve, and 8000 for methyl Cellosolve.
Concentrated va

POT, as prepared, would be
expected to approach saturation.

Repeated  Inhalation, Methods.—Inhalg-
tion by rats, guinea pigs, mice, dogs, and

’

TaBLE 7 —~Range-Findin

9 Inhalation Studies on Cellosolyes
’

—_——
Weight,
Gm.

No. Hemo-

Concentmtion, Exposures Mor’za]ity globin-

Sex Ppm X Hr. Ratio uria
Butyl Cellosolve
-V. Recirculator
.V. Recirenlator
C.V. Recirculator

C.v.

cv.
c.v.

4
;lx-’EEE

1 v v g g
trottrtt tbtg

115-160
120-140
125-150
150-175
120-140
125-160

M
M
M
M
M
M

90-130
85-105
125-160 M+F
95-115 M+F
136-240 M+-F
120-185

=5
o

mersed in 50 ml. of the 1

temperature, Judging by mortalities after
eight hours, the Concentrated vapor was
somewhat less than 800 Ppm’ butyl Cello-
solve. Furthermore, it is again apparent
that one-year-old rats are more susceptible
than young, actively growing rats, as was
the case with single oral doses. At 375 ppm
the adults died after seven hours, while the
6-week-old rats survived eight hours at 500
ppm. The repeated €xposures, 8 hours per
day, served to predict that rats would not
tolerate 250 ppm for 90 days.

Table 7 lists the results. Methyl Cello-
solve and Cellosolve are not drastically dif-
ferent from each other in single inhalation;
both are less toxic than butyl Cellosolve.
The vapor pressures are such that satura-
122

iquid held at room

capacity from 200 to 7900 Lters (a 614 ft. ;
cube). Solvent was delivered at a constant
rate by means of a displacement—type pro- §
portioning pump, originally described by
Irish and Adams,25 o by a motor-driven
Syringe into an elec

trically heated tubulard

Pyrex ¢vaporator, such ag described by
Carpenter and co-workers.16 The resulting §
Vapor-air mixtures were conducted to th
chambers under slight negative pressure af
a rate to provide a theoretical turnover
chamber ajr every three to five minutes.

Food and water were withheld from
animals during seven-hour exposure period
five days each week. Rats a
maintained on Rockland ra

) . . e
. . s G

nd mice werg
t diet (com®
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temperature would approach
~ butyl Cellosolve, 5000 for
- 8000 for methy! Cellosolve,
‘apor, as prepared, would be
sroach saturation, L

thalation  Methods.—TInhala-
‘uinea pigs, mice, dogs, and

iplete),} guinea pigs on Rockland rabbit
ation supplemented” with kale, dogs on
riskies meal,§ and monkeys' on Okatie
arms || diet. The rodents had food and
water ad libitum when not inhaling vapor,
and the large animals were fed once daily.

Healthy animals whose weights differed
less than two standard deviations from the

level.  Erythrocyte osmotic fragility tests
were performed on some of the smaller
animals,

The concentrations of butyl Cellosolve vapor in
the exposure chambers were checked four times
daily with a portable 50 cm. Zeiss interferometer.
The instrument was calibrated against a bichromate
oxidation method, adapted from the procedure de-
scribed by Werner and Mitchell ®: 5 ml. 033 N

P
L
A

4 s

g
ellosolyes group mean were distributed at random K,Cr,0; and § mi concentrated H.SO,, sp. gr. :El
. & ““Yamong the expasure and control groups. 184, were added to a 2 Iiter Florence flask fitted, i
= Control groups were carried each time for “t’“h ad29/f‘i Standaf}f_ ‘aperl ff_’“}aie J:]“:; t"‘nd ?
E.;é:{s;url:es Moriality ng’:’fz odents but not for t;he. dqg and monl::ey ztf:ggs;; vr;;fe ;ax:;taw;nsg e’ﬁi;jfg;’ tsoe : p;;_l g
—_— xposures because of limitations on housing ¢ such that approximately a liter of the ex- i
%9 a6 :space. . ) posure atmosphere would be sampled when the ;
14 e All ammflls were weighed week!y and at  stopcock was opened. For use, the stopcock was
14 176 0 - the completion of the study. The livers and attached to a sampling tube placeq centrally in the
};22 352 I -kidneys of the rodents were removed and = ©XPosure chamber and op encd until the flask p re: {
1X38 3/6 + . . .y imals b sure returned to atmospheric. A sample of the &
&é 852 + We‘{ihed after dlsp?sxtlon of the anima S. Y exposure atmosphere was read simultaneously in 3
Ao e i section Of: the cervical .cord and SuSPFUS‘On the interferometer. _The Mflask was shaken for ¥
48 1/5 + by the tail for approximately five minutes. 15 minutes on a wrist-action shaker, heated on a ¢
1364 o % Dogs and monkeys received an overdose of steam bath for 90 =5 minutes, cooled, and then

157 b I sodium pentobarbital intravenously. Por- 250300 ml distilled FLO and 3 gm. KI were

A

added. The contents were titrated with 0.05 N
Na,5.0; with the addition of 4 ml, of 1% starch
soluion near the end-point. A blank determina-
tion was made on roor air. Burette readings were
converted to parts per million by means of the
following equations :

mg. butyl Cellosolve/liter air =
(ml. NasS.0: blank — ml. Na,5,0 sample) X 0227

liters of air sample
ppm butyl Cellosolve == mg./l. X 206.9

- tions of the following tissues of dogs and
. monkeys were taken for histological exam-
ination: adrenals; appendix vermiformis;

- gall bladder; gonad; heart; intestine; kid-
= neys; liver; lung; pancreas; spleen; stom-
ach; thyroid; urinary bladder; uterus, and
any other abnormal tissue. Usually only the
liver, lung, and kidney of the rodents were
studied. Repeated Inhalations by Rats and Guinea

Erythrocyte and leucocyte counts, hemo- Pigs: Groups of rats and guinea pigs in-
globin levels, erythrocyte osmotic fragility, haled various concentrations of butyl Cello-

‘v

e

S ST gy e s 1

‘e in chambers ranging in

R AGCTINY

. and hematocrit values were followed on the

b to 7900 liters (a 634 ft.
3s delivered at a constant
a displacement-type pro-
originally described by
** or by a motor-driven
lectrically heated tubular
such as described by
wvorkers.’® The resulting
were conducted to the
ght negative pressure at
t theoretical turnover of
three to five minutes.
were withheld from all

" conventional methods.

dogs and monkeys, using blood taken
immediately upon removal from exposure,
Sulfobromophthalein sodium (Bromsulpha-
lein) retention time, sedimentation. rate,
icterus index, blood urea nitrogen, and
plasma fibrinogen levels were measured by
When high-level
groups yielded negative results, the tests
were omitted at lower exposure levels. An
erythrocyte permeability test by the method
of Boatman and Moses 7 was performed
once on the dogs exposed at the 200 ppm

fRockland diets are

solve 7 hours a day, five days a week for
a total of 30 days. The initial weight of
the Sherman rats was between 140 and 190

gm., and the guinea pigs weighed 435 to
580 gm.

Table 8 summarizes the results. The most
notable finding was the greater susceptibility
of female rats at 432 ppm. The 15 females
died within three days, while 3 males sur-
vived 30 inhalations.

Gross pathology in the rats consisted of
congestion and hemiorrhage of the lungs
and congeétion of most of the abdominal

RSy

o

, prepared by the Arcady viscera. Histological examination confirmed 4

. 3 Farms Milling Co, Chicago. the or . : 3

- : e ? . oss findings and revealed cloud i

n-hour exposurt? periods § Friskies meal is a product of Albers Milling g & Y ; .
k. Rats and mice were

ckland rat diet (com-

Co., Kansas City, Mo.
Il Okatie Farms, Pritchardville, S, C.

swelling of the liver. Hemoglobinuria was
observed in most of the rats at the 432 and
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TaBLE B.—Response of Rats and Guinea Pigs to Inhalation of Butyl Cellosolve Vapor
For Thirty Expo:mres, Seven Hours per Day, Five Days per Week

Anlivmnls, Concentration, Mortality Body

Kidney

Liver Gross

Micro- Erythrocyte Hemoglo-

0. Ppm Mean Ratio Wt Wwt. Wt Pathology  pathology Fragility* binuria
Rats
1B (F) 432 15/15 - - - + + + AR
15 (M) 432 12/15 _ - - + + + +
15 (F) 314 15/15 - - - + + + +
13 (M) 203 0/15 N 0 > 0 [ + +
4 (F) 3 0/14 N 0 > 0 [} + +
4 (M) 107 /14 N > > 0 0 + 0
15 (F) 107 0/15 N > > 0 0 -+ 0
15 (M) 54 0/15 N N N 0 [ + 0
15 (F) 54 0/15 N N N 0 0 + 0
QGuinea pigs
10 (M) 404 2/10 N > N + + 0 0
10 (M) 376 1/10 < > N + + 0 9
10 (M) 203 0/10 N > N [} 0 0 0
10 (M) 107 0/10 N N N 0 0 0 [}
10 (M) 54 0/1¢ N N N 1} 0 0 0

N Values not statistically different from controls (p is equal to or>0.05).

> Values statistically higher than controls (p<0.05).
< Values statistically lower than controls (p<0.03).
- Substance or response present.

© Substance or response absent.

— Test not performed.

* These values obtained from extra animals not included in the mortality ratios.

314 ppm levels, but in only 1 of 15 males
and 10 of 15 females subjected to 203 ppm.
This condition was not observed in the
surviving animals after the second day of
exposttre.  Erythrocyte osmotic fragility,
proportional to the vapor concentration, was
found in rats immediately after a seven-
hour inhalation of 107 ppm or any higher
concentration, and after some of a series of
30 inhalations of 54 ppm, with values for
females usually exceeding the males. In
almost every case these high fragility values
returned to normal after overnight rest.
There were no statistically significant
findings as regards mortality, body weight
change, or tissue damage in the rats exposed
at the 203, 107, and 54 ppm levels 7 hours
per day for 30 days. However, significant
increases in kidney and liver weights as
percentage of body weight were observed
in the rats at 203 and 107 ppm levels. The
highest concentration level where deviation
from the control is within the usually ac-
cepted range of variation, and therefore not
related to exposure, is between 54 and 107
ppm. Guinea pigs were more refractory.
The only criterion of response which dif-
fered significantly from the controls at the
203 ppm level was an increase in kidney
weight as percentage of body weight. To
characterize more completely the response

124

of guinea pigs, groups of 10 males werd
exposed 30 days to 494 and 376 ppm. In
addition, groups of six males and six fe
males were exposed at these levels to detec

any sex difference in susceptibility. Thé}

mean weights of the males varied from 435
to 580 gm., and the females from 351 td
369 gm.

Significant tissue damage, which con]
sisted of lung congestion and cloudy swell3
ing of the convoluted and loop tubules o

the kidneys, was found only in the twd}
fatalities at 494 ppm and the one at 376%%

ppm. The mean weights of both groups o
animals fell slightly by the third exposure}

but only at the 376 ppm level were theyj

significantly below the controls after 30 ex}
posures. A significant elevation in kidneyd
weight as percentage of body weight oc{
curred in both groups The mixed groups
showed essentially the same mortality ratiog

as did the all-male groups and evidenced noji

significant difference in sex response. Thq
above data indicate that guinea pigs tlerate

a concentration below 203 ppm but abovell

107 ppm butyl Cellosolve. The latter con’$
centration was without statistically signifi-}
cant deviation from controls in any of thej
criteria of toxic response followed in this}
study.

Repeated Inhalation by Mice: Groups

A
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»f Butyl Cellosolve Vapor
Days per Week .

Micro- Erythrocyte Hemogio-

pathology Fragility* binuia
— < -

-4 + +

+ + +

+ + -+

0 + -+

0 + +

0 + 4

0 + 0

0 + 0

0 + 0

+ 0 [}

+ 0 0

0 0 0

0 [} 0

0 0 [1]

.

i, groups of 10 males were
ys to 494 and 376 ppm. In
»s of six males and six fe-
osed at these levels to detect
ence in susceptibility. The
»f the males varied from 435
1d the females from 351 to

1ssue  damage, which  con-
congestion and cloudy swell-
voluted and loop tubules of
ras found only in the two
4 ppm and the one at 376
n weights of both groups of
ghtly by the third exposure,
e 376 ppm level were they
low the controls after 30 ex-
mificant elevation in kidney
entage of body weight oc-
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:ale groups and evidenced no
rence in sex response.” The
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below 203 ppm but above
Cellosolve. The latter con-
without statistically signifi-
from controls in any of the
¢ response followed in this

halation by Mice: Groups

[

TOXICITY OF BUTYL CELLOSOLVE SOLVENT

of 10 mature male C3H mice, obtained from_
the Shalom Research Farms, Mars, Pa.,
were exposed without controls fo 494 and
376 ppm butyl Cellosolve for 30 days, with
resultant mortality ratios of 7/10 and 2/10.

For more definitive data, .groups of 70
male mice were exposed to metered concen-
trations of 400, 200, and 100 ppm. Serial
-examinations were made on 15 mice from
each group after 30 and 60 exposures, on
10 more after 90 exposures, and on groups
of 11 to 16 after 90 exposures followed by
a 42-day rest period.  Ten mice from each
group were used for serial determination of
erythrocyte osmotic fragility on blood ob-
tained by section of the cervical vessels and
cord. Table 9 lists the results.

Statistically significant alteration of liver
weights occurred in the mice exposed to 400
ppm for 30, 60, and 90 days but not in

after the third exposure, but increased
erythrocyte osmotic fragility occurred at all
concentrations. The increase appeared to
be as great after the first exposure as it
was after the 89th exposure, and in all in-
stances was normal after a 17-hour rest.
The response of mice and guinea pigs at
400 ppm for 30 days was similar, but the
former are much more sensitive from the
standpoint of osmotic fragility.

Repeated Inhalation by Dogs: A female
mongrel dog inhaling 617 ppm butyl Cello-
solve died after a total of 1314 hours of
exposure during two days. Emesis and ex-
treme weakness were observed on both days.
Autopsy revealed moderate congestion of
the kidneys and lungs but no hemoglobi-
nuria. Findings of this sort would be ex-
pected following a narcotic death. Death
occurred so quickly that there was no oppor-

TasLe 9.—Response of Male Mice to Repeated Seven-Howr Inhalations
of Butyl Cellosolve Vapor
.

Animals, Concentration, Exp. Mortality Body Kidney Liver Gross Micro- Erythroeyte Hemoglo-
No. Ppm ays Ratio We. Wt. wt. Pathology  pathology Fragility binuria
15 112:64 30 /15 N N N 0 0 + 0
15 11145 60 0/15 N N N 0 0 + 0
i) 11245 %) 0/10 N N N 0 0 + 1]
16 T 1125 90* 0/16 N N N 0 0 0 0
15 20344 30 /15 N N N 9 0 -+ +
15 20016 60 0/16 N N > 0 0 + -+
10 20116 20 /10 N N N 0 [} + +
23 20116 90* /10 N N N ¢ 4] 0 ¢
15 396110 30 0/15 N N < 0 [§] + -+
15 3999 60 0/15 < N > [} 0 -+ -+
10 40119 a0 0/10 N N > 0 [1] 4+ -+
1t 40139 90° N N N o 0 [} [

* Plus 42 days rest before examtination.

N Values not statistically different from controls (p>0.05)-

> Values statistically higher than controls.

< Valuaes statistically lower than controls.

-+ Substance or response present.

0 Substance or response absont.
those rested 42 days after 90 exposures.
Why liver weights were increased after 60
days but not after 30 or 90 days at 200 ppm
is not understood. No significant mortality
or gross pathology was observed. Histolog-
ical examination of kidneys from 80 mice
from various exposure levels ‘revealed ‘no
significant tissue changes.

Table 10 shows that the number of mice
which had bloody urine immediately after
exposure was proportional to thé vapor con-
centration. No hemoglobinuria was found

tunity to repeat preexposure blood chem-

-stry and hematological tests.

A male and a female basenji hybrid in-
haled 385 ppm repeatedly. Hematological
tests were performed daily on both dogs,
with blood chemistry on the male after 26
and 27 exposures. Analysis of the urine of
the male for possible butoxyacetic acid ex-
cretion was performed after the 25th expo-
sure. The female died after 8 days and the
male after 28 days of exposure. Both dogs
showed similar symptomatology and physio-
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TasLe 10.—Erythrocyte Osmotic Fragility Values and Hemoglobmuna m Mice %
After Inhalaiwn of Butyl Cellosolve Vapor 8
2]
Fragility Fragility Ratio of § 2
Approx. No. of Immediately 17 Hr. Mice Which Exg >
Concentration, 7-Hr. After After Bloody Urine Imnj O
Ppm Exposures Ezxposure Exposuare After Exposul '8
o
1007 1 0.60-0.52 0.52-0.44 o0 H§ 2
100 2 0.64-0.52 — 0/60 2
100 3 0.64-0.52 — 0/60 a
100 29 0.60-0.52 0.52-0.44 .- ®
100 88 0.60-0.52 0.52-0.44 — Q
100 89 0.60-0.52 — — =
200 1 0.68-0.64 0.48-1 9/60 €
. 200 2 — — 0/60 he!
200 3 0.68-0.62 — 0/60 =
200 29 0.68-7 0.50-0.42 -
200 89 0.60-0.50 0.54-0.40 — =
]
400 1 0.68-0.58 0.50-0.42 26/60 o
400 2 0.75-0.60 - 4759 -
400 3 0.68-0.60 — 0759 =
400 29 0.68-0.60 0.50-0.42 — E=]
400 88 — 0.52-0.38 —
80 0.60-0.50 — —
0.0 1 0.50-0.42 - 0/60
(Alr controls) 2 0.50-0.42 —_ 0/60
3 - — 0/60
88 - 0.50-0.40 —
88 — 0.52-0.40 -
89 0.46-0.38 — - ¢
89 0.54-0.46 - — :

]
logical response, although toxic manifesta- death, but this possibility was elim
tions appeared more slowly in the male. by the relatively low hemoglobin cong
Loss of weight, transitory increase in tions and erythrocyte counts. The
erythrocyte osmotic fragility, nasal and striking findings at autopsy con31s

ocular infection, . generalized weakness,

apathy, anorexia, and increased leucocyte
count were observed in both animals.
Emesis occurred in the female several times
during the first four days of exposure. A
significant decrease in erythrocyte count and
hemoglobin level occurred in the male. It
was of note that the fragility value of the
male reached a maximum of 0.54-0.42 in
7 days and fell to 0.32-0.20 after 27 days,
demonstrating that all susceptible erythro-
cytes had been removed from this animal’s
blood stream. Analysis of a 16-hour urine
sample from the male after the 25th ex-
posure indicated the presence of 55 mg. of
butoxyacetic'acid. The only positive results
obtained from the blood chemistry tests
were elevated plasma fibrinogen levels of
1.75 and 2.26 gm/100 ml. in the male dog
after the 26th and 27th exposures, respec-
tively. These values were several times
higher than the accepted normal value of
0.52 gm/100 ml'®. It might be presumed
that these elevated fibrinogen values were
caused by dehydration in the dog prior to
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moderate to severe congestion and
rhage of the lung, congestion of the
and congestion of both kidneys in
male. Histological examination conf}
the gross observations, with the add
discovery of a severe subcapsular
rhage 'in one adrenal in the female do
Male and female basenji litter mates
exposed to a mean concentration o
ppm butyl Cellosolve for 31 days. He
logical tests were performed weekl
blood chemistry tests immediately afte
15th, 224, and 29th exposures and
the 28th exposure. An erythrocyte pel
ability test was performed on the ne
the last day of exposure, using ra
dine.!”™ The corneas were inspected
the aid of fluorescein dye before the
exposure and after the 31st. There
slight evidence of toxic effect in the
after 31 days of exposure. Erythrd _
osmotic fragility values of the. male in®
creased slightly, and leucocyte counts
doubled. The fragility value of the female
also rose slightly, while the erythrocyte
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emoglobinuria in Mice

apor

agility Ratio of

* Hr. Mice Which Excreted
\ter Bloody Urine Immediately
posure After Expogure
2-0.44 0/60

— 0/60

— 0/60
2-0.44 -

2-0.44 -

8-7 9/60

— 0/60

-~ 0/60
)-0.42 —

4-0.40 —

0-0.42 26/60

i 4/59

- 0/59
0-0.42 —

2-0.38 -

— 0/60

—_ 0/60

— 0/60
30.40 —

2-0.40

s possibility was climinated
ly low hemoglobin concentra-
throcyte counts. The more
igs at autopsy consisted of
svere congestion and hemor-
ung, congestion of the liver,
t of both kidueys in the fe-
gical examination confirmed
rvations, with the additional
t severe subcapsular hemor-
irenal in the female dog.

nale basenji litter mates were
mean concentration of 200
osolve for 31 days. Hemato-
rere performed weekly, and
y tests mmmediately after the
29th exposures and before
ure. An erythrocyte perme-
5 performed on the next to
»f exposure, using radioio-
orneas were mspected with
irescemn dye before the first
after the 31st. There was
of toxic effect in the dogs
of exposure. Erythrocyte
ty values of the male n-
ty, and leucocyte counts
‘ragility value of the female
itly, while the erythrocyte
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TOXICITY OF BUTVL CELLOSOLVE SOLVENT

count and hemoglobin "level -fell slightly.
The erythrocyte permeability of both dogs
was numerically higher than that for similar
control dogs, but the increase was not sta-
tistically significant. Blood chemistry tests
revealed no abnormal valué. At autopsy

‘there appeared to be some slight capillary

engorgement or breakdown in the lungs of

“both dogs, but these findings were not con-

firmed by histological examination. Flu-
orescein staining of the eyes indicated no

damage. Butoxyacetic acid was present to -

the extent of 100 and 42 mg. in 16-hour
urine samples from the male and the female
after the 14th exposure.

Male and female wire-haired terrier litter
mates, 8 months of age, were exposed for
90 days to a mean concentration of 100
ppm. Routine blood chemistry tests were
performed on both dogs before the first
exposure and after the 90th. Hematocrit
values and 'icterus indices were determined
in addition to the regular hematological
studies performed weekly. Analysis for
urinary butoxyacetic acid was done on speci-
mens from the male and the female. The
dogs did not appear to be affected 'appre-
ciably by exposure to 100 ppm, although
some alterations were observed in the hema-
tological picture. There was a transitory
doubling of the leucocyte count in both dogs
midway in the 90-day period. The female’s
count returned to the preexposure level, but
that of the male remained approximately
50% higher at the end of the period. An
appreciable drop in the hematocrit values
of the male, from 43.0% packed red cells
before the first exposure to-34.5% after 90
exposures, was observed. Twenty-four-
hour urine samples from the male and fe-
male dogs contained 100 and 94 mg. of
butoxyacetic acid. .

Repeated Inhalation by Monkeys: Two
monkeys inhaled 100 ppm buty!l Cellosolve
for 90 days. Erythrocyte osmotic fragility
rose on several occasions, higher in the
female than in the male, but returned to
normal by the end of the period. Erythro-
cyte counts fell briefly but returned to
normal. After the 42d inhalation the female

excreted 30 mg. of butoxyacetic acid in a
48-hour period, but only trace amounts were
found from the male and from the female
later in the inhalations. At autopsy tubercu-
losts in both animals was found—sufficient
to obscure possible effects of the inhalation.

A rhesus monkey inhaled 210 ppm for
30 days. After the fourth inhalation the
erythrocyte osmotic fragility was found to
be elevated. It returned to normal over-
night. For the balance of the exposure
period this cycle was substantially repeated.
After 30 inhalations erythrocyte count and
hemoglobin level had been reduced to half
their initial values. After 14 inhalations
plasma fibrinogen was found to be 1.22 gm/
100 ml., four times the normal concentra-
tion. Emesis occurred four times during
the latter part of the period. At autopsy
the organs appeared normal except for a
suggestion of pulmonary tuberculosis.
There was nothing noteworthy in the histo-
pathology.

Human Inhalations

The human inhalation studies are sum-
marized in Table 11. In the first trial two
men and six rats simultaneously inhaled

'113 ppm butyl Cellosolve for four hours

in a 1250 cu. ft. room. None of the erythro-
cyte osmotic fragility values of the men
deviated from their preexposure values,
while the values for the rats rose appreci-
ably. Human symptoms, which were secretly
recorded, included nasal and ocular irrita-
tion, disagreeable metallic taste, slight in-
crease in mnasal mucous discharge, and
occasional eructation. Four to six hours
after exposure one man complained of feel-
ing as though he had “smoked too many
cigarettes,” although none had been used.

About a year later the same two men,
Subjects C and P, and one woman, Subject
N, inhaled 195 ppm butyl Cellosolve for
two 4-hour periods separated by a 30-
minute recess for lunch. Exposure took
place in a 674 ft. cube (7900 liters) through
which air was drawn at the rate of approxi-
mately 1300 liters per minute. Blood

pressure and pulse rate were determined for
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TasLe 11.—Responses of Humans to Butyl Cellosolve Vapor

Py %
nt law.
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Concentration, Hr. of Age, Erythrocyte Blood Pulse

Ppm Exposure Chamber Subject Sex Yr. Fragilityt  Pressuret Ratei
195 8 278 cu. ft. chamber N F 24 0.44-0.36 98/64 75
M 44 0.42-0.36 114/74 83
N P M 34 0.42~0.36 114/71 74
13 4 1250 cu. ft. Toom c M 44 0.42-0.56 - -
P M 34 0.42-0.36 — -
98 8 278 cu. ft. chamber L F 34 0.40-0.36 116/70 86
K F 24 0.42-0.36 108/68 80
w M 37 0.40-0.26 120/84 84
C M 44 0.42-0.36 112/74 76

* Milligrams per 24-hour sample,
t These values taken near end of the exposure periods.
— Tests not performed.

1 Sample analyzed twice to verify low range reported.

cach subject three times during the expo-
sure day, and erythrocyte osmotic fragility
tests were determined four times. Urin-
alyses for glucose and albumin were con-
ducted the following morning, and the
butoxyacetic acid levels determined on urine
samples collected during the 24 hours fol-
lowing completion of the exposure. Subjects
N and P excreted considerable amounts of
butoxyacetic acid in the 24-hour period
following exposure, but Subject C, for some
unknown reason, excreted only trace
amounts of the metabolite. The remainder
of the tests on humans were negative, al-
though the erythrocyte fragility values of
three female rats, concurrently exposed, in-
creased steadily during the exposure. The
privately recorded response of all three sub-
jects included immediate irritation of the
nose and throat,-followed by ocular irrita-
tion and disturbed taste. The woman, who
excreted the largest amount of metabolite,
also acquired a headache which lasted about
24 hours.

Based on the response of the humans in-

haling 195 ppm for eight hours, the woman -

appeared to be more sensitive than either
of the two men. All agreed that 195 ppm
butyl Cellosolve was too high for comfort
when continually breathed. Other volun-
teers inhaled a concentration of approxi-
mately 100 ppm for eight hours. Three of
these subjects, two women and one man
between 24 and 37 years of age, had had no
previous contact with the vapor. Subject
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C was included because only trace anj
of urinary butoxyacetic acid were §
after the 195 ppm inhalation, and the
ity of this result required a check. TH
ppm inhalation took place 20 days aftg
195 ppm experiment and included md
the tests performed previously, excepd
urinary glucose and albumin in the hi
and erythrocyte osmotic fragility ing
were omitted. The mean concentratig
butyl Cellosolve was 98 ppm, and the §
chamber temperature, 26.2 C, with exth
of 23.0 and 292 C. The only objective}
ing of significance was the urinary excg
of butoxyacetic acid. Following the E
sure, Subject C, who had not excretef
nificant quantities of the metabolite §
the 195 ppm exposure, eliminated 7%
in 24 hours. The urinary butoxyacetid
level of the other three subjects was sif
to that found at the 195 ppm exposure.
subjective response of the humans intfi
98 ppm may have been almost as gref
that elicited at the 195 ppm level. THE
male subject (L) apparently experigl
greater distress during and after exp®
than did the others. Subject L. experid
emesis after seven hours in exposure
several times the following day, while §
jects K and W complained of headaches}
next day. The former subject stated &
high temperature often caused emesis d
that she was convinced that the pres
episode was caused by the relatively H
chamber temperature in the afternoon.
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solve Vapor

Urinary
Butoxy-
wexte  Blood Pulse . Beetic
ityt Pressuref Ratet Aeid*
1.36 98/64 5 300 -
1.36 114/74 83 19-38¢
6-123
136 114/71 74 175
136 - - -
136 - - -
136 116/70 86 183
36 108/68 80 100
36 120/84 84 250
36 112/74 76 75

because only trace amounts
oxyacetic acid were found
xm inhalation, and the valid-
t required a check. The 100
took place 20 days after the
ment and included most of
med previously, ‘except that
and albumin in the humans
+ osmotic fragility in rats
The mean concentration of
was 98 ppm, and the mean

ature, 26.2 C, with extremes .

C. The only objective find-
ce was the urinary excretion
acid. Following the expo-
who had not excreted sig-
es of the metabolite after
tposure, eliminated 75 mg.
e urinary butoxyacetic acid
r three subjects was similar
the 195 ppm exposure. The
1se of the humans inhaling
ve been almost as great as
he 195 ppm level. The fe-
~) apparently experienced
during and after exposure
ers. Subject L. experienced
en hours in exposure and
: following day, while Sub-
omplained of headaches the
former subject stated that
> often caused emesis and
onvinced that the present
sed by the relatively high
iture in the afternoon. It

B remains uncertain whether or not these’
-+ phenomena should be charged to inhalation

of vapors.

Comment

Butyl Cellosolve has been a commercially
available solvent for at least 30 years. Since
1945 the generally accepted hygienic stand-
ard of inhalation has been 200 ppm, and
little or no attention has been directed to
the easc with which the liquid penetrates
the skin, although by this route it is a mod-
erately toxic material. Based upon the re-
sponse of experimental animals to repeated
inhalation of butyl Cellosolve, one might
suppose 50 ppm or even less to be an appro-
priate hygienic standard of inhalation. In
view of these facts, it is not idle to inquire
why there have been no reported instances
of human injury, beyond one uncertain ob-
servation of hematuria.

One factor undoubtedly is low volatility.
The hygienic standard of inhalation has been
one-fifth of saturation at ordinary tempera-
tures. It is most unlikely that any workman
actually inhales this much for more than a
brief period during a working day. This
factor 1s not important in the case of skin
penetration. In the handling of hydraulic
fluids there is no doubt that skin penetra-
tion accounts for more absorption than does
inhalation.

A second factor is the mature of injury
from repeated inhalation of low concentra-
tions of butyl Cellosolve. It is a slow drain
upon the erythrocyte producing organs.
With the existing great capacity of the bone
marrow to replace erythrocytes, so long as
only those in the circulation are affected, a
relatively enormous, long-acting drain is re-
quired to result in any clinical symptoms or
in any actual injury.

There is a third, and apparently a more
important, factor explaining why there have
been no reported injuries. Butyl Cellosolve
is one of the few industrial materials to
which the human is more resistant than are
the usual experimental animals. ‘A greater

" contact with butoxyacetic acid is required to

cause osmotic fragility of human red blood

.TOXICITY OF BUTYL CELLOSOLVE SOLVENT

v

cells than Is required to hemolyze rat,
mouse, rabbit, dog, or monkey erythrocytes.
Inhalation of 200 ppm for eight hours does
not result in fragile human erythrocytes,
but as little as 62 ppm for four hours does
affect rat cells. For this reason a hygienic
standard of inhalation for butyl Cellosolve
should not be based solely upon repeated
inhalations by susceptible animals. The
current hygienic standard of 200 ppm for
inhalation of butyl Cellosolve appears, on
the basis of evidence and experience, to be
low enough to prevent human injuries. How-
ever, discomfort will be experienced by
some human subjects inhaling this concen-
tration for eight hours. In this instance,
200 ppm refers to the time-weighted aver-
age concentration throughout a working
day. Detectable injury from high concen-
trations apparently cannot occur in less than
an hour at saturation—1000 ppm and dis-
comfort from -this concentration will make
prolonged voluntary inhaluation unlikely.

Summary and Conclusions

Inhalation of a high 'concentration of
butyl Cellosolve, of the order of 500 ppm,
half of saturation, for several hours may
injure by respiratory tract irritation and
narcosis, with slighter damage to kidney and
liver. Death may be prompt, due to nar-
cosis,, or it may be delayed several days,
due to pneumonitis added to kidney injury.

Butoxyacetic acid is a metabolite of butyl
Cellosolve in the rat, rabbit, guinea pig,
dog, rhesus monkey, and man. It can be
estimated semiquantitatively in the urine.
This excretion is the first detectable evidence
of absorption of butyl Cellosolve. Men in-
haling 100 ppm for 8 hours excrete 100
to 200 ing. of butoxyacetic acid within the
next 24 hours, with considerable individual
variation.

Buty! Cellosolve, and to a greater extent
its metabolite, butoxyacetic acid, increases
the osmotic fragility and presumably thie
mechanical fragility of the erythrocyte. This
action is greatest in the rodents—rats, mice,
rabbits: It is less in the guinea pig, the dog,
the rhesus monkey, and the human. Other
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glycol ethers act similarly, with quantitative
differences. Increased fragility leads to de-
struction of erythrocytes and excretion of
their hemoglobin in the urine as such or as
hemin. The destroyed erythrocytes are
promptly replaced by new cells, and if in-
sult is prolonged, eventually immature forms
may enter the circulation. Repeated exces-
stve inhalation of butyl Cellosolve by rodents
and dogs was found to result eventually in
reduction of the blood hemoglobin concen-
tration and the total erythrocyte count to
the point of anemia. Increased osmotic fra-
gility of erythrocytes was not found in man
during inhalations in which simultaneously
exposed rats were so affected. It was found
in vitro with human erytllrocyteé, and hence
is to be expected after inhalation of some
concentration higher than the 200 ppm to
which men did not respond.

In repeated inhalations by animals the
significant effects were lung irritation,
cloudy swelling of renal loop and convoluted
tubules, heavy kidneys, low hemoglobin and
erythrocyte counts, hemoglobinuria, and
fragile erythrocytes. Females were suscept-
ible to lower concentrations than were males.
Rats were not affected by 30 seven-hour
inhalations of 54 ppm, guinea pigs by 30
inhalations of 100 ppm, dogs by 90 inhala-
tions of 100 ppm. Mice, rats, and monkeys
inhaling 100 ppm for 90 days had only
fragile erythrocytes. Humans are more re-
ststant to hemolytic anemia, the injury char-
acteristic of small animal response to in-
halation of low concentrations of butyl
Cellosolve. Therefore, a safe working con-
centration for humans cannot properly be
based solely upon rodent response.

During an eight-hour inhalation of 200
ppm butyl Cellosolve there was no objective
effect upon three humans, although butoxy-
acetic acid in their urines proved con-
siderable absorption.  Subjectively the
concentration was judged too high for com-
fort, with eye, nose, and throat irritation
evident. During eight hours at 100 ppm
four humans likewise showed a similar
qualitative response.

The present work interprets the accepted

130

hygienic standard of 200 ppm for inhj
tion of butyl Cellosolve as a concentrat]

which rodents cannot tolerate, which
slightly injurious to dogs, and which appe
not to injure humans. Qur human w{
was not sufficiently extensive to demonsts
that 200 ppm will not eventually result
some degree of hemolytic anemia. Becaf
of this prudence dictates that 100 ppm)
a more appropriate level to maintain
workroom atmospheres. Even at this Ig
there may be occasional complaints of d
comfort from extremely sensitive persor
No matter how butyl Cellosolve may e
the circulation, it is a relatively toxic
terial. It penetrates the skin readily. I
to its low volatility, there are many ap}
cations where prevention of- excessive p
longed skin contact is more important
health than is prevention of inhalation.
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