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I.

TOXICITY DETERMINATION
Exoosures of emnloyees to ethyl ether in the laboratory and Special Analysis
Room at the Pahst Brewing Company were not found to be toxic under the
conditions ohserved ~Y NIOSH Hazard Evaluation personnel during the survey
conducted October 12-14, 1976. This determination is based unon environmental
sampling (which included oersonal and area air samnling), medical evaluation
by interviews, observations of work practices, ventilation controls, and
production levels. The work load at the time of the survey was considered to
be normal as compared to the production data for the past six months.

II.

DISTRIBUTION AND AVAILABILITY OF DETERMINATION REPORT
Cooies of this Determination Reoort are currently available uoon request from
NIOSH, Division of Technical .Services, Information and Disseminati on Section,
4676 Columbfa Parkway, Cincinnati, Ohio 45226. After 90 days the renort will
be available through the Nati.onal Technical Information Service (NTIS), Spring
field, Virginia. Information regarding its availability through NTIS can be
obtained from NIOSH, Publications Office at the Cincinnati address~
Copies of this reoort have been sent to:
a.
b.
c.
d.

Pabst Brewing Company, Peoria, I11 i noi s
Authorized Representative of Emoloyees
U. S. Department of Labor - Region V ·
NIOSH - Region V

This report shall be posted in a prominent place(s) accessible to the workers
for a neriod of 30 calendar davs.
I II.

INTRODUCTION
Section 20(a)(6) of the Occupational Safet.v and Health Act of 1970, 29 USC
669(a)(6), authorizes the Secretary of Health, Education, and Welfare, following
a written request by an employer or authorized representative of emolovees, to
determine whether any substance normallv found in the place of employment has
potentially toxic effects in such concentrations as used or found.
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The National Institute for Occuoational Safety and Health received such a
request from an authorized representative of emnloyees regarding exoosure
of workers to ethyl ether. The request stated that employees exoosed to
ether anhydrous experienced nausea, light headedness, and swelling of the
inner ear . The process consisted of determining the fat content in corn
using an extraction orocedure employing ethyl ether. This process is
conducted in a room seoarate from the main laboratory with the extraction
apparatus contained in a hooded enclosure. The work force in the laboratory
com!)ri sed of approximate 1y 20 oroducti on _and suoervi sory oersonne1 over
3 shifts, with 11 of the oersonnel working the day shift. The ether extraction
is performed during the day shift.

is

IV. HEALTH HAZARD EVALUATION
A.

Process Description

A five oram sample of crushed orain is olaced in a porous thimble and clipped
to an extraction apparatus. A. beaker containing ethyl ether is aliqned with
the anparatus, surrounding the thimble. The ether is gently boiled for 3
hours; during this time the vanors rise from the boiling liquid, condenses,
and drips back throuqh the 9rain, extractinq the corn fat. After 3 hours,
the thimble containing the samole is cooled and reolaced with a glass
collection tube. Heat is again apnlied for 10 to 20 minutes to recover ether
from the extract, leaving the corn fat as a residue in the beaker. The samole
which was removed from the apoaratus, is heated in an oven to dry the grain
saturated with ether.
There are 14 hot-olate extraction apparatuses in the Special Analysis Room
(SAR). When reviewing the work load for the past 6 months (April thru ·
September), 48 percent of the time two or 1ess extractions were ran per day,
and 10 percent of the time 10 or more were done (14 being maximum). During
our investigation there were two extractions on October 13 and ten on October
14. The extractions are done simultaneously by one technician assigned to
the task.
All 14 hot-olate extraction aonaratuses are enclosed under a continuous hood
with a nlexiglass front. Access to the apparatus is obtained from the bottom
where there is aoproximately 2 feet of space hetween the benCh and the start
of the plexiglass enclosure. The oven used to dry the grain is contained in
the confines of a laboratory hood in the SAR. A month prior to our investi
gation the 9rain samples were dried in the main laboratory with an oven not
equipped with local exhaust. Also the Dlexi9lass enclosure was recently added
to the existing laboratory hood housing the extraction apparatus. Both of
these imorovements would result in a decrease of contaminant release into the
working environment.

I
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B.

Evaluation Design and Methods

Environmental monitoring for ethyl ether was conducted using two methods:
(1) a direct reading instrument to provide an instantaneous measurement
of the existing contaminant concentration, and (2) personal and area
sampling to determine the integrated average ;xposures over the work shift.
The former method employed the J-W Model SS-P meter which was calibrated
in the laboratory for ethyl ether. The range of sensitivity used in the
evaluation was O to 1000 ppm, with the scale divided in increments of 20
ppm. For the latter method, tubes containing activated charcoal collecting
media were used with Sipin pumps. When taking a personal sample, the tube
was positioned in the breathing zone of the employee with air being drawn
through the collection media at a rate of 50 milliliters (ml) per minute.
The analysis on all tubes was performed with carbon disulfide desorption
and gas chromatography by the Utah Biomedical Test Laboratory.
Ventilation measurements were taken at the laboratory hoods in the Special
Analysis Room using a Sierra thermolanemometer Model 440.

c

The medical apportionment consisted of administering a non-directed medical
questionnaire. Nine employees were interviewed regarding their occupational
history, symptoms experienced on the job, and aggravating or alleviating
factors. All employees working in or near the Special Analysis Room during
ether extractions were interviewed.
C.

Evaluation Criteria
l. Toxic Effects

The toxicity of ethyl ether is low; its greatest hazards in industry being
those of explosion and fire. It is absorbed readily through the lungs and
intestinal tract following exposure, and rapidly excreted, almost quantita
tively, by the lungs with small amounts being excreted in the urine, per
spiration, and other body fluidsl. Concentrations of ethyl ether as low as
200 ppm may cause irritation of the nose in some persons upon initial exposure.2
It has been estimated that at a concentration of 400 ppm a man of average
weight would absorb a ·maximum of l.25g and the concentration in the blood would
be O.Ol8g/liter.3 This concentration in the blood is not associated with any
signs of intoxication.4
Locally, ethyl ether is a mild irritant. Direct contact with the fluid causes
moderate erythema of the skin, and inhalation of ether vapors results in
increased bronchial secretion .1
*Mention of co1T111ercial names or products does not constitute endorsement by
NIOSH.

c

.

C-

~

Page 4 - Health Hazard Evaluation Oetermination Report No. 76-107
Systemically, ethyl ether is a depressant of the central nervous system.
Chronic exposure can cause loss of aooetite, exhaustion, headache,
sleepiness·, dizziness, excitation, and osychic disturbances .5 When
present i.n the body in sufficientlv hi~h concentrations, it is caoable
of oroducing intoxication resembling thaf of alcohol, with si~ns of
drowsiness, stunor, and unconsciousness. Kidney in.iury has been listed
as a result of acute intoxication but this has been open to question.6
2. Environmental Evaluation Criteria

c

Airborne exposure limits intended to protect the health of workers have
been recolllllended or promulgated by various sources. These limits represent
condi.tions under which it is believed that nearly all workers may be
repeatedly exposed to a substance on an 8-hour per day, 4n-hour per week
basis without adverse effects. The criteria used in this investiqation
were taken from the followin~ sources: (1) Threshold Limit Values (TLV's)
and their suoporting documentation as set forth by the American Conference
of Governmental Industrial Hygienist (ACGIH) for 1976, and (2) Occupational
health standards as promulgated by the U.S. Department of Labor (Federal
Register, 29 CFR 1910, po 507, January 1, 1976). Both of the aforementioned
sources cite exposure limits of 400 opm for the maximum permissible 8-hour
average exposure to ethyl ether.
D.

Evaluation Results
,

When interviewing the potentially exoosed workers, it was found that three
of the nine had symptoms which they believed might be attributed to ether
exposure. The symptomatology included dizziness, nausia, occassional head
aches, oains in the kidney area, and possibly aggravation of an existing eye
and ear infection. The remainin~ six emnloyees received less exoosure to
ether since their duties required less time to be spent in the Snecial
Analysis Room. Tahle 1 summarizes the pertinent points of the employee
interviews.
Environmental samolin9 did not disclose aporeciable concentrations of ether
(Table 2) . All results for the personal and area samples were less than 1
pom. Ether vaoor was detected in the work environment only during the
initial measurement of the liquid into the heaker, when the thimbles contain
ing the soent grain were removed from the extraction apoaratus, and when
pouring recovered ether back into the storage bottle. Measurements with the
direct readin~ instrument \'/ere less than 10 ppm of ether during these time
intervals. Peak concentrations unto 1000 oom were detected around the cork
gaskets and oressure release valves on the extraction apparatus. However
the vapors were released inside the olexiglass enclosure where they were
properly exhausted.

(
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Face velocity determinations for the laboratory hoods in the Special Analysis
Room ranged from 10 to 50 linear feet per minute (fpm). Velocity measurements
have been presented for various operating conditions observed to occur. Refer
to Table 3 for a summary of the determinations.
E.

Conclusions

Based on environmental sampling, it was concluded that the employees working
in the main laboratory area and the Special Analysis Room were not exoosed
to harmful concentrations of ether vapor under the conditions observed during
the investigation . The construction of a plexiqlass enclosure to extend the
area of the hood surrounding the extraction apoaratus, and the drying of ether
saturated grain in a laboratory hood would have decreased the potential
exposure as compared to past practices.
V.

RECOMMENDATIONS
The following recommendations are made to help ensure a safe and healthful
work environment is maintained:

VI.

1.

Provide uniform exhaust air distribution in hood.

2.

Maintain a minimum face velocity of 50-100 linear feet per minute across
the face of the hood.

3.

Install a device to indicate the mechanical exhaust system in the hood
is operating.

4.

Maintain extractor apparatus (i.e. sealing gaskets) to prevent needless
contamination.

5.

Store excess quantities of ether in a safe and well ventilated area.
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TABLE 1
Summary of Health Complaints Reported
at the Pabst Brewing Company, Peoria, Illinois
October 13-14, 1976
Case Number

Symptoms

Time Spent in Special
Anaylsis Room Per Day

None

0

2

Dizzy spells when performing
ether extractions. Has experienced
pains around kidney area.

3-4 hours when assigned
to ether extraction

3

None

4

None

Less than 5 minutes

5

None

5 minutes

6

None

10 minutes

7

Nausea and possible irritation to
eye and ear infection

4 hours when performing
ether extractions

8

Occasional headache

2 hours when performing
ethet extractions

9

Not particularly bothered by ether

0

TABLE 2
Summary of Air Sampling for Ethyl Ether at
the Pabst Brewing Company, Peoria, Illinois
October 13-14, 1976
Date

Operation/Location

Sample
Type

10/13/76 SAR (Special Analysis Room)
Lab Technician - Laboratory
Lab Technician - · Laboratory
Extraction Operator - SAR
Laboratory (Approximately 15'
Laboratory (Approximately 45'
Lab Technician - Laboratory
Lab Technician - Laboratory
Lab Technician - Laboratory
10/14/76 Lab Technician - Laboratory
Extraction Operator - SAR
SAR
Laboratory (Approximately 15
Laboratory (Aoproxim.ately 45'

1

from SAR)
from SAR)

from SAR)
from SA.R)

10/13/76 SAR
SAR
SAR
10/14/76 SAR-Pouring ether
SAR
SAR
SAR
SAR
SAR - Removing Thimble Containing
Grain Sample
SAR
SAR Ether Recovery Stage
SAR
SAR - Pouring Recovered Ether into
Storage bottle

A
p
p
p
A
A
p
p
p
p
p
A

A
A

Sample
Time
08 : 40-16:00
08:52-15 :59
08:54-14:59
08 :58-15:59
09:03-16:00
09:06-16 :00
09:27-14:50
09:35-14:30
10:00-14:54
09:30-14:25
10:00-15 :15
10:00-15:05
10:00-15 :05
10:00-15:05

Concentration of
Ethyl Ether (ppm)
<l
<l
<l
<l
<l
<l
<1
<l
<)

<l
<l
<l
<l
<l

D.R.
D.R.
D.R.
D. R.
D.R.
D.R.
D.R.
D.R.

10:00
11:00
14:00
10: 30
11 :45
11: 50
12:55
13: 00

<10
<10
<10
<l 0
<lo*
<10
<l 0
<l 0-20*

D.R .
D.R.
D.R.
D.R.

13:40
13:45
14:00
14:05

<10
*
20-1000
<10 *
l 0-30

D.R.

14:40

<l 0

1976 TLV and OSHA Standard - 400 parts of ethyl ether per million-·parts of air by
volume (400 ppm).
·
P - Personal sample collected in breathing zone of employee
A - Area sample
DR - Measurement taken with a direct readi ng instrument
*Concentration of ethyl ether escaping around the sealing gaskets and pressure release
valves on the extraction apparatus .
NOTE:

Sampling period for the personal and area samples included the full extraction
process.

TABLE 3
Summary of Face Veloci~y Determinations for
Laboratory Hoods Used in the Special Analysis Room
at the Pabst Brewing Company, Peoria, Illinois
October 13, 1976
Location

Door to Roorn
Open/tioseci

Ether Extraction Hood (Window Side)
Ether Extraction Hood (Window Side)
Ether Extraction Hood (Hood Side)
Ether Extraction Hood (Hood Side)
Oven Hood 1 (Hood Exhaust Turned Off)
Oven Hood 1 (Hood Exhaust Turned Off)
Oven Hood 2 (Hood Exhaust Turned Off)
Oven Hood 2 (Hood Exhaust Turned Off)
Oven Hood 1
Oven Hood l
Oven Hood 2
Oven Hood 2

Closed**
Open
Closed**
Open
Closed
Open
Closed
Open
Closed
Open
Closed
Open

Linear Feet Per Minute*
45
50
45

40
10

20
10
15
15

40
30
30

*Data have been rounded off to the nearest 5 linear feet per minute. A minimum of
9 readings (traverse points) were used to determine the individual averages.
** Poor air distribution across face of hood .
significantly.

At bench level the velocity dropped

