






not involve serious occupational exposure since process
equipment generally consists of tightly closed and highly
automated systems (Ref. 5.3.).

1.1.4. Physical properties (Refs. 5.4.-5.6.)

synonyms:

molecular weight:
boiling point:
melting point:
description:
vapor pressure:
odor:
lower explosive limit:
flash point (TOC):
molecular structure:

1.2. Limit defining parameters

oxirane; dimethylene oxide; oxane;
1,2-epoxy ethane; C2B40; ETO
44.06
10.7°C
-llloC
colorless, flammable gas
1095 mm Hg at 20 Ge
ether-like odor
3.0% (by volume)
below oaF
H2e - CH2

\ I
o

1.2.1. Detection limit of the analytical procedure

The detection limit of the analytical procedure is 12.0
pg of ethylene oxide per injection. This is the amount of
analyte which will give a peak whose height is five times
the height of the baseline noise. (Section 4.1.)

1.2.2. Detection limit of the overall procedure

The detection limit of the overall procedure is 24.0 ng of
ethylene oxide per sample (13.3 ppb or 24.0 ~g/m3). This
is the amount of analyte spiked on the sampling device
which allows recovery of an amount of analyte equivalent
to the detection limit of the analytical procedure (Figure
4.2.1.).

1.2.3. Reliable quantitation limit

The reliable quantitation limit is 94.0 ng of ethylene
oxide per sample (52.2 ppb or 94.0 ~g/m3). This is the
smallest amount of analyte which can be quantitated within
the requirements of 75% recovery and 95% confidence limits
of ±25%. (Figure 4.2.2.)

The reliable quantitation limit and detection limits reported in
the method are based upon optimization of the instrument for the
smallest possible amount of analyte. Vhen the target concentra­
tion of an analyte is exceptionally higher than these limits, they
may not be attainable at the routine operating parameters.
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1.2.4. Sensitivity

The sensitivity of the analytical procedure over a con­
centration range representing 0.5 to 2 times the target
concentration based on the recommended air volume is
34,105 area units per ~g/mL. The sensitivity is deter­
mined by the slope of the calibration curve. (Section
4.3.) The sensitivity will vary somewhat with the partic­
ular instrument used in the analysis.

1.2.5. Recovery

The recovery of analyte from the collection medium must be
75% or greater. The average recovery from spiked samples
over the range of 0.5 to 2 times the target concentration
is 88.0%. (Section 4.4.) At lower concentrations the
recovery appears to be nonlinear. (Figure 4.2.2.)

1.2.6. Precision (analytical method only)

The pooled coefficient of variation obtained from repli­
cate determination of analytical standards at 0.5, 1 and 2
times the target concentration is 0.036. (Section 4.5.)

1.2.7. Precision (overall procedure)

The overall procedure must provide results at the target
concentration that are ±25% or better at the 95% confi­
dence level. The precision at the 95% confidence level
for the 1S-day storage test is ±12.9% (Section 4.6. and
Figure 4.6.2.). This includes an additional ±5% for sam­
pling error.

1.3. Advantages

1.3.1. The sampling procedure is convenient.

1.3.2. The analytical procedure is very sensitive and reproduci­
ble.

1.3.3. Reanalysis of samples is possible.

1.3.4. Samples are stable for at least 15 days at room temper­
ature.

1.3.5. Interferences are reduced by the longer GC retention time
of the new derivative.

1.4. Disadvantages

1.4.1. Two tubes in series must be used because of possible
breakthrough.
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1.4.2. The precision of the sampling rate may be limited by the
reproducibility of the pressure drop across the tubes.
The pumps are usually calibrated for one tube only.

1.4.3. The use of benzene as the desorption solvent increases the
hazards of analysis because of the potential carcinogenic
effects of benzene.

1.4.4. After repeated injections there can be a build-up of resi­
due formed on the electron capture detector which de­
creases sensitivity.

1.4.5. Recovery frOm the chareoal tubes appears to be nonlinear
at low concentrations.

2. Sampling Procedure

2.1. Apparatus

2.1.1. A calibrated personal sampling pump whose flow can be
determined with ±5% of the recommended flow.

2.1.2. SKC Lot 120 Charcoal tubes (catalog no. 226-01): glass
tube with both ends flame sealed, 70 mm x 6-mm o.d. x 4-mm
i.d., containing 2 sections of coconut shell charcoal
separated by a 2-mm portion of urethane foam. The ad­
sorbing section contains 100 mg of charcoal, the backup
section 50 mg. A 3-mm portion of urethane foam is placed
between the outlet end of the tube and the backup section.
A plug of silylated glass wool is placed in front of the
adsorbing section.

2.2. Reagents

None required

2.3. Sampling technique

Immediately
coal tubes.

before sampling, break the ends of the char­
All tubes must he from the s~me lot.

2.3.2. Connect two tubes in series to the sampling pump with a
short section of flexible tubing. A minimum amount of
tubing is used to connect the two sampling tubes together.
The tube closer to the pump is used as a backup. This
tube should be identified as the backup tube.

2.3.3. The tubes should be placed in a vertical position during
sampling to minimize channeling.

2.3.4. Air being sampled should not pass through any hose or
tubing before entering the charcoal tubes.
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2.3.5. Seal the charcoal tubes with plastic caps immediately
after sampling.

2.3.6. Vith each batch of samples, submit at least one blank tube
from the same lot used for samples. This tube should be
subjeeted to exactly the same handling as the samples
(break, seal, transport) except that no air is drawn
through it.

2.3.7. Transport the samples (and corresponding paperwork) to the
lab for analysis.

2.3.8. If bulk samples are submitted for analysis, they should be
transported in glass containers with Teflon-lined caps.
These samples must be mailed separately from the container
used for the charcoal tubes.

2.4. Breakthrough

The breakthrough (5% breakthrough) volume for a 3.0 mg/m 3 ethylene
oxide sample stream at approximately 85% relative humidity, 22 ce
and 633 mm Hg is 2.6 L sampled at 0.05 L/min. This is equivalent
to 7.8 ~g of ethylene oxide. Upon saturation of the tube it ap­
peared that the water may be displacing ethylene oxide during
sampling as shown in Figure 4.7.

2.5. Desorption efficiency

2.5.1. The desorption efficiency, determined from charcoal tubes
spiked by liquid injection, averaged 88.0% from 0.5 to 2.0
times the target concentration for a l=L air sample (Sec­
tion 4.4.). At lower levels it appears that the desorp­
tion efficiency is nonlinear (Section 4.2.).

2.5.2. The desorption efficiency may vary from one laboratory to
another and also from one lot of charcoal to another.
Thus, it is necessary to determine the desorption effi­
ciency for a particular lot of charcoal.

2.6. Reco~~ended air volume and sampling rate

2.6.1. The recommended air volume is 1.0 L.

2.6.2. The recommended maximum sampling rate is 0.05 L/min.

2.7. Interfe~ences

2.7.1. Ethylene
els did
oxide.

glycol and Freon 12 at target concentration lev­
not interfere with the collection of ethylene

2.7.2. Suspected interferences should be listed on the sample
data sheets.
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2.1.3. The relative humidity may affect the sampling procedure.

2.8. Safety precautions

2.8.1. Attach the sampling equipment to the employee so that it
does not interfere with work performance.

2.8.2. Vear safety glasses when breaking the ends of the sampling
tubes.

2.8.3. If possible, place the sampling tubes in a holder so the
sharp end is not exposed while sampling.

3. Analytical Procedure

3.1. Apparatus

3.1.1. Gas chromatograph equipped vith a linearized electron
capture detector.

3.1.2. GC column capable of separating the derivative of ethylene
oxide (2-bromoethanol) from any interferences, benzene and
CS z • The column used for validation studies was: 10 ft x
1/8 in., stainless steel, 20% SP-2100, 0.1% Carbowax 1500
coated on 100/120 Supelcoport.

3.1.3. An electronic integrator or some other suitable method of
measuring peak areas.

3.1.4. Two-milliliter vials with Teflon-lined caps.

3.1.5. Gas-tight syringe, 500-pL or other convenient sizes for
preparing standards.

3.1.6. Microliter syringes, 10-~L or other convenient sizes for
diluting standards and 1-pL for sample injections.

3.1.7. Pipets for dispensing the benzene/CS z (99:1) desorption
solution. A Glenco 1-mL dispenser is adequate and con­
venient.

3.1.8. Volumetric flasks, 5-mL and other convenient sizes for
preparing standards.

3.1.9. Disposable Pasteur pipets.

3.2. Reagents

3.2.1. Benzene, reagent grade.

3.2.2. Carbon disulfide, reagent grade.

3.2.3. Desorbing reagent, benzene/CS z (99:1) (v/v).
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3.2.4. Ethylene oxide, 99.7% pure.

3.2.5. Hydrobromic acid, 48%, reagent grade.

3.2.6. Sodium carbonate, anhydrous, reagent grade.

3.3. Standard preparation

3.3.1. Standards are prepared by injecting pure ethylene oxide
gas into the desorbing reagent.

3.3.2. A range of standards are prepared to make a calibration
curve. A concentration of 1.0 ~L of ethylene oxide gas
per 1 mL of desorbing reagent is equivalent to 1.0 ppm air
concentration (all gas volumes at 25 GC and 760 mm) for the
recommended 1-L air sample.

3.3.3. One drop of BBr per milliliter of standard is added and
mixed well.

3.3.4. About 0.15 g of sodium carbonate is carefully added for
each drop of HBr. (A small gas-producing reaction will
occur).

3.4. Sample preparation

3.4.1. The front and back sections of each sample are transferred
to separate 2-mL vials.

3.4.2. Each sample is desorbed with 1.0 mL of desorbing reagent.

3.4.3. The vials are sealed immediately and allowed to desorb for
1 h with occasional shaking.

3.4.4. Desorbing reagent is drawn off the charcoal with a dispos­
able pipet and put into clean 2-mL vials.

3.4.5. One drop of HBr is added to each vial. The vials are
resealed and BBr is mixed well with the desorbing reagent.

3.4.6. About 0.15 g of sodium carbonate is carefully added to
each vial. The vials are again resealed and mixed well.

3.5. Analysis

3.5.1. GC conditions

nitrogen flow rate:
injector temperature:
detector temperature:
column temperature:
injection size:
elution time:
chromatogram:
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3.5.2. Peak areas are measured by an integrator or other suitable
means.

3.5.3. A calibration curve is prepared by plotting concentration
of ethylene oxide (in ~g/mL) versus area units.

3.6. Interferences

3.6.1. Any compound having the same retention time as 2-bromo­
ethanol is a potential interference. Possible interfer­
ences should be listed on the sample data sheets.

3.6.2. GC parameters may be changed to circumvent interferences.

3.6.3. There are usually trace contaminants in benzene. These
contaminants, however, presented no interference problems.

3.6.4. Retention time data on a single column is not considered
proof of chemical identity. Samples over the PEL should
be confirmed by GC/HS or other suitable means.

3.;. Calculations

3.7.1. The concentration in ~g/mL for a sample is determined by
comnaring the peak area of the 2-hromoethanol to the cali­
bration curve, which had been prepared from analytical
standards.

3.7.2. The amount of analyte in each sample is corrected for
desorption efficiency by use of a desorption curve (Figure
L ~ ~ ~
~.L.L.J.

3.7.3. Analytical results (A) from the two tubes that compose a
particular air sample are added together.

3.1.4. The concentration for a sample is calculated by the fol­
lowing equation:

ETO, mg/m 3 = (A)(B)/C

where A. ~g/mL

B = desorption volume in milliliters
C = air volume in liters

3.7.5. To convert mg/m 3 to parts per million (ppm) the following
relationship is used:

ETO, ppm = (mg/m 3 )(24.46)/44.05

•

where mg/m 3 results from 3.7.4.
24.46 = molar volume at 25°C and 760 mm Hg
44.05 = molecular weight of ETO
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3.8. Safety precautions

3.8.1. Ethylene oxide and benzene are potential carcinogens and
care must be exercised when working with these compounds.

3.8.2. All work done with the solvents (preparation of standards,
desorption of samples, etc.) should be done in a hood.

3.8.3. Avoid skin contact with all of the solvents.

3.8.4. Year safety glasses at all times.

3.8.5. Avoid skin contact with HBr because it is highly toxic and
a strong irritant to eyes and skin.

4. Backup Data

4.1. Detection limit

The detection limit was determined by injecting 0.8 ~L of a 0.015
~g/mL standard of ethylene oxide into benzene/CS 2 (99:1). The
detection limit of the analytical procedure is taken to be 12 pg
per injection. This is equivalent to 8.3 ppb (15.0 ~g/m3) for the
recommended air volume. A chromatogram of the analytical detec­
tion limit is shown in Figure 4.1.

4.2. Desorption efficiency

oxide was spiked onto charcoal tubes and the following
data was obtained. The detection limit for the overall

Ethylene
recovery
procedure is shown in Figure 4.2.1.
in Figure 4.2.2.

The reCOVeLy curve is show»

Table 4.2.
Desorption Efficiency

amount spiked (lJg) amount recovered (lJg) % recovery

4.5 4.32 96.0
3.0 2.61 87.0
2.25 2.025 90.0
1.5 1.365 91.0
1.5 1.38 92.0
0.75 0.6525 87.0
0.375 0.315 84.0
0.375 0.312 83.2
0.1875 1"\ 1 c::: 1 on c:::.U • .1.J.1 ou • .)
0.094 0.070 74.5

At lower amounts the recovery appears to be nonlinear.



4.3. Sensitivity

The following data, resulting from the multiple injections of
three analytical standards, were used to determine the calibration
curve. The calibration curve is shown in Figure 4.3.

Table 3.3.
Sensitivity Data

>< target cone. O.Sx 1>< 2x
l1g/mL 0.75 1.5 3.0

area counts 30904 59567 111778
30987 62914 106016
~?"c;c:;. "O';'7D 1n&..1')')
..J~.JJ-' JU.J, U ~vv~"

32242 57173 109716

X 31672 59558 108408

4.4. Recovery

The recovery was determined by spiking sets of lot 120 charcoal
tubes with ethylene oxide and desorbing them with benzene/CS 2
(99:1). Recoveries were determined at 0.5, 1.0, and 2.0 times the
target concentration (1 ppm) for the recommended air volume.

Table 4.4.
Recovery

x target cone. O.Sx lx 2x

% recovered
(desorption
efficiency)

88.7 95.0 91.7
83.8 95.0 87.3
84.2 91.0 86.0
88.0 91.0 83.0
aD n a&.. n..,..,..., ..,..,. v

85.0

86.5 90.5 87.0

weighted average = 88.2

4.5. Precision of the analytical procedure

The following data was used to determine the precision of the
analytical method:
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Table 4.5.
Precision of the Analytical Procedure

x target cone. o.5x Ix 2x
lJg/mL 0.75 1.S 3.0

~g/mL found 0.7421 1.4899 3.1184
0.7441 1.5826 3.0447
0.7831 1.4628 2.9149
0.7753 1.4244 2.9185

X 0.7612 1.4899 2.9991
SD " "" ........ '" 1'"\; .... 0.0998U.U.i..!.! V.VO/'+-

CV 0.0277 0.0452 0.0333

CV = 0.036

4.6. Storage data

Samples were generated at 1.5 mg/m 3 ethylene oxide at 85% relative
humidity, 22°C and 633 mm Hg. All samples were taken for 20 min
at 0.05 L/min. Four samples were analyzed as soon as possible (1
day later) and fifteen samples were stored at refrigerated (SOC)
and fifteen samples were stored at ambient temperature (23°C).
These stored samples were analyzed over a period of nineteen days.
The results are shown graphically in Figures 4.6.1. and 4.6.2.

Table 4.6.
Storage Tests

I

storage time
(days)

% recovery
(refrigerated)

% recovery
(ambient)

1*
4
6
8

10
11
13
14
18
19

87.0 93.0 94.0 92.0
92.0 93.0 91.0 91.0 88.0 89.0
92.0 92.0

92.0 86.0
91.7 95.5 95.7

90.0 82.0
78.0 81.4 82.4

78.5 72.1
66.0 68.0

64.0 77.0

* Results from the first day of storage used in
both storage tests.

4.7. Breakthrough data

Breakthrough studies were done at 2 ppm (3.6 mg/m J ) at approxi­
mately 85% relative humidity and 22°C (ambient temperature). Two
charcoal tubes were used in series. The backup tube was changed
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every 10 min and analyzed for breakthrough. The flow rate was
0.050 L/min. The results are shown graphically in Figure 4.7.

Table 4.7.
Breakthrough Data

tube no. time (min) % breakthrough

i .. .... none.LV

2 20 none
3 30 none
4 40 1.23
5 50 3.46
6 60 18.71
7 70 39.2
8 80 ~'" ....

:>~.~

9 90 72.0
11'\ 1(\(\ 96.0~v .J.vv

11 110 113.0
12 120 133.9

The 5% breakthrough volume (2.6 L) was reached after 52 min of
sampling.

·II

21.64

II~n ~ n .~
III III ~

Figure 4.1. Chromatogram of the analytical detection limit.

30-13



-!
ex
o
o
0:;

«
::r:
u

.758 i '!

.6" f ETHY LEr~ E (I >:: I II E J
•

6ee l ~1
.(;21; ~

f ~ J
."S'"'t ~ 1
.37S[ ~

::::t( ~~I.IT IS 9.915 U< PER SA.PLE 11
FOR THE AtlALVTlCAL P~OCElIUR(. TH£ IJETECTIOH

.159 LI"IT FOR THE OVERALL PROCEDURE IS ~.92" UG

r.7C' l _-;~ PER SAM"L(. j:-._, ~" I
6.686. v..... )

0.&ge .875 .158 .225 .388 .375 .0158 .525 .60e .075 .7511
U~ or AHAlYTE SPIKED OH CHARCOAL

Figure 4.2.1. Determination of the overail detection limit.

':: I ~_:_---lltf-(-----v:--------------~-'---I
··V· · ~
70 [ I 1
~t' I J
t.e r THE R£lIAIfl.£ QUAt" IlRTlOtt l'______________

lUI IT IS 8 .8'" U~.
"0 .

~e I. ! J

~: ~ l 11
10 ~ l
"I i )
fjl.tI .C 1.8 "S 2.9 2.5 3.9 3.5 ".8 "'.S S.t!

U~ or E1HVlUIE 0)( IOl SP IKED

Figure 4.2.2. Reliable quantitation limit.

30-14



i

ETH~"LEt~E ox I DE

CALIBRATION CURVE

\ Uteoa 1
''JeeB

eeeee

77808

~ ""eBB
::z:a
u 55898
«

·····1w
~
a::

33••• i
22Qee

u ••:t:
e.8 .3 •6 ., , .

1.2 1.8 2." 2.7 3.9

Figure 4.3. Calibration curve.

12

REFRJ~ERATED SAMPLES

PARABOLIC CURVE
TOTAL STAND. ERROR OF [ST.-5.93
9G~ CONFIDENCE LIMIT- +o~-(I.".'.93~
9SY. COHF[DE~CE LI"IT- +Qr- 11.6eL..........:. w.....~_ _ .......,;.. e.Lo.-.... ....L. .,.I...o.,., .-.:

" ·2 " , 8 Ie 12 14 16 18 26
STORAiE TI"E (DAYS)

120 .r'f','"P"I'"'I...................-.....................~.................i iT....., ..................,......................"T"""'..................,...........-"T............~~~I""'r"T'"..........,.,.~................]

1 ea If~ - . - - - . -- . - - - - - . - - - . - - - ~ - . - . - J
96 I It --.- .. -_ I R L --. __

8"t R ----------.-- ~ - .....~~--.~ -.--~.~-~ A--..
72 - .. - _ ""-

'or ETHYLENE OXIDE ----'-'.-
..a i
36 J
24 1

Figure 4.6.1. Refrigerated storage.

30-15



­OIl

AH81EHT ~~"PL£S

PRRRBOLIC CURvt
TOTAL STAND. ERROR or EST.z£.S9
96~ COHFIDEHCE LI"IT- .o,-(1.96.~.'9)

95~ COHflDEHCE LIftlT- +or- ll.9

lee~ _

.,6 - -- -- -- -- -- -- -- -- -- __
~ R A ------,_

::r.~.---.-.-.---..-.-.-.-.-.-.-.---.-~ A_ • - • • - • - • - • :

:: t ETHYLENE . 0 XI ~~- . - . - . -

:: f
12

2E118\68 19 12
~TORACE TI"( (DAYS)

,2
9~""""""""'~-"""''''''''''''''''''''''''''''''''''''''''''''''-'-~''''''''-'''''''''-''''''''''''''''''''''''''''''''~'''''''.-....&.o'''''''''''''''''o..&...o.''''''''''''''''''''''''''''''''''''''''''''''~

8

Figure 4.6.2. Ambient storage.

lS8

135

i lze0,-\

~ 186
w
too...
~ ,e
Q.
;:)

~ 75

x
u 60=-0
G:
%
~ .. 5
~
a:
w
IX 39lQ

~.

IS

e
Q 28 42 98 112 126 140

Figure 4.7. Breakthrough curve.

30-i6



Figure 4.8. Chromatogram of a standard.
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