Formula: Table 1

KETONES

2027

MW: Table 1

CAS: Table 1

RTECS: Table 1

METHOD: 2027, Issue 1

EVALUATION: FULL

Issue 1: 19 July 2016

OSHA: Table 2
NIOSH: Table 2

Other OELs: Refs [1,2}

PROPERTIES: Table 1

SYNONYMS: See individual compounds in Table 1

MEASUREMENT

SAMPLING

SAMPLER: SOLID SORBENT TUBE (silica gel, 500

mg/1000 mg); min. of 2 field blanks per set
FLOW RATE: 0.05 - 0.1 I/min
VOL-MIN: 2L
-MAX: 0L

SHIPMENT: routine

SAMPLE

STABILITY: Stable at least 28 days @ 20 °C [3,4]
ACCURACY

RANGE

STUDIED: Table 3

BIAS: Negligible

OVERALL

PRECISION (S,r): Table3

UNCERTAINTY: Table3

TECHNIQUE:
ANALYTE:
DESORPTION:
INJECTION
VOLUME:

COLUMNS
(IN PARALLEL):

TEMPERATURE:

INJECTION:
DETECTOR:
COLUMN:

CALIBRATION:

RANGE:

ESTIMATED LOD:

PRECISION (S,):

gas chromatography, FID

see Table 1

ternary mixture of
CH:Cl2/methanol/water (65:33:2)

1L

60 m low-polarity fused silica, ID 0.25
mm and film thickness 0.25 um; and

60 m high-polarity polyethylene glycol,
ID 0.25 mm and film thickness 0.25 um.

250 °C
250 °C
50 °C (11 min) to 150 °C (4 °C/min)

solution of analytes in desorption
solvent

Table 3
Table 3

Table 3

APPLICABILITY: 2-2400 mg/m?3 for air sample vol. up to 10 L.

INTERFERENCES: Organic compounds with similar retention times as the analytes of interest may interfere.

OTHER METHODS: NIOSH 2553 and 2555 [5] are partially validated methods for the determination of ketones using CS for
desorption. OSHA methods based on sorbent tube sampling, solvent desorption and GC/FID analysis have been promulgated for
several ketones [6].
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REAGENTS:
1. Acetone, >99.8%, analytical grade.
2. 2-Butanone, >99.8%, analytical grade.
3. Cyclohexanone, >99.5%, analytical grade.
4. Cyclopentanone, >99.0% purity.
5. 2-Hexanone, >98 % purity.
6. 4-Methyl -2-pentanone, >99.0%, analytical
grade.
7. 2,6-Dimethyl-4-heptanone, 299%, analytical
grade®*
8. Methanol, >99.9 %, analytical grade.
9. Dichloromethane, analytical grade.
10. Water, ultrapure, >18.2 MQ-cm resistivity.
11. 2-Methylheptane, chromatographic quality.
12. n-Undecane, chromatographic quality.
13. Air, prepurified and filtered.
14. Hydrogen, prepurified and filtered.
15. Helium, prepurified and filtered.
16. Nitrogen, prepurified and filtered.
17. Internal standard solution: Mix 500 pL of n-
undecane and 500 pL 2-methylheptane.
18. Ternary mixture: Mix 650 mL

dichloromethane, 330 mL methanol and 20
mL water in a 1000-mL- volumetric flask.

*NOTE: Each new bottle must be analyzed
immediately after opening to accurately
measure the concentration.

EQUIPMENT

1.

- O O 00 NO

—_

12.

13.

Sampler: glass tube, length 125 mm, 7-mm
OD, 5-mm ID, flame sealed ends, containing
two sections of silica gel (front 500 mg, back
1000 mg) separated by a 2-mm ceramic plug.
The ceramic plug is in front and a silylated
glass wool plug follows the back section.
Tubes are commercially available.

. Personal sampling pump capable of

producing flow rates between 0.05 to 0.1
L/min, with flexible connecting tubing.

. Gas chromatograph, equipped with split

injector (capillary flow split), two separation
columns with separate FIDs, and data
processing unit.

. Fused silica capillary columns (for parallel

separation): 60 m low-polarity fused silica,
0.25 mm ID and film thickness 0.25 um. 60 m
high-polarity polyethylene glycol, 0.25 mm
ID and film thickness 0.25 um.

. Vessels, 15-mL, glass, with screw caps and

PTFE septum.

. Volumetric flasks, 5, 50 and 1000 mL.

. Syringes, glass, 10 to 500 pL.

. Pipettes, glass, 5 and 10 mL.

. Bottles, polyethylene, 100 mL.

. Syringes, polypropylene, 2 mL.

. Syringe filter cartridges, with 0.45-um pore

size polytetrafluoroethylene (PTFE)
membrane filters.

Micro-syringes, 50 pL, with 60 mm x 0.6 mm
needles.

Auto-sampler vials, with PTFE septum, 1.5 mL
capacity.

SPECIAL PRECAUTIONS: Analytes should be handled in a fume hood. Wear protective clothing and
eyewear. Dichloromethane is a potential occupational carcinogen [12].

SAMPLING, SAMPLE TRANSPORT AND STORAGE

1.
2.

Calibrate each personal sampling pump with a representative sampler in the line.
Break the ends of the sampler immediately before sampling. Attach sampler to the personal

sampling pump with flexible tubing.

Sample at an accurate known flow rate between 0.05 and 0.1 L/min for a total sample size of not

more than 10 L.

Cap the samplers with plastic (not rubber) caps and pack securely for shipment.

Analyze samples within 28 days of receipt.
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SAMPLE PREPARATION

Place the entire contents of the sorbent tube in a 15-mL screw-cap-vessel.

Add 5 mL ternary mixture and securely cap the vessel immediately.

Allow to stand at least 18 hours with occasional agitation.

Add 2.5 pl of internal standard solution.

Take sample solution with a 2-ml-polypropylene syringe and filter through a PTFE filter into an auto
sampler vial.

©CVvxNO

CALIBRATION AND QUALITY CONTROL

11. Calibrate with at least six standards for each substance in the range given in Table 3.

a. Place the contents of a sorbent tube in a 15-mL screw-cap-vessel and add 5 mL ternary mixture

solvent.
Add known amount of analyte.

c. Store at room temperature for 18 hours and then add 2.5 uL of internal standard solution.
Note: Internal standards are used to aid in identification of retention times of unknowns.

d. Analyze and prepare a calibration graph for the two columns separately (peak areas of analyte
and internal standard (nonpolar column:2-methylheptane; polar column: n-undecane) vs
concentration).

12. Prepare each day at least three quality control solutions in the same manner and range and analyze
together with samples and blanks.

13. Determine desorption efficiency (DE) at least once for each batch of sorbent used for sampling in the
calibration range.

a. Prepare three tubes at each of five levels plus three media blanks.

b. Inject a known amount of analyte solution directly onto the front sorbent section while drawing
purified air through the tube.

c. Draw approximately 10 L air through the sorbent tube, then cap the ends of each tube and allow
to stand overnight.

d. Desorb (steps 6 to 9) and analyze together with quality control samples and blanks (steps 14 to
15).

14. Analyze a minimum of three quality control spikes and three analyst spikes to insure that the
calibration graph and the DE graph are in control.

MEASUREMENT

15. Set gas chromatograph parameters to manufacturer’s recommendations and to conditions give on
Page 1. Inject a 1-pL sample aliquot into the gas chromatograph.
NOTE: If the peak area exceeds the linear calibration range, dilute with desorption solvent, reanalyze
and apply the appropriate dilution factor in calculations.
16. Measure analyte peak areas at applicable retention times (Table 4).

CALCULATIONS:

17. Calculate the mass concentration of each analyte, C (mg/m?), in the air volume sampled, V (L):

C=(C1'V1'Fd)_(C0'Vo)
V-n
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where:
Co= mean concentration, in mg/L, of analyte in the field blank test solutions;
Ci = concentration, in mg/L, of analyte in the sample test solution;
V = volume, in liters, of the air sample;
Vo= volume, in mL, of the field blank test solutions;
1=volume, in mL, of the sample test solutions;
Fq = dilution factor for each sample test solution;
n = desorption efficiency.
EVALUATION OF METHOD:

The method recovery, at levels from the LOQ to at least 2 times the REL, was determined for each analyte
by carrying out sampling and analytical experiments at a dynamic test gas facility [3,4]. Experiments were
conducted at four concentration levels of each analyte and for relative humidities of 20%, 50% and 80% at
20 °C. All analytes exhibited method recovery >95 % at the levels evaluated (see Table 3). At low relative
humidity (<30%) the recoveries of cyclohexanone, cyclopentanone and 2-hexanone were reduced
without water in the extraction solution. Use of a small content of water (2%) during extraction avoids
losses based on low humidity during sampling. Each analyte, at levels below and above the REL, was
evaluated for its storage stability [3,4]. The samples were prepared by sampling at a dynamic test gas
device at a relative humidity of 50% (20 °C). The samples were then stored at room temperature for four
weeks. All analytes demonstrated acceptable recoveries (>90%) after 28 days of storage [3]. The
performance of the method was separately verified in independent laboratories [4,13].
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Disclaimer: Mention of any company or product does not constitute endorsement by NIOSH. In addition,
citations to websites external to NIOSH do not constitute NIOSH endorsement of the sponsoring
organizations or their programs or products. Furthermore, NIOSH is not responsible for the content of
these websites. All web addresses referenced in this document were accessible as of the publication date.

NIOSH Manual of Analytical Methods (NMAM), Fifth Edition



KETONES: METHOD 2027, Issue 1, dated 17 July 2016 - Page 6 of 7

Table 1. Synonyms, Formulae, Molecular weights, Properties, CAS#, RTECS

Compound/ Empirical Molecular Boiling Melting Vapor Vapor Density
synonyms formula weight point® point® pressure pressure @ 20 °C?
CAS# (°C) (°Q) @ 20°C @ 20°C (g/mL)
RTECS (kPa)? (mm Hg)?

Acetone /
2-Propanone CHO 5808 56.2 -95 246 184 0.79
AL3150000

2-Butanone

Methylethylketone 10 7211 79.6 86 10.5 78.8 0.81

EL6475000

Cyclohexanone /

Cyclohexylketone ¢ 0 98.14 1556 -26 0.455 3.41 0.95
GW1050000

Cyclopentanone /

Ketocyclopentane )
120-92-3 GsHsO 84.12 130.6 58.2 1.14 8.55 0.95

GY4725000
2-Hexanone /
Butyl methylketone ¢ 4,0 10016 1272 56 1.28 9.60 0.81
MP1400000

4-Methyl-2-
pentanone /
MIBK/Methyl
isobutyl ketone
108-10-1
SA9275000

2,6-Dimethyl-4-

heptanone/

Diisobutyl ketone CoHi30 142.24 168 -46 0.23° 1.7° 0.81
108-83-8

MJ5775000

GsH120 100.16 116.8 -80.3 1.88 14.1 0.80

2 Physical and chemical property data from GESTIS substance database, except where noted otherwise [7]
®Vapor pressure for 2,6-dimethyl-4-heptanone [8]

Table 2. Occupational exposure limits, ppm [9]

Substance OSHA PELs NIOSH RELs
TWA TWA STEL mg/m? per ppm

Acetone 1000 250 241
2-Butanone 200 200 300 295
Cyclohexanone 50 25 4.08
Cyclopentanone 3.50
2-Hexanone 100 1 4.16
4-Methyl-2-pentanone 100 50 75 4.16
2,6-Dimethyl4-heptanone 50 25 5.91
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Table 3. Measurement range, precision, uncertainty and recovery (N=6)

Substance LOD LOQ Measurement
(mg/sample) (mg/sample) Range Precision U? Mean
(mg/sample) (S:) (%) Recovery
(DE)
Acetone 0.006 0.02 0.02-26 0.0083- 11-12 097
0.024
2-Butanone 0.006 0.02 0.02-14 0.0078- 11-12 098
0.024
Cyclohexanone 0.006 0.02 0.02-12 0.010- 12-13 097
0.022
Cyclopentanone 0.006 0.02 0.02- 2 0.008- 11-12  0.95
0.023
2-Hexanone 0.006 0.02 0.02- 047 0.018- 11-12 098
0.022
4-Methyl2- 0.006 0.02 0.02- 2 0.011- 11-12 099
pentanone 0.023
2,6-Dimethyl-4- 0.005 0.02 0.02- 5 0.006- 11-12  1.01
heptanone 0.023

2 Expanded uncertainty calculated in accordance with EN 482 [10] and EN 1076 [11]

Table 4. Approximate retention times on polar and nonpolar separation columns

Substance Approximate retention time Approximate retention time

non-polar column polar column

(min) (min)
Acetone 6.5 7.1
2-Butanone 9.2 2
Cyclohexanone 25.5 25.9
Cyclopentanone 20.3 21.2
2-Hexanone 20.0 17.3
4-Methyl-2-pentanone 17.2 13.8
2,6-Dimethyl4- 28.4 22.0
heptanone

3 The retention time of butanone is equal to that of the solvent on the polar column.
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