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NIOSH Analytical Methods for Set F 

A joint National Institute for Occupational Safety and Health 
(NIOSH)/Occupational Safety and Health Administration (OSHA) Standards 
Completion Program will complete standards for approximately 400 air 
contaminants presently listed in Tables Z-l, Z-2, and Z-3 of 29 CFR 
Part 1910.1000 by adding other requirements of a standard required under 
Section 6(b)(7) and 8(c)(3) of the Occupational Safety and Health Act 
of 1970 (PL 91-596). These completed standards will then contain, in 
addition to the permissible exposure limit given in 1910.93, appropriate 
provisions requiring monitoring of worker 7xposure, engineering control, 
personal protection, employee training, medical surveillance, and record 
keeping. 

As a part of the Standards Completion Program, NIOSH is engaged in 
a two-year study under contract CDC-99-74-45 to validate sampling and 
analytical procedures for use in monitoring worker exposure to substances 
listed in Tables Z-l, Z-2, and Z-3. These methods have been validated 
and are suitable for measuring airborne concentrations of these substances 
and thus may be used for determining compliance with the standard or the 
need for control, for research, or whenever there is a need to measure 
airborne concentrations in the workplace. These analytical methods should 
not be considered the only methods which may be used to evaluate worker 
exposure. Other methods meeting the accuracy requirements in the standard 
may also be used. 

These analytical methods will be periodically modified as new 
developments in science and technology require. 

Set F 
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Analyte: 

Hatrix: 

2-Butoxy Ethanol 
(Butyl Cellosolve) 

2-Butoxy Ethanol 

Air 

Hethod No.: S76 

OSHA Standard: 50 ppm (240 mg/cu m) 

Range: 124-490 mg/cu m 

Precision (CVT): 0.060 

Validation Date: 2/14/75 
Procedure: Adsorption on charcoal, 

desorption with 5% 
methanol in methylene 
chloride, GC 

1. Principle of the Hethod 

1.1 A known volume of air is drawn through a charcoal tube to trap 

the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 

sample container, and the analyte is desorbed with 5% methanol 

in methylene chloride. 

1.3 An aliquot of the desorbed sample is injected into a gas 

chromatograph. 

1.4 The area of the resulting peak is determined and compared with 

areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 124-490 mg/cu m 

at an atmospheric temperature and pressure of 21°C and 766 rom 

Hg, using a 10 liter sample. Under the conditions of sample 

size (10 liters) the probable useful range of this method is 

25-720 mg/cu m at a detector sensitivity that gives nearly full 

deflection on the strip chart recorder for a 7 mg sample. The 

method is capable of measuring much smaller amounts if the 

desorption efficiency is adequate. Desorption efficiency must 

be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 

adsorptive capacity of the charcoal tube. This capacity varies 

with the concentrations of 2-butoxy ethanol and other substances 

in the air. The first section of the charcoal tube was found 

to hold at least 21 mg of 2-butoxy ethanol when a test atmosphere 

S76-l 



containing 480 mg/cu rn of 2-butoxy ethanol in air was sampled 
at 0.183 liter per minute for 240 minutes; at that time the 
concentration of analyte in the effluent was less than 5% of 
that in the influent. (The charcoal tube consists of two sections 
of activated charcoal separated by a section of urethane foam. 
See Section 6.2). If a particular atmosphere is suspected of 
containing a large amount of contaminant, a smaller sampling 
volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. Since 5% methanol 
in methylene chloride is used rather than carbon disulfide to 
desorb the 2-butoxy ethanol from the charcoal, it would not 
be possible to measure methanol or methylene chloride in the 
sample with this desorbing solvent. If it is suspected that 
methanol or methylene chloride is present, a separate sample 
should be collected for methanol or methylene chloride analysis. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 124-490 mg/cu m was 0.060. This 
value corresponds to a 14 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 8% lower than the "true values at 
the OSI~ standard level. 

5. Advantages and Disadvantages of the }fethod 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a 'quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 

two or more substances suspected to be present in the same 

sample by simply changing gas chromatographic conditions from 

isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 

which can be taken is limited by the number of milligrams that 

the tube will hold before overloading. When the sample value 

obtained for the backup section of the charcoal tube exceeds 

25% of that found on the front section, the possibility of 

sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 

reproducibility of the pressure drop across the tubes. This 

drop will affect the flow rate and cause the volume to be 

imprecise, because the pump is usually calibrated for one tube 

only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 

determined within +5% at the recommended flow rate. 

(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 

long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 

of 20/40 mesh activated charcoal separated by a 2-mm portion 

of urethane foam. The activated charcoal is prepared from 

coconut shells and is fired at 600°C prior to packing. The 

adsorbing section contains 100 mg of charcoal, the backup sec­

tion 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 

sily1ated glass wool is placed in front of the adsorbing sec­

tion. The pressure drop across the tube must be less than one 

inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (lO-ft x l/S-in stainless steel) packed with 10% FFAP 

on 80/100 mesh, acid washed DMCS Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 

measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 

Teflon-lined caps. 

6.7 11icro1iter syringes: 10-micro1iter, and other convenient sizes 

for making standards. 

6.S Pipets: 0.5-ml delivery pipets or 1.0-ml type graduated in 

O.l-ml increments. 
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6.9 Volumetric flasks: 10-m1 or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Eluent: 5% methanol in methylene chloride (both reagent grade). 

7.2 2-Butoxy Ethanol, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 10 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should ruober caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
5% methanol in methylene chloride is pipet ted into 
each sample container. Desorption should be done for 
30 minutes. Tests indicate that this is adequate if 
the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

l. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 215°C injector temperature 

5. 263°C manifold temperature (detector) 

6. 145°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 10 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, lX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of the eluent 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 ml of the eluent, because samples are desorbed in this 
amount of eluent. The density of the analyte is used to convert 
mg into microliters for easy measurement with a microliter syringe. 
A series of standards, varying in concentration over the range of 
interest, is prepared and analyzed under the same GC conditions 
and during the same time period as the unknown samples. Curves 
are established by plotting concentration in mg/0.5 ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml of the eluent and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/samp1e Total weight 
D.E. 

10.5 The concentration of the analyte in the air sanpled can be 
expressed in mg/cu m. 

mg/cu m Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 

where: 

11. References 

P 
T 
24.45 
M.W. 
760 
298 

24.45 
M.W. X 

760 
P 

X 
T + 273 

298 

pressure (mm Hg) of air sampled 
temperature (OC) of air sampled 
molar volume (liter/mole) at 25°C and 760 mm Hg 
molecular weight (g/mole) of analyte 
standard pressure (mm Hg) 
standard temperature (OK) 

11.1 White, L.D. et aI, "A Convenient Optimized Hethod for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 11:.: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSH-99-7l-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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n-Buty1 G1ycidy1 Ether 

Ana1yte: n-Buty1 G1ycidy1 Ether Hethod No. : S81 

Hatrix: Air Range: 133-542 mg/cu m 

OSHA Standard: 50 ppm (270 mg/cu m) Precision (CV
T): 0.074 

Procedure: Adsorption on charcoal, Validation Date: 2/14/75 
desorption with carbon 
disulfide, GC 

1. Principle of the Hethod 

1.1 A known volume of air is drawn through a charcoal tube to trap the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 133-542 mg/cu m at an atmospheric temperature and pressure of 22°C and 767 mm Hg, using a 10 liter sample. Under the conditions of sample size (10 liters) the probable useful range of this method is 30-810 mg/cu m at a detector sensitivity that gives nearly full deflection on the strip chart recorder for a 8 mg sample. The method is capable of measuring much smaller amounts if the desorption efficiency is adequate. Desorption efficiency must be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the adsorptive capacity of the charcoal tube. This capacity varies with the concentrations of n-buty1 glycidy1 ether and other substances in the air. The first section of the charcoal tube was found to hold at least 23 mg of n-buty1 glycidy1 ether when 
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a test atmosphere containing 530 mg/cu m of n-butyl glycidyl 
ether in air was sampled at 0.183 liter per minute for 240 
minutes; at that time the concentration of analyte in the 
effluent was less than 5% of that in the influent. (The char-
coal tube consists of two sections of activated charcoal separated 
by a section of urethane foam. See Section 6.2). If a particular 
atmosphere is suspected of containing a large amount of contaminant, 
a smaller sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 133-542 mg/cu m was 0.074. This 
value corresponds to a 20 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 1.8% lower than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Hethod 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. vfuen the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 
si1y1ated glass wool is placed in front of the adsorbing sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (10-ft x l/B-·in stainless steel) packed with 10% FFAP 
on BO/100 mesh, acid washed DHC8 Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Hicro1iter syringes: 10-micro1iter, and other convenient sizes 
for making standards. 

6.8 Pipets: 0.5-m1 delivery pipets or 1.0-m1 type graduated in 
O.1-m1 increments. 
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6.9 Volumetric flasks: 10-m1 or convenient sizes for making 

standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 n-Buty1 G1ycidy1 Ether, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 

analysis should be detergent washed and thoroughly rinsed with 

tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 

calibrated with a representative charcoal tube in the line. 

This will minimize errors associated with uncertainties in 

the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 

to provide an opening at least one-half the internal 

diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 

and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 

during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 

or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 10 liters is recommended. 

Sample at a flow of 0.20 liter per minute or less. 

The flow rate should be known with an accuracy of 

at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 

should be recorded. If pressure reading is not available, 

record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 

plastic caps immediately after sampling. Under no 

circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
carbon disulfide is pipetted into each sample container. 
(All work with carbon disulfide should be performed in 
a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Tests indicate that this is adequate 
if the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 180°C injector temperature 

5. 275°C manifold temperature (detector) 

6. 130°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and as-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Heasurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped ,vith Parafilm. 
A known amount of the ana1yte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafi1m. 

The amount injected is equivalent to that present 
in a 10 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, IX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of carbon disulfide 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average i~eight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 ml carbon disulfide, because samples are desorbed in this 
amount of carbon disulfide. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown saffiples. 
Curves are established by plotting concentration in mg/O.S ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml carbon disulfide and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A, similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m 
Corrected mg (Section 10.4) X 1000 (liter/cu m) 

Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 

where: 

P 

24.45 
H.W. X 

760 
p X 

T + 273 
298 

pressure (rom Hg) of air sampled 
T 
24.45 
N.H. 
760 
298 

= temperature (OC) of air sampled 

11. References 

molar volume (liter/mole) at 25°C and 760 rom Hg 
molecular weight (g/mole) of analyte 
standard pressure (rom Hg) 
standard temperature (OK) 

11.1 White, L.D. et aI, "A Convenient Optimized Method for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 11:.: 225 (1970). 

11.2 Documentation of NIOSE Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11. 3 Final Report, NIOSH Contract HS}!-99-7l-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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Ana1yte: 

Matrix: 

OSHA Standard: 

Procedure: 

Chlorinated Camphene 
(Toxaphene) 

Chlorinated Camphene 

Air 

0.5 mg/cu m 

Filter collection, 
petroleum ether 
extraction, GC 

1. Principle of the Method 

Method No.: S67 

Range: 0.225-1.155 mg/cu m 

Precision (CVT): 0.076 

Validation Date: 2/14/75 

1.1 A kno~n volume of air is dra~n through a cellulose membrane filter 
to collect particulate matter. 

1.2 The filter is transferred to a screw cap bottle and extracted with 
petroleum ether. 

1.3 An aliquot of the extract is analyzed by electron capture gas 
chromatography. 

1.4 The area of the sample peaks is determined and compared with 
areas obtained from standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 0.225-1.155 mg/cu m 
at an atmospheric temperature and pressure of 22°C and 761 mm Hg, 
using a IS-liter sample. The probable useful range of this 
method is 0.05-1.5 mg/cu m for IS-liter samples. 

2.2 The upper limit of the range of the method is dependent on the 
collection efficiency of the cellulose membrane filter. If 
higher concentrations than those tested are to be sampled, 
smaller sample volumes should be used. The collection efficiency 
for chlorinated camphene was considered to be 1.00 + 0.01 when sampled 
for 15 minutes at 1 liter per minute from a test atmosphere 

containing 1 mg/cu m. 

S67-1 19< 



3. Interference 

3.1 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected identities, 
should be transmitted with the sample. 

3.2 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method and a high electron capture cross 
section is an interference. 

3.3 Chlorinated camphene is composed of a mixture of compounds, which 
chromatograph over a range of retention times. Any compound with 
an electron capture response in this retention time band will 
interfere. This would include pesticides, such as aldrin, 
parathion, dieldrin, DDT and its metabolites, and PCB's. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CV
T

) for the total analytical and 
sampling method in the range of 0.225-1.155 mg/cu m was 0.076. 
This value corresponds to a standard deviation of 0.038 mg/cu m 
at the OSHA standard level. Statistical information and details 
of the validation and experimental test procedures can be found 
in Reference 11.1. 

4.2 A collection efficiency of 1.00 + 0.01 was determined for the 
collection medium; thus, no bias-was introduced in the sample 
collection step. There were no apparent biases in the sampling 
and analytical method for which analytical method recovery 
corrections were made. Thus CV

T 
is a satisfactory measure of both 

accuracy and precision of the sampling and analytical method. 

5. Advantages and Disadvantages of the Method 

" .·f· 
" 
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5.1 The sampling device is small, portable, and involves no liquids. 
Samples collected on filters are analyzed by means of a quick, 
instrumental method. 

5.2 Other volatile compounds which give an electron capture response 
that are dispersed as particulates, are likely to interfere. 

Apparatus 
.; 

'6.1 The sampling unit for the collection of personal air samples 
for the determination of organic aerosol has the following 
components: 

6.l.1 

6.l.2 

The filter unit consisting of the filter media (Section 
6.2) and a polystyrene 37-mm 3-piece cassette filter 
holder. Do not use tenite filter holders. 

Personal Sampling Pump: A calibrated personal sampling 
pump whose flow can be determined to an accuracy of 

... ~ t. •. J + 5% (Reference ll.l) at the recommended flow rate. The 
pu~p must be calibrated with a representative filter 

, . 
.. , .: ..... 

.. . ., . . ~ : . 
-.A, ',' , .II'''' .. 

,;'~'hofltier and filter in the 1 ine . 
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6.2 Mixed cellulose ester membrane filter, 0.8 micrometer pore size 
and 37 mm diameter. The filter is held in the three piece 
cassette supported by a cellulose backup pad. 

6.3 Screw cap bottles. Within 1 hour after the sample has been 
collected, the filter is transferred to a clean screw cap bottle 
(a 45-mm tissue sample holder is satisfactory) for shipping. 

6.4 Gas chromatograph equipped with an electron capture detector. 

6.5 Column (6-ft X 1/4-in glass) packed with 3% OV-l on 100/120 mesh 
Gas-Chrom Q. 

6.6 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.7 Sample extraction equipment. 

6.7.1 Beakers, 50 ml. 

6.7.2 Volumetric flasks, 10 ml. 

6.7.3 Tweezers and funnels. 

6.8 Microliter syringes: 10-microliter and other convenient sizes 
for making standard solutions. 

6.9 Volumetric flasks: 10-ml and other convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Petroleum ether, 30° to 60°C boiling range, suitable for pesticide 
residue analysis, Mallinckrodt Nanograde~ or equivalent. 

7.2 Chlorinated camphene (toxaphene), reagent grade. 

7.3 Purified nitrogen. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis as well as the screw cap bottles should be detergent 
washed and thoroughly rinsed with tap water and distilled water, 
dried, and then rinsed with petroleum ether. 

8.2 Calibration of Personal Sampling Pumps. Each personal sampling 
pump must be calibrated with a representative filter cassette in 
the line. This will minimize errors associated with uncertainties 
in the sample volume collected. 
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8.3 Collection and Shipping of Samples 

8.3.1 Assemble the filter in the three piece filter cassette 

holder and close firmly to insure that the center ring 

seals the edge of the filter. The cellulose membrane 

filter is held in place by a cellulose backup pad. 

8.3.2 Remove the cassette plugs and attach to the personal 

sampling pump tubing. Clip the cassette to the worker's 

lapel. 

8.3.3 Air being sampled should not pass through any hose or 

tubing before entering the filter cassette. 

8.3.4 A sample size of 15 liters is recommended. Sample at a 

flow of 1.0 liter per minute. The flow rate should be 

known with an accuracy of ~5%. 

8.3.5 Turn the pump on and begin sample collection. Since it 

is possible for a filter to become plugged by heavy 

particulate loading or by the presence of oil mists or 

other liquids in the air, the pump rotameter should be 

observed frequently, and the sampling should be terminated 

at any evidence of a problem. 

8.3.6 Terminate sampling at the predetermined time and note 

sample flow rate, collection time and ambient temperature 

and pressure. If pressure reading is not available, record 

the elevation. 

8.3.7 The cellulose filter should be removed from the cassette 

filter holder and the cellulose backup pad within 1 hour 

of sampling and placed in a clean screw cap bottle. Care 

must be taken to handle the filter only with clean tweezers. 

8.3.8 Carefully record sample identity and all relevant sampling 

data. 

8.3.9 With each batch of samples submit one filter which is 

subjected to exactly the same handling as for the samples 

except that no air is dra~n through it. Label this as 

a blank. 

8.3.10 The screw cap bottles in which the samples are stored 

should be shipped in a suitable container, designed to 

prevent damage in transit. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. Care must be taken to handle the 

filter only with clean tweezers. Open the screw cap 
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bottle, remove the filter, and place the filter in a 
50-ml beaker. Rinse the screw cap bottle with 3 ml 
petroleum ether. Pour the solvent into the beaker. 
Swirl the solvent over the filter, then decant the extract 
into a 10-ml volumetric flask. Repeat this process two 
more times. Dilute the combined extracts to a total of 
10 ml with petroleum ether, stopper, and mix. 

8.4.2 GC Conditions. The typical operating conditions for the 
gas chromatograph are: 

l. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 250°C detector temperature 

3. 230°C injector temperature 

4. 205°C column temperature 

8.4.3 Injection. The first step in the analysis is the injection 
of the sample into the gas chromatograph. To eliminate 
difficulties arising from blow back or distillation 
within the syringe needle, one should employ the solvent 
flush injection technique. The 10-mJcroliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are dravm into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed from 
the solvent, and the plunger is pulled back about 0.2 
microliter to separate the solvent flush from the sample 
with a pocket of air to be used as a marker. The needle 
is then immersed in the sample, and a 5-microliter aliquot 
is withdravm, taking into consideration the volume of the 
needle, since the sample in the needle will be completely 
injected. After the needle is removed from the sample 
and prior to injection, the plunger is pulled back 1.2 
microliters to minimize evaporation of the sample from 
the tip of the needle. Observe that the sample occupies 
4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should be 
made. No more than a 3% difference in area is to be 
expected. 

8.4.4 Measurement of area. The areas of the sample peaks are 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are read 
from a standard curve prepared as discussed in Section 9. 
The peaks are not resolved, and therefore the total area 
of the envelope of peaks is measured as a single area. 
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8.5 Determination of Analytical Method Recovery 

8.5.1 Need for determination. It is anticipated that the 
extraction scheme is dependent on operator skill and 
perhaps on the formulation used to disperse the analyte. 
Thus, it is necessary to determine the recovery of the 
analyte. 

8.5.2 Procedure for determining analytical method recovery. 
A known amount of petroleum ether solution containing 
1.74 mg/ml of chlorinated camphene, preferably equivalent 
to the sample concentration expected, is added to a 
representative cellulose membrane filter and air-dried. 
The analyte is then extracted from the filter and analyzed 
as described in Section 8.4. An amount of the analyte 
equivalent to that present in a 15 liter sample at the 
selected level is used for the extraction studies. Six 
filters at each of the three levels (0.5X, IX, and 2X the 
OSHA standard) are dosed accordingly. A parallel blank 
filter is also treated in the same manner except that no 
sample is added to it. All filters are then extracted 
and analyzed as described in Section 8.4. 

Three standards are prepared by injecting the same amount 
of analyte into 10 ml of petroleum ether with the same 
syringe used in the preparation of the dosed filters and 
are analyzed at the same time. 

Analytical method recovery (A.M.R.) equals 
mg found divided by the weight in mg added 

A.M.R. 

9. Calibration and Standards 

Weight found (mg) 
Weight added (mg) 

the weight in 
to the filter, or 

It is convenient to express concentration of standards in terms of 
mg/IO ml petroleum ether, because samples are extracted in this amount 
of petroleum ether. A series of standards, varying in concentration 
over the range of interest, is prepared and analyzed under the same 
GC conditions and during the same time period as the unlmovm samples. 
Curves are established by plotting concentration in mg/IO ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the electron capture 
response. 
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10. Calculations 

10.1 Read the weight, in mg, corresponding to each envelope of 
peak areas from the standard curve. No volume corrections 
are needed, because the standard curve is based on mg/lO ml 
of petroleum ether and the volume of sample injected is identi­
cal to the volume of the standards injected. 

10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample 
mg blank 

= mg found in sample filter 
mg found in blank filter 

10,3 Divide the total weight by the analytical method recovery (A.M.R.) 
to obtain the corrected mg/sample. 

Total weight 
Corrected mg/sample = -----~~=-~­

A.M.R. 

10.4 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

Corrected mg (Section 10.3) x 1000 (liter/cu m) 
mg/cu m = -------------~~~~----~--~~~~~~~--------~ Air Volume Sampled (liter) 

11. Reference 

11.1 Documentation of NIOSH Validation Tests, NIOSH Contract No. 
CDC-99-74-45. 
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Cyc10hexene 

Ana1yte: Cyclohexene Method No.: S82 

Matrix: Air Range: 510-2030 mg/cu m 

OSHA Standard: 300 ppm (1010 mg/cu m) Precision (CV ): 0.073 
T 

Procedure: Adsorption on charcoal, Validation Date: 2/14/75 
desorption with carbon 
disulfide, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the ana1yte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 510-2030 mg/cu m 
at an atmospheric temperature and pressure of 23.5°C and 768 rom 
Hg, using a 5 liter sample. Under the conditions of sample 
size (5 liters) the probable useful range of this method is 
100-3030 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 15 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency i,s adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of cyc10hexene and other substances 
in the air. The first section of the charcoal tube was found 
to hold 21 mg of cyc10hexene when a test atmosphere containing 
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2002 mg/cu m of cyclohexene in air was sampled at 0.185 liter 
per minute for 56 minutes; breakthrough was observed at this 
time, i.e. the concentration of analyte in the effluent was 
5% of that in the influent. (The charcoal tube consists of 
two sections of activated charcoal separated by a section of 
urethane foam. See Section 6.2). If a particular atmosphere 
is suspected of containing a large amount of contaminant, a 
smaller sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum-­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 510-2030 mg/cu m was 0.073. This 
value corresponds to a 74 mg/cu m standard deviation at the OSt~ 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method "ere 9% higher than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental nethod. 
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The method can also be used for the simultaneous analysis of 

two or more substances suspected to be present in the same 

sample by simply changing gas chromatographic conditions from 

isothermal to a temperature-programmed mode of operation. 

S.2 One disadvantage of the method is that the amount of sample 

which can be taken is limited by the number of milligrams that 

the tube will hold before overloading. When the sample value 

obtained for the backup section of the charcoal tube exceeds 

2S% of that found on the front section, the possibility of 

sample loss exists. 

S.3 Furthermore, the precision of the method is limited by the 

reproducibility of the pressure drop across the tubes. This 

drop will affect the flow rate and cause the volume to be 

imprecise, because the pump is usually calibrated for one tube 

only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 

determined within +S% at the recommended flow rate. 

(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 

long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 

of 20/40 mesh activated charcoal separated by a 2-mm portion 

of urethane foam. The activated charcoal is prepared from 

coconut shells and is fired at 600°C prior to packing. The 

adsorbing section contains 100 mg of charcoal, the backup sec­

tion SO mg. A 3-mm portion of urethane foam is placed between 

the outlet end of the tube and the backup section. A plug of 

si1y1ated glass wool is placed in front of the adsorbing sec­

tion. The pressure drop across the tube must be less than one 

inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (4-ft X 1/4-in stainless steel) packed with SO/SO mesh 

Porapak, Type Q. 

6.S An electronic integrator or some other suitable method for 

measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 

Teflon-lined caps. 

6.7 Microliter syringes: 10-microliter, and other convenient sizes 

for making standards. 

6.8 Pipets: O.S-ml delivery pipets or 1.0-m1 type graduated in 

O.l-ml increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Cyclohexene, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 5 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass 'voo1 is removed and discarded. The charcoal in 
the first (larger) section is transferred to a 1-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
carbon disulfide is pipetted into each sample container. 
(Al1 'vork with carbon disulfide should be performed in 

8.4.3 

a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Tests indicate that this is adequate 
if the sample is agitated occasionally during this period. 

GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 195°C injector temperature 

5. 260°C manifold temperature (detector) 

6. 205°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and as-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 ~feasurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 5 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, lX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of carbon disulfide 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average lveight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 ml carbon disulfide, because samples are desorbed in this 
amount of carbon disulfide. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/0.5 ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml carbon disulfide and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m = 
Corrected mg (Section 10.4) X 1000 (liter/cu m) 

Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m 

where: 

11. References 
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T 
24.45 
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24.45 

M.W. X 
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pressure (mm Hg) of air sampled 
temperature (OC) of air sampled 
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11.1 White, L.D. et aI, "A Convenient Optimized Method for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 1l: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSM-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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Dipropylene Glycol Methyl Ether 

Analyte: Dipropylene Glycol Methyl Ether Method No.: S69 

Matrix: Air Range: 314-1197 mg/cu m 

OSHA Standard: 100 ppm (610 mg/cu m) Precision (CV
T
): 0.064 

Validation Date: 2/14/75 Procedure: Adsorption on charcoal, 
desorption with carbon 
disulfide, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 314-1197 mg/cu m 
at an atmospheric temperature and pressure of 22°C and 765 mm 
Hg, using a 10 liter sample. Under the conditions of sample 
size (10 liters) the probable useful range of this method is 
60-1830 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 18 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of dipropylene glycol methyl ether and 
other substances in the air. The first section of the charcoal 
tube was found to hold 33 mg of dipropylene glycol methyl ether 
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when a test atmosphere containing 1219 mg/cu m of dipropy1ene 
glycol methyl ether in air was sampled at 0.185 liter per minute 
for 145 minutes; breakthrough was observed at this time, i.e. 
the concentration of ana1yte in the effluent was 5% of that in 
the influent. (The charcoal tube consists of two sections of acti­
vated charcoal separated by a section of urethane foam. See Section 
6.2). If a particular atmosphere is suspected of containing a large 
amount of contaminant, a smaller sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the ana1yte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 314-1197 mg/cu m was 0.064. This 
value corresponds to a 39 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 1.4% higher than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Hethod 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 
si1y1ated glass wool is placed in front of the adsorbing sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (lO-ft x l/B-in stainless steel) packed with 10% FFAP 
on 80/100 mesh, acid washed DMC8 Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: 10-micro1iter, and other convenient sizes 
for making standards. 

6.B Pipets: 0.5-ml delivery pipets or 1.0-ml type graduated in 
0.1-m1 increments. 
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6.9 Volumetric flasks: 10-m1 or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Dipropy1ene Glycol l1ethy1 Ether, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 10 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
carbon disulfide is pipetted into each sample container. 
(All work with carbon disulfide should be performed in 
a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Tests indicate that this is adequate 
if the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 210°C injector temperature 

5. 270°C manifold temperature (detector) 

6. 160°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The la-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and as-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-S.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.S Heasurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.S Determination of Desorption Efficiency 

8.S.l Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.S.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.S in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 10 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, IX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of carbon disulfide 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 ml carbon disulfide, because samples are desorbed in this 
amount of carbon disulfide. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/0.5 ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and va~iations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml carbon disulfide and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample 
Total weight 

D.E. 

10.5 The concentration of the analyte in the air sa~pled can be 
expressed in mg/cu m. 

mg/cu m 
Corrected mg (Section 10.4) X 1000 (liter/cu m) 

Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 

where: 

11. References 
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molar volume (liter/mole) at 25°C and 760 mm Hg 
molecular weight (g/~ole) of analyte 
standard pressure (mm Hg) 
standard temperature (OK) 
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No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSH-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 

S69-8 41< 



Ethyl Ether 

Analyte: Ethyl Ether Method No.: S80 

Matrix: Air Range: 606-2400 mg/cu m 

OSHA Standard: 400 ppm (1210 mg/cu m) Precision (CVT): 0.053 

Validation Date: 2/14/75 
Procedure: Adsorption on charcoal, 

desorption with ethyl 
acetate, GC 

1. Principle of the Hethod 

1.1 A known volume of air is drawn through a charcoal tube to trap 

the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 

sample container, and the analyte is desorbed with ethyl acetate. 

1.3 An aliquot of the desorbed sample is injected into a gas 

chromatograph. 

1.4 The area of the resulting peak is determined and compared with 

areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 606-2400 mg/cu m 

at an atmospheric temperature and pressure of 22°C and 766 rom 

Hg, using a 3 liter sample. Under the conditions of sample 

size (3 liters) the probable useful r3nge of this method is 

120-3630 mg/cu m at a detector sensitivity that gives nearly full 

deflection on the strip chart recorder for a 11 mg sample. The 

method is capable of measuring much smaller amounts if the 

desorption efficiency is adequate. Desorption efficiency must 

be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 

adsorptive capacity of the charcoal tube. This capacity varies 

with the concentrations of ethyl ether and other substances 

in the air. The first section of the charcoal tube was found 

to hold 15 mg of ethyl ether when a test atmosphere containing 
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2470 mg/cu m of ethyl ether in air was sampled at 0.185 liter 
per minute for 33 minutes; breakthrough was observed at this 
time, i.e. the concentration of analyte in the effluent was 
5% of that in the influent. (The charcoal tube consists of 
two sections of activated charcoal separated by a section 
urethane foam. See Section 6.2). If a particular atmosphere is 
suspected of containing a large amount of contaminant, a smaller 
sampling volume should be taken. 

3. Interference 

3.1 \~en the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 ~en two or more compounds are known or suspected to be present 
in the air, such information, including their suspected identi­
ties, should be transmitted with the sample. Since ethyl acetate 
is used rather than carbon disulfide to desorb the ethyl ether 
from the charcoal it would not be possible to measure ethyl 
acetate in the sample with this desorbing solvent. If it is 
suspected that ethyl acetate is present, a separate sample 
should be collected for ethyl acetate analysis. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 606-2400 mg/cu m was 0.053. This 
value corresponds to a 64 mg/cu m standard deviation at the OSI~ 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 5.1% higher than the "truel! values 
at the OS~ standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) -

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-rr~ O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 
sily1ated glass wool is placed in front of the adsorbing sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (4-ft x 1/4-in stainless steel) packed with 50/80 mesh 
Porapak, Type Q. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: 10-micro1iter, and other convenient sizes 
for making standards. 

6.8 Pipets: 0.5-ml delivery pipets or 1.0-m1 type graduated in 
O.l-ml increments. 
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6.9 Volumetric flasks: 10-rnl or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Eluent: Ethyl acetate, reagent grade 

7.2 Ethyl ether, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 3 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
ethyl acetate is pipetted into each sample container. 
Desorption should be done for 30 minutes. Tests 
indicate that this is adequate if the sample is agitated 
occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (SO psig) air flow to detector 

4. 19SoC injector temperature 

S. 2S0°C manifold temperature (detector) 

6. l7SoC column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 3 liter air sample at the selected level. 

S80-6 



Six tubes at each of three levels (O.SX, IX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of ethyl acetate 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. = 
Average Weight (mg) recovered 

Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/O.S ml ethyl acetate, because samples are desorbed in this 
amount of ethyl acetate. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/O.S ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/O.S ml ethyl acetate and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) for the amount found in the front section. Divide the total weight by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be expressed in mg/cu m. 

mg/cu m Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 

where: 

P 

24.45 
M.W. X 

760 
P 

X T + 273 
298 

pressure (rom Hg) of air sampled 
T 
24.45 
M.W. 
760 
298 

= temperature (OC) of air sampled 

11. References 

molar volume (liter/mole) at 25°C and 760 rom Hg 
molecular weight (g/mole) of analyte 
standard pressure (mm Hg) 
standard temperature (OK) 

11.1 White, L.D. et aI, "A Convenient Optimized Hethod for the Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 31: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSH-99-7l-3l, "Personal Sampler Pump for Charcoal Tubes," September 15, 1972. 
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G1ycido1 

Ana1yte: G1ycido1 Hethod No.: S70 

Hatrix: Air 

OSHA Standard: 50 ppm (150 mg/cu m) 

Range: 73-310 mg/cu m 

Precision (CVT); 0.080 

Validation Date: 2/14/75 Procedure: Adsorption on charcoal, 
desorption with tetra­
hydrofuran, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present, and the charcoal tube is immediately 
refrigerated at 4°C and held at that temperature until the 
sample is desorbed with tetrahydrofuran. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the analyte is desorbed with tetrahydrofuran. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 73-310 mg/cu m 
at an atmospheric temperature and pressure of 21°C and 768 mm 
Hg, using a 50 liter sample. Under the conditions of sample 
size (50 liters) the probable useful range of this method is 
15-450 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 22 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of glycidol and other substances in 
the air. The first section of the charcoal tube was found to 
hold 45 mg of glycidol when a test atmosphere containing 
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300 mg/cu m of glycido1 in air was sampled at 0.93 liter per 
minute for 163 minutes; breakthrough was observed at this time, 
i.e. the concentration of ana1yte in the effluent was 5% of 
that in the influent. (The charcoal tube consists of two sections 
of activated charcoal separated by a section of urethane foam. 
See Section 6.2). If a particular atmosphere is suspected of 
containing a large amount of contaminant, a smaller sampling 
volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected identi­
ties, should be transmitted with the sample. Since tetrahydro­
furan is used rather than carbon disulfide to desorb the glycidol 
from the charcoal, it would not be possible to measure tetrahydro­
furan in the sample with this desorbing solvent. If it is sus­
spected that tetrahydrofuran is present, a separate sample should 
be collected for tetrahydrofuran analysis. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 73-310 mg/cu ill was 0.080. This 
value corresponds to a 12 mg/cu m standard deviation at the OSPA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 3.1% lower than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. 1~en the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the purep is usually calibrated for one tube 
only. 

5.4 A disadvantage of the method is that the sample must be kept 
refrigerated, or recoveries are poor. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.2) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-~~ O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 
si1ylated glass wool is placed in front of the adsorbing sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (lO-ft x 1/8-in stainless steel) packed with 10% FFAP 
on 80/100 mesh, acid washed DMCS Chromosorb H. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: 10-micro1iter, and other convenient sizes 
for naking standards. 

6.8 Pipets: 0.5-m1 delivery pipets or 1.0-ml type graduated in 
O.l-ml increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Eluent: Tetrahydrofuran, chromatographic quality. 

7.2 Glycidol, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 50 liters is recommended. 
Sample at a flow of 1.0 liter per minute or less. 
The flow rate should be kno\offi \-lith an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 
Capped tubes should be refrigerated during storage and 
shipping at 4°C. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These t1vO 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
tetrahydroturan is pipetted into each sample container. 

8.4.3 

Desorption should be done for 30 minutes. Tests indicate that 
this is adequate if the sample is agitated occasionally during 
this period. 

GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 reI/min (50 psig) air flow to detector 

4. 225°C injector temperature 

5. 260°C manifold temperature (detector) 

6. 155°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Heasurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. These tubes must 
be refrigerated after injection of the analyte onto the 
charcoal. Previous studies have shown that the desorption 
efficiency decreases with time if the samples are stored 
at room temperature. 

The amount injected is equivalent to that present 
in a 50 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, IX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. The tubes should 
be kept refrigerated, and they are referred to as the 
samples. A parallel blank tube should be treated in the 
same manner except that no sample is added to it. The sample 
and blank tubes are desorbed and analyzed in exactly the 
san~ manner as the sampling tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of the eluent 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 ml tetrahydrofuran, because samples are desorbed in this 
amount of tetrahydrofuran. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/0.5 ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml tetrahydrofuran and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total vleight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m 

where: 

11. References 

P 
T 
24.45 
H.W. 
760 
298 

X 24.45 
M.W. x 760 

p x T + 273 
298 

pressure (rom Hg) of air sampled 
temperature (OC) of air sampled 
molar volume (liter/mole) at 25°C and 760 rom Hg 
molecular weight (g/mole) of analyte 
standard pressure (rom Hg) 
standard temperature (OK) 

11.1 vlhite, L.D. et al, "A Convenient Optimized Hethod for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 11:.: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSE Contract 
No. CDC-99-74-45. 
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Isopropyl G1ycidy1 Ether 

Analyte: Isopropyl Glycidyl Ether Method No.: S77 

Hatrix: Air Range: 121-484 mg/cu m 

OSHA Standard: 50 ppm (240 mg/cu m) Precision (CV
T
): 0.067 

Validation Date: 2/14/75 Procedure: Adsorption on charcoal, 
desorption with carbon 
disulfide, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 121-484 mg/cu m 
at an atmospheric temperature and pressure of 21°C and 763 mm 
Hg, using a 10 liter sample. Under the conditions of sample 
size (10 liters) the probable useful range of this method is 
25-720 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 7 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of isopropyl glycidyl ether and other 
substances in the air. The first section of the charcoal tube 
was found to hold at least 21 mg of isopropyl glycidyl ether 
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when a test atmosphere containing 480 mg/cu m of isopropyl 
glycidyl ether in air was sampled at 0.183 liter per minute 
for 240 minutes; at that time the concentration of analyte in 
the effluent was less than 5% of that in the influent. (The 
charcoal tube consists of two sections of activated charcoal 
separated by a section of urethane foam. See Section 6.2). If 
a particular atmosphere is suspected of containing a large amount 
of contaminant, a smaller sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 ~~en two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 121-484 mg/cu m was 0.067. This 
value corresponds to a 16 mg/cu m standard deviation at the OSP~ 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 7% lower than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Hethod 

5.1 The sampling device is small, portable, and involves no liquids, 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions fron 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flovl can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) -

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (lO-ft x 1/8-in stainless steel) packed with 10% FFAP 
on 80/100 mesh, acid washed DHCS Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Hicroliter syringes: la-microliter, and other convenient sizes 
for making standards. 

6.8 Pipets: 0.5-ml delivery pipets or 1.0-ml type graduated in 
O.l-ml increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Isopropyl Glycidyl Ether, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 10 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes shoulQ be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
carbon disulfide is pipetted into each sample container. 
(All work with carbon disulfide should be performed in 
a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Tests indicate that this is adequate 
if the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 205°C injector temperature 

5. 270°C manifold temperature (detector) 

6. 115°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-micro1iter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and as-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-S.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.S Heasurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.S Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafi1m. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 10 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, IX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of carbon disulfide 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. = Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/O.S ml carbon disulfide, because samples are desorbed in this 
amount of carbon disulfide. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/0.5 ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml carbon disulfide and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 

where: 

P 
T 
24.45 
M.H. 
760 
298 = 

11. References 

24.45 
M.W. X 

760 
P 

X 
T + 273 

298 

pressure (mm Hg) of air sampled 
temperature (OC) of air sampled 
molar volume (liter/mole) at 25°C and 760 rnrn Hg 
molecular weight (g/mole) of analyte 
standard pressure (rnrn Hg) 
standard temperature (OK) 

11.1 White, L.D. et aI, "A Convenient Optimized Method for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 1l: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSl1-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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Methyl Ce11oso1ve 

Analyte: Methyl Ce11oso1ve Hethod No.: S79 

Matrix: Air 

OSHA Standard: 25 ppm (80 mg/cu m) 

Range: 44-160 mg/cu m 

Precision (CVT): 0.068 

Validation Date: 2/14/75 Procedure: Adsorption on charcoal, 
desorption with 5% 
methanol in methylene 
chloride, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the ana1yte is desorbed with 5% methanol 
in methylene chloride. 

1.3 An aliquot of the desorbed sarr.ple is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 44-160 mg/cu m 
at an atmospheric temperature and pressure of 22°C and 768 rom 
Hg, using a 50 liter sample. Under the conditions of sample 
size (50 liters) the probable useful range of this method is 
8-240 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 12 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of methyl cellosolve and other substances 
in the air. The first section of the charcoal tube was found 
to hold 20 mg of methyl ce11oso1ve when a test atmosphere containing 
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158 mg/cu m of methyl cellosolve in air was sampled at 0.93 liter 
per minute for 138 minutes; breakthrough was observed at this 
time, i.e. the concentration of analyte in the effluent was 
5% of that in the influent. (The charcoal tube consists of 
two sections of activated charcoal separated by a section of 
urethane foam. See Section 6.2). If a particular atmosphere is 
suspected of containing a large amount of contaminant, a smaller 
sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. Since 5% methanol 
in methylene chloride is used rather than carbon disulfide to 
desorb the methyl cellosolve from the charcoal, it would not be 
possible to measure methanol or methylene chloride in the sample 
with this desorbing solvent. If it is suspected that methanol or 
methylene chloride is present, a separate sample should be collected 
for methanol or methylene chloride analysis. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 44-160 mg/cu m was 0.068. This 
value corresponds to a 5.4 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 7. 2~~ Imver than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those ",hich do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.2) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 
si1y1ated glass wool is placed in front of the adsorbing sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (10-ft x l/S-in stainless steel) packed with 10% FFAP 
on 80/100 mesh, acid washed DMCS Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: 10-micro1iter, and other convenient sizes 
for making standards. 

6.S Pipets: 0.5-ml delivery pipets or 1.0-m1 type graduated in 
0.1-m1 increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Eluent: 5% methanol in methylene chloride (both reagent grade). 

7.2 Methyl Cellosolve, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.-1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 50 liters is recommended. 
Sample at a flow of 1.0 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 

879-4 69< 



8.3.8 One tube should be handled in the same manner as the 

sample tube (break, seal, and transport), except that 

no air is sampled through this tube. This tube should 

be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 

they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 

laboratory in a glass container with a Teflon-lined 

cap. This sample should not be transported in the 

same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 

each charcoal tube is scored with a file in front of 

the first section of charcoal and broken open. The 

glass wool is removed and discarded. The charcoal in 

the first (larger) section is transferred to a l-ml 

stoppered sample container. The separating section of 

foam is removed and discarded; the second section is 

transferred to another stoppered container. These two 

sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 

5% methanol in methylene chloride is pipet ted into each 

sample container. Desorption should be done for 30 

minutes. Tests indicate that this is adequate if the 

sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 

the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 rel/min (50 psig) air flow to detector 

4. 215°C injector temperature 

5. 268°C manifold temperature (detector) 

6. 95°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­

tion of the sample into the gas chromatograph. To eli­

minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The la-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and as-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-S.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and prelimir.ary results are 
read from a standard curve prepared as discussed below. 

8.S Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 50 liter air sample at the selected level. 
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Six tubes at each of three levels (O.sX, IX, and 2X 
of the standard) are prepared in this manner and allo\-led 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of the eluent 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Height (mg) recovered 
Height (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found: This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/O.s ml of the eluent, because samples are desorbed in this amount 
of eluent. The density of the analyte is used to convert mg into 
microliters for easy measurement with a microliter syringe. A series 
of standards, varying in concentration over the range of interest, is 
prepared and analyzed under the same GC conditions and during the same 
time period as the unknown samples. Curves are established by plotting 
concentration in mg/O.s ml versus peak area. Note: Since no internal 
standard is used in the method, standard solutions must be analyzed at 
the same time that the sample analysis is done. This will minimize the 
effect of known day-to-day variations and variations during the same day 
of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/O.s ml of the eluent and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample = 
Total weight 

D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m = Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 
24.45 

M.W. X 
760 

p X 
T + 273 

298 

where: 

11. References 

P 
T 
24.45 
H.W. 
760 
298 

pressure (mm Hg) of air sampled 
= temperature (OC) of air sampled 

molar volume (liter/mole) at 25°C and 760 mID Hg 
= molecular weight (g/mole) of analyte 

standard pressure (mm Hg) 
= standard temperature (OK) 

11.1 White, L.D. et aI, "A Convenient Optimized Method for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., ll: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 
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Analyte: 

Matrix: 

Methylal 
(Dimethoxymethane) 

Methylal 

Air 

Method No.: S7l 

Range: 1684-6670 mg/cu m 

OSHA Standard: 1000 ppm (3110 mg/cu m) Precision (CVT): 0.060 

Validation Date: 2/14/75 Procedure: Adsorption on charcoal, 
desorption with hexane, 
GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the ana1yte is desorbed with hexane. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 1684-6670 mg/cu m 
at an atmospheric temperature and pressure of 22°C and 771 mm 
Hg, using a 2 liter sample. Under the conditions of sample 
size (2 liters) the probable useful range of this method is 
310-9330 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 19 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of methy1a1 and other substances in the 
air. The first section of the charcoal tube was found to hold 
23 mg of methy1a1 when a test atmosphere containing 6250 mg/cu m 
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of methylal in air was sample at 0.183 liter per minute for 
20 minutes; breakthrough was observed at this time, i.e. the 
concentration of analyte in the effluent was 5% of that in the 
influent. (The charcoal tube consists of two sections of acti­
vated charcoal separated by a section of urethane foam. See 
Section 6.2). If a particular atmosphere is suspected of con­
taining a large amount of contaminant, a smaller sampling volume 
should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. Since hexane is 
used rather than carbon disulfide to desorb the methylal from 
the charcoal, it would not be possible to measure hexane in the 
sample with this desorbing solvent. If it is suspected that 
hexane is present, a separate sample should be collected for 
hexane analysis. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 1684-6670 mg/cu m was 0.060. This 
value corresponds to a 187 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 4.6% higher than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) -

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D: and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (4-ft x 1/4-in stainless steel) packed with 50/80 mesh 
Porapak, Type Q. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: la-microliter, and other convenient sizes 
for making standards. 

6.8 Pipets: 0.5-ml delivery pipets or 1.0-ml type graduated in 
O.l-ml increments. 
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7. 

8. 

6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

Rea8ents 

7.1 Eluent: Hexane, reagent grade. 

7.2 Methylal, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 2 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8,4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
hexane is pipetted into each sample container. Desorp­
tion should be done for 30 minutes. Tests indicate 
that this is adequate if the sample is agitated occa­
sionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 190°C injector temperature 

5. 250°C manifold temperature (detector) 

6. 195°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-microliter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-microliter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafilm. 
A known amount of the analyte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 2 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, lX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the ana1yte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 m1 of hexane with the 
same syringe used in the preparation of the samples. 
These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
ana1yte collected on the charcoal. Plot the desorption 
efficiency versus weight of ana1yte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 m1 hexane, because samples are desorbed in this amount of 
hexane. The density of the ana1yte is used to convert mg into 
microliters for easy measurement with a microliter syringe. A series 
of standards, varying in concentration over the range of interest, 
is prepared and analyzed under the same GC conditions and during 
the same period as the unknown samples. Curves are established by 
plotting concentration in mg/0.5 m1 versus peak area. Note: Since 
no internal standard is used in the method, standard solutions must 
be analyzed at the same time that the sample analysis is done. This 
will minimize the effect of known day-to-day variations and variations 
during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/O.5 m1 hexane and the volume 
of sample injected is identical to the volume of the standards 
injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/eu m X 

where: 

P 

24.45 
M.W. X 

760 
P 

X 
T + 273 

298 

pressure (rom Hg) of air sampled 
T 
24.45 
M.W. 
760 
298 

= temperature (OC) of air sampled 

11. References 

molar volume (liter/mole) at 25°C and 760 rom Hg 
molecular weight (g/mo1e) of analyte 
standard pressure (rom Hg) 
standard temperature (OK) 

11.1 White, L.D. et a1, "A Convenient Optimized Hethod for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 11: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSH-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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Phenyl Ether 

Analyte: Phenyl Ether (vapor) Method No. : S72 

Matrix: Air Range: 3-13 mg/cu m 

OSHA Standard: 1 ppm (7 mg/ cu m) Precision (CVT) : 0.070 

Procedure: Adsorption on charcoal, Validation Date: 2/14/75 
desorption with carbon 
disulfide, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 3-13 mg/cu m 
at an atmospheric temperature and pressure of 24°C and 766 mm 
Hg, using a 10 liter sample. Under the conditions of sample 
size (10 liters) the probable useful range of this method is 
0.70-21 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 0.2 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of phenyl ether and other substances 
in the air. The first section of the charcoal tube was found 
to hold at least 0.6 mg of phenyl ether when a test atmosphere 

S72-l 



containing 13.1 mg/cu m of phenyl ether in air was sampled at 
0.185 liter per minute for 240 minutes; at that time the concen­
tration of analyte in the effluent was less than 5% of that in 
the influent. (The charcoal tube consists of two sections of 
activated charcoal separated by a section of urethane foam. 
See Section 6.2). If a particular atmosphere is suspected of 
containing a large amount of contaminant, a smaller sampling 
volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 3-13 mg/cu m was 0.070. This 
value corresponds to a 0.49 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 Collection efficiency of the collecting medium was found to be 
1.00 ± 0.01, so that no bias was introduced'in the sample collection 
step. There were no apparent biases in the sampling and analytical 
method for which desorption efficiency corrections were made. Thus, 
CV

T 
is a satisfactory measure of both accuracy and precision of the 

sampling and analytical method. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 

S72-2 83< 



The method can also be used for the simultaneous analysis of 

two or more substances suspected to be present in the same 

sample by simply changing gas chromatographic conditions from 

isothermal to a temparature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 

which can be taken is limited by the number of milligrams that 

the tube will hold before overloading. When the sample value 

obtained for the backup section of the charcoal tube exceeds 

25% of that found on the front section, the possibility of 

sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 

reproducibility of the pressure drop across the tubes. This 

drop will affect the flow rate and cause the volume to be 

imprecise, because the pump is usually calibrated for one tube 

only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 

determined within +5% at the recommended flow rate. 

(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 

long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 

of 20/40 mesh activated charcoal separated by a 2-mm portion 

of urethane foam. The activated charcoal is prepared from 

coconut shells and is fired at 600°C prior to packing. The 

adsorbing section contains 100 mg of charcoal, the backup sec­

tion 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 

si1y1ated glass wool is placed in front of the adsorbing sec­

tion. The pressure drop across the tube must be less than one 

inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (IO-ft x 1/8-in stainless steel) packed with 10% FFAP 

on 80/100 mesh, acid washed DMC8 Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 

measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 

Teflon-lined caps. 

6.7 Microliter syringes: 10-microliter, and other convenient sizes 

for making standards. 

6.8 Pipets: 0.S-m1 delivery pipets or 1.0-ml type graduated in 

0.1-m1 increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Phenyl Ether, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 10 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 

sample tube (break, seal, and transport), except that 

no air is sampled through this tube. This tube should 

be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 

they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 

laboratory in a glass container with a Teflon-lined 

cap. This sample should not be transported in the 

same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 

each charcoal tube is scored with a file in front of 

the first section of charcoal and broken open. The 

glass wool is removed and discarded. The charcoal in 

the first (larger) section is transferred to a l-ml 

stoppered sample container. The separating section of 

foam is removed and discarded; the second section is 

transferred to another stoppered container. These two 

sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 

carbon disulfide is pipetted into each sample container. 

(All work with carbon disulfide should be performed in 

a hood because of its high toxicity.) Desorption should 

be done for 30 minutes. Tests indicate that this is adequate 

if the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 

the gas chromatograph are: 

l. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 230°C injector temperature 

5. 265°C manifold temperature (detector) 

6. 215°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­

tion of the sample into the gas chromatograph. To eli­

minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-micro1iter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe t~ increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-micro1iter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and pre1iminnry results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafi1m. 
A known amount of hexane solution of phenyl ether 
containing 17.3 mg/m1 is injected directly into the 
activated charcoal with a microliter syringe, and the 
tube is capped with more Parafi1m. 

The amount injected is equivalent to that present 
in a 10 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, lX, and 2X 

of the standard) are prepared in this manner and allowed 

to stand for at least overnight to assure complete adsorp­

tion of the ar.a1yte onto the charcoal. These tubes 

are referred to as the samples. A parallel blank tube 

should be treated in the same manner except that no sample 

is added to it. The sample and blank tubes are desorbed 

and analyzed in exactly the same manner as the sampling 

tube described in Section 8.4. 

Two or three standards are prepared by injecting the 

same volume of compound into 0.5 m1 of carbon disulfide 

with the same syringe used in the preparation of the 

samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 

weight in mg recovered from the tube divided by the 

weight in mg added to the tube, or 

D.E. = 
Average Weight (mg) recovered 

Weight (mg) added 

The desorption efficiency is dependent on the amount of 

ana1yte collected on the charcoal. Plot the desorption 

efficiency versus weight of ana1yte found. This curve 

is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 

mg/0.5 m1 carbon disulfide, because samples are desorbed in this 

amount of carbon disulfide. The density of the ana1yte is used to 

convert mg into microliters for easy measurement with a microliter 

syringe. A series of'standards, varying in concentration over the 

range of interest, is prepared and analyzed under the same GC 

conditions and during the same time period as the unknown samples. 

Curves are established by plotting concentration in mg/0.5 m1 versus 

peak area. Note: Since no internal standard is used in the method, 

standard solutions must be analyzed at the same time that the sample 

analysis is done. This will minimize the effect of known day-to-day 

variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 

the standard curve. No volume corrections are needed, because 

the standard curve is based on mg/0.5 m1 carbon disulfide and 

the volume of sample injected is identical to the volume of 

the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 
24.45 

M.W. X 
760 

P 
X T + 273 

298 

where: 

11. References 

P 
T 
24.45 
M.W. 
760 
298 

= pressure (mm Hg) of air sampled 
temperature (OC) of air sampled 

= molar volume (liter/mole) at 25°C and 760 mm Hg 
= molecular weight (g/mole) of analyte 

standard pressure (mm Hg) 
standard temperature (OK) 

11.1 White, L.D. et aI, "A Convenient Optimized Method for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., ~: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11. 3 Final Report, NIOSH Contract HSH-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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Phenyl Ether - Biphenyl Mixture 

(vapor) 

Analyte: 

Matrix: 

OSHA Standard: 

Procedure: 

Phenyl Ether-Biphenyl Mixture 

Air 

1 ppm (7 mg/cu m) 

Adsorption on silica gel, 
desorption with benzene, 
GC 

1. Principle of the Method 

Method No.: S73 

Range: 3.86-15.7 mg/cu m 

Precision (CVT): 0.089 

Validation Date: 2/14/75 

1.1 A known volume of air is drawn through a silica gel tube to trap 

the organic vapors present. 

1.2 The silica gel in the tube is transferred to a small, stoppered 

sample container, and the analyte is desorbed with benzene. 

1.3 An aliquot of the desorbed sample is injected into a gas 

chromatograph. 

1.4 The areas of the resulting peaks are determined and compared 

with areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 3.86-15.7 mg/cu m 

at an atmospheric temperature and pressure of 23°C and 761 mm 

Hg, using a 10 liter sample. Under the conditions of sample 

size (10 liters) the probable useful range of this method is 

0.7-21 mg/cu m at a detector sensitivity that gives nearly full 

deflection on the strip chart recorder for a 0.2 mg sample. The 

method is capable of measuring much smaller amounts if the 

desorption efficiency is adequate. Desorption efficiency must 

be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 

adsorptive capacity of the silica gel tube. This capacity varies 

with the concentrations of the analyte and other substances in 

the air. The first section of the silica gel tube was found to 

hold at least 0.7 mg of analyte when a test atmosphere containing 
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15.7 mg/cu m of analyte in air was sampled at 0.185 liter per 
minute for 240 minutes. (The silica gel tube consists of two 
sections of silica gel separated by a section of urethane foam. 
See Section 6.2). If a particular atmosphere is suspected of 
containing a large amount of contaminant, a smaller sampling 
volume should be taken. 

3. Interference 

3.1 Silica gel has a high affinity for water, so organic vapors 
will not be trapped efficiently in the presence of a high rela­
tive humidity. This effect may be important even though there 
is no visual evidence of condensed water in the silica gel tube. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. Since benzene 
is used rather than carbon disulfide to desorb the analyte from 
the silica gel, it is not possible to measure benzene in the 
sample with this desorbing solvent. If it is suspected that 
benzene is present, a separate sample should be collected for 
benzene analysis. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 3.86-15.7 mg/cu m was 0.089. This 
value corresponds to a 0.62 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 Collection efficiency of the collecting medium was found to be 
1.00 + 0.01, so that no bias was introduced in the sample collection 
step.- There were no apparent biases in the sampling and analytical 
method for which desorption efficiency corrections were made. Thus, 
CV is a satisfactory measure of both accuracy and precision of the 
sa~pling and analytical method. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 

two or more substances suspected to be present in the same 

sample by simply changing gas chromatographic conditions from 

isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 

which can be taken is limited by the number of milligrams that 

the tube will hold before overloading. When the sample value 

obtained for the backup section of the silica gel tube exceeds 

25% of that found on the front section, the possibility of 

sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 

reproducibility of the pressure drop across the tubes. This 

drop will affect the flow rate and cause the volume to be 

imprecise, because the pump is usually calibrated for one tube 

only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 

determined within +5% at the recommended flow rate. 

(Reference 11.3) 

6.2 Silica gel tubes: glass tube with both ends flame sealed, 7 cm 

long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 

of 20/40 mesh silica gel separated by a 2-mm portion of urethane 

foam. The adsorbing section contains approximately 150 mg of 

silica gel, the backup section, approximately 75 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. The pressure drop 

across the tube must be less than one inch of mercury at a flow 

rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (lO-ft x l/8-in stainless steel) packed with 5% OV-17 

on 80/100 mesh, acid washed DMCS Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 

measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 

Teflon-lined caps. 

6.7 Microliter syringes: lO-microliter, and other convenient sizes 

for making standards. 

6.8 Pipets: 0.5-ml delivery pipets or 1.O-ml type graduated in 

0.1-m1 increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making standard solutions. 

7. Reagents 

7.1 Chromatographic quality benzene. 

7.2 Biphenyl, reagent grade. 

7.3 Phenyl Ether, reagent grade. 

7.4 Phenyl Ether-Biphenyl Mixture: Ten grams of phenyl ether-biphenyl mixture is prepared by dissolving 2.65 grams solid biphenyl in 7.35 grams melted phenyl ether. (Liquid eutectic) 

7.5 Prepurified hydrogen. 

7.6 Filtered compressed air. 

7.7 Purified nitrogen. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory analysis should be detergent washed and thoroughly rinsed with tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be calibrated with a representative silica gel tube in the line. This will minimize errors associated with uncertainties in the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of silica gel is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The silica gel tube should be placed in a vertical direction during sampling to minimize channeling through the silica gel. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the silica gel tube. 

8.3.5 A maximum sample size of 10 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least ±5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled should be recorded. If pressure reading is not available, record the elevation. 
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8.3.7 The silica gel tubes should be capped with the supplied 

plastic caps immediately after sampling. Under no 

circumstances should rubber caps be used. 

8.3.8 One tube should be handled in the same manner as the 

sample tube (break, seal, and transport), except that 

no air is sampled through this tube. This tube should 

be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 

they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 

laboratory in a glass container with a Teflon-lined 

cap. This sample should not be transported in the 

same container as the silica gel tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 

each silica gel tube is scored with a file in front of 

the first section of silica gel and broken open. The 

glass wool is removed and discarded. The silica gel in 

the first (larger) section is transferred to a l-ml 

stoppered sample container. The separating section of 

foam is removed and discarded; the second section is 

transferred to another stoppered container. These two 

sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 

benzene is pipetted into each sample container. (All 

work with benzene should be performed in a hood because 

of its high toxicity.) Desorption should be done for 

30 minutes. Tests indicate that this is adequate if 

the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. It is necessary to be able to measure the 

phenyl ether and biphenyl separately. Using the following 

operating conditions, biphenyl and phenyl ether are observed 

as separate chromatographic peaks. 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 200°C injector temperature 

5. 250°C manifold temperature (detector) 

6. 140°C column temperature 
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8,4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
within the syringe needle, one should employ the solvent 
flush injection technique. The 10-micro1iter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-micro1iter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The areas of the sample peaks for 
both components are measured separately by an electronic 
integrator or some other suitable form of area measure­
ment, and preliminary results are read from standard 
curves prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of silica gel to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compounds that are 
removed in the desorption process, provided the same 
batch of silica gel is used. 

8.5.2 Procedure for determining desorption efficiency. Silica 
gel equivalent to the amount in the first section of the 
sampling tube (approximately 150 mg) is measured into a 
2.5 in, 4-mm I.D. glass tube, flame sealed at one end. This 
silica gel must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
silica gel tubes. The open end is capped with Parafilm. 
A known amount of hexane solution of the phenyl ether­
biphenyl mixture (Section 7.4) containing 17.5 mg/ml 
is injected directly into the silica gel with a micro­
liter syringe, and the tube is capped with more Parafilm. 

The amount injected is equivalent to that present 
in a 10 liter air sample at the selected level. 
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Six tubes at each of three levels (using 2 microliters, 

4 microliters, and 8 microliters of hexane solution for 

the 0.5X, lX, and 2X OSHA levels) are prepared in this 

manner and a1}.owed to stand for at least overnight to 

assure complete adsorption of the ana1yte onto the silica 

gel. These tubes are referred to as the samples. A 

parallel blank tube should be treated in the same manner 

except that no sample is added to it. The sample and 

blank tubes are desorbed and analyzed in exactly the same 

manner as the sampling tube described in Section 8.4. 

Two or three standards are prepared by injecting the 

same volume of compound into 0.5 ml of benzene with the 

same syringe used in the preparation of the samples. 

These are analyzed with the samples. 

rhe weight (mg) added for each component is calculated 

from the amount of solution added and the weight percent 

of that component in the solution. For instance, addition 

of an 8-microliter aliquot of the hexane solution of 

17.5 mg/ml to 0.5 ml benzene results in a standard con­

taining 0.102 mg phenyl ether/0.5 ml benzene and 0.037 mg 

biphenyl/0.5 ml benzene. 

The desorption efficiencies (D.E.) for phenyl ether and 

biphenyl are determined separately. For each compound, 

the desorption efficiency equals the average weight in 

mg recovered from the tube divided by the weight in mg 

added to the tube, or 

D.E. 
Average Weight (mg) recovered 

Weight (mg) added 

The desorption efficiency is dependent on the amount of 

analyte collected on the silica gel. Plot the desorption 

efficiency versus weight of analyte found for the two 

components separately. These curves are used in Section 

10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 

mg/0.5 ml benzene, because samples are desorbed in this amount of 

benzene. The mixture of phenyl ether-biphenyl described in Section 7.4 

is used for the standards. The density of the mixture (1.06 g/ml at 

25°C), as given in Reference 11.4, is used to convert mg into micro­

liters for easy measurement with a microliter syringe. A series of 

standards, varying in concentration over the range of interest, are 

prepared and analyzed under the same GC conditions and during the 

same time period as the unknown samples. A curve for each component 

is established by plotting concentration in mg/O.5 ml for that compo­

nent versus peak area. Note: Since no internal standard is used in the 

method, standard solutions must be analyzed at the same time that the 
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sample analysis is done. This will minimize the effect of known day-to-day variations and variations during the same day of the FID response. 

10. Calculations 

The concentration in mg/cu m in air is determined for phenyl ether and biphenyl separately. The concentration of the mixture is the sum of these two concentrations. 

10.1 Read the weight, in mg, corresponding to the peak area for each component from the appropriate standard curve. No volume corrections are needed, because the standard curve is based on mg/0.5 ml benzene and the volume of sample injected is identical to the volume of the standards injected. 

10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 For each component, add the weights found in the front and backup sections to get the total weight of that component in the sample. 

10.4 For each component, read the desorption efficiency from the curve (See Section 8.5.2) for the amount of that component found in the front section. Divide the total weight by this desorption effi­ciency to obtain the corrected mg/sample. 

Corrected mg/sample = Total weight 
D.E. 

10.5 The concentration of each component in the air sampled can be expressed in mg/cu m. 

mg/cu m 
Corrected mg (Section 10.4) X 1000 (liter/cu m) 

Air volume sampled (liter) 

The concentration of the mixture in air is the sum of the con­centrations of the two components: 

mg/cu m ( . t ) ml.X ure = mg/cu m (phenyl ether) + mg/cu m (biphenyl) 
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10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 24.45 
M.W. X 

760 
P 

X 
T + 273 

298 

where: 

11. References 

P 
T 
24.45 
M.W. 
760 
298 

= pressure (mm Hg) of air sampled 
= temperature (OC) of air sampled 
= molar volume (liter/mole) at 25°C and 760 mm Hg 

= molecular weight (g/mole) of analyte 

= standard pressure (mm Hg) 
= standard temperature (OK) 
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Analysis of Selected Solvent Vapors in the Industrial 

Atmosphere," Amer. Ind. Hyg. Assoc. J., 31: 225 (1970). 
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No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSH-99-7l-3l, "Personal Sampler Pump 

for Charcoal Tubes," September 15, 1972. 

11.4 Hake, C.L. and Rowe, V.K., "Phenyl Ether-Biphenyl Eutectic 

Mixture (Dowtherm A)," Industrial Hygiene & Toxicology, 

Volume II, 1701, (1962). 
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Phenyl G1ycidy1 Ether 

Ana1yte: Phenyl G1ycidy1 Ether Method No.: 874 

Matrix: Air 

OSHA Standard: 10 ppm (60 mg/cu m) 

Range: 31-121 mg/cu m 

Precision (CVT): 0.057 

Validation Date: 2/14/75 Procedure: Adsorption on charcoal, 
desorption with carbon 
disulfide, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap 
the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered 
sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with 
areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 31-121 mg/cu m 
at an atmospheric temperature and pressure of 22°C and 766 mm 
Hg, using a 50 liter sample. Under the conditions of sample 
size (50 liters) the probable useful range of this method is 
6-180 mg/cu m at a detector sensitivity that gives nearly full 
deflection on the strip chart recorder for a 9 mg sample. The 
method is capable of measuring much smaller amounts if the 
desorption efficiency is adequate. Desorption efficiency must 
be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the 
adsorptive capacity of the charcoal tube. This capacity varies 
with the concentrations of phenyl glycidy1 ether and other sub­
stances in the air. The first section of the charcoal tube was 
found to hold at least 25 mg of phenyl glycidyl ether when a 
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test atmosphere containing 112 mg/cu m of phenyl glycidyl ether 
in air was sampled at 0.93 liter per minute for 240 minutes; at 
that time the concentration of analyte in the effluent was less 
than 5% of that in the influent. (The charcoal tube consists of 
two sections of activated charcoal separated by a section of 
urethane foam. See Section 6.2). If a particular atmosphere 
is suspected of containing a large amount of contaminant, a smaller 
sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the analyte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 31-121 mg/cu m was 0.057. This 
value corresponds to a 3.4 mg/cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 8.8% lower than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.2) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (lO-ft x liS-in stainless steel) packed with 10% FFAP 
on SO/lOO mesh, acid washed DMCS Chromosorb W. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: 10-micro1iter, and other convenient sizes 
for making standards. 

6.S Pipets: 0.5-ml delivery pipets or 1.0-ml type graduated in 
O.l-ml increments. 
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7. 

8. 

6.9 Volumetric flasks: 10-ml or convenient sizes for making 

standard solutions. 

Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Phenyl Glycidyl Ether, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 

analysis should be detergent washed and thoroughly rinsed with 

tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 

calibrated with a representative charcoal tube in the line. 

This will minimize errors associated with uncertainties in 

the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 

to provide an opening at least one-half the internal 

diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 

and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 

during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 

or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 50 liters is recommended. 

Sample at a flow of 1.0 liter per minute or less. 

The flow rate should be known with an accuracy of 

at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 

should be recorded. If pressure reading is not available, 

record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 

plastic caps immediately after sampling. Under no 

circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a 1-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 m1 of 
carbon disulfide is pipetted into each sample container. 
(All work with carbon disulfide should be performed in 

8.4.3 

a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Tests indicate that this is adequate 
if the sample is agitated occasionally during this period. 

GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 m1/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 230°C injector temperature 

5. 265°C manifold temperature (detector) 

6. 90°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-micro1iter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-micro1iter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafi1m. 
A known amount of the ana1yte is injected directly into 
the activated charcoal with a microliter syringe, and 
the tube is capped with more Parafi1m. 

The amount injected is equivalent to that present 
in a 50 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, lX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 ml of carbon disulfide 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption 
efficiency versus weight of analyte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 ml carbon disulfide, because samples are desorbed in this 
amount of carbon disulfide. The density of the analyte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/0.5 ml versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/0.5 ml carbon disulfide and 
the volume of sample injected is identical to the volume of 
the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get' 

the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 

for the amount found in the front section. Divide the total weight 

by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be 

expressed in mg/cu m. 

mg/cu m = Corrected mg (Section 10.4) X 1000 (liter/cu m) 

Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 

where: 

11. References 

P 
T 
24.45 
M.W. 
760 
298 

24.45 
M.W. X 

760 
p X 

T + 273 
298 

pressure (rom Hg) of air sampled 
temperature (OC) of air sampled 
molar volume (liter/mole) at 25°C and 760 rom Hg 

molecular weight (g/mo1e) of ana1yte 

standard pressure (rom Hg) 
standard temperature (OK) 

11.1 White, L.D. et a1, "A Convenient Optimized Method for the 

Analysis of Selected Solvent Vapors in the Industrial 

Atmosphere," Amer. Ind. Hyg. Assoc. J., 11:.: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 

No. CDC-99-74-45. 

S74-8 1-06< 



Propylene Oxide 

Analyte: Propylene Oxide Method No.: S75 

Matrix: Air 

OSHA Standard: 100 ppm (240 mg/cu m) 

Range: 121-482 mg/cu m 

Precision (CVT): 0.085 

Validation Date: 2/14/75 
Procedure: Adsorption on charcoal, 

desorption with carbon 
disulfide, GC 

1. Principle of the Method 

1.1 A known volume of air is drawn through a charcoal tube to trap the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas chromatograph. 

1.4 The area of the resulting peak is determined and compared with areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 121-482 mg/cu m at an atmospheric temperature and pressure of 24°C and 766 mm Hg, using a 5 liter sample. Under the conditions of sample size (5 liters) the probable useful range of this method is 25-720 mg/cu m at a detector sensitivity that gives nearly full deflection on the strip chart recorder for a 3.5 mg sample. The method is capable of measuring much smaller amounts if the desorption efficiency is adequate. Desorption efficiency must be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the adsorptive capacity of the charcoal tube. This capacity varies with the concentrations of propylene oxide and other substances in the air. The first section of the charcoal tube was found to hold 4 mg of propylene oxide when a test atmosphere containing 
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484 mg/cu m of propylene oxide in air was sampled at 0.185 liter 

per minute for 45 minutes; breakthrough was observed at this 

time, i.e. the concentration of analyte in the effluent was 

5% of that in the influent. (The charcoal tube consists of 

two sections of activated charcoal separated by a section of 

urethane foam. See Section 6.2). If a particular atmosphere is 

suspected of containing a large amount of con~aminant, a smaller 

sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 

actually occurs in the tube, organic vapors will not be trapped 

efficiently. Preliminary experiments using toluene indicate that 

high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 

in the air, such information, including their suspected iden­

tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 

retention time as the analyte at the operating conditions 

described in this method is an interference. Retention time 

data on a single column cannot be considered proof of chemical 

identity. 

3.4 If the possibility of interference exists, separation conditions 

(column packing, temperature, etc.) must be changed to circum­

vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 

sampling method in the range of 121-482 mg/cu m was 0.085. This 

value corresponds to a 20 mgt cu m standard deviation at the OSHA 

standard level. Statistical information and details of the valida­

tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 

and analytical method were 5.6% lower than the "true" values 

at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 

Interferences are minimal, and most of those which do occur 

can be eliminated by altering chromatographic conditions. The 

tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of 
two or more substances suspected to be present in the same 
sample by simply changing gas chromatographic conditions from 
isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample 
which can be taken is limited by the number of milligrams that 
the tube will hold before overloading. When the sample value 
obtained for the backup section of the charcoal tube exceeds 
25% of that found on the front section, the possibility of 
sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the 
reproducibility of the pressure drop across the tubes. This 
drop will affect the flow rate and cause the volume to be 
imprecise, because the pump is usually calibrated for one tube 
only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm 
long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated charcoal separated by a 2-mm portion 
of urethane foam. The activated charcoal is prepared from 
coconut shells and is fired at 600°C prior to packing. The 
adsorbing section contains 100 mg of charcoal, the backup sec­
tion 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 sec­
tion. The pressure drop across the tube must be less than one 
inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (4-ft x 1/4-in stainless steel) packed with 50/80 mesh 
Porapak, Type Q. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: lO-microliter, and other convenient sizes 
for making standards. 

6.8 Pipets: 0.5-ml delivery pipets or 1.0-ml type graduated in 
O.l-ml increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Propylene Oxide, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed with 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 5 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 
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8.3.8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube brea~age during shipping. 

8.3.10 A sample of the bulk material should be submitted to the laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a l-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
carbon disulfide is pipetted into each sample container. (All work with carbon disulfide should be performed in 
a hood because of its high toxicity.) Desorption should be done for 30 minutes. Tests indicate that this is adequate if the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 190°C injector temperature 

5. 255°C manifold temperature (detector) 

6. 145°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 
flush injection technique. The 10-micro1iter syringe is 
first flushed with solvent several times to wet the barrel 
and plunger. Three microliters of solvent are drawn into 
the syringe to increase the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from the solvent, and the plunger is pulled back about 
0.2 microliter to separate the solvent flush from the 
sample with a pocket of air to be used as a marker. The 
needle is then immersed in the sample, and a 5-micro1iter 
aliquot is withdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle is removed from 
the sample and prior to injection, the plunger is pulled 
back 1.2 microliters to minimize evaporation of the sample 
from the tip of the needle. Observe that the sample 
occupies 4.9-5.0 microliters in the barrel of the syringe. 
Duplicate injections of each sample and standard should 
be made. No more than a 3% difference in area is to 
be expected. 

8.4.5 Measurement of area. The area of the sample peak is 
measured by an electronic integrator or some other suitable 
form of area measurement, and preliminary results are 
read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 
of a particular compound can vary from one laboratory 
to another and also from one batch of charcoal to 
another. Thus, it is necessary to determine at least 
once the percentage of the specific compound that is 
removed in the desorption process, provided the same 
batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 
charcoal equivalent to the amount in the first section 
of the sampling tube (100 mg) is measured into a 2.5 in, 
4-mm I.D. glass tube, flame sealed at one end. This 
charcoal must be from the same batch as that used in 
obtaining the samples and can be obtained from unused 
charcoal tubes. The open end is capped with Parafi1m. 
A known amount of hexane solution of propylene oxide 
containing 300 mg/ml is injected directly into the 
activated charcoal with a microliter syringe, and the 
tube is capped with more Parafi1m. 

The amount injected is equivalent to that present 
in a 5 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, IX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­tion of the analyte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample is added to it. The sample and blank tubes are desorbed and analyzed in exactly the same manner as the sampling tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 m1 of carbon disulfide 
with the same syringe used in the preparation of the samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
analyte collected on the charcoal. Plot the desorption efficiency versus weight of analyte found. This curve is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of mg/0.5 ml carbon disulfide, because samples are desorbed in this amount of carbon disulfide. The density of the analyte is used to convert mg into microliters for easy measurement with a microliter syringe. A series of standards, varying in concentration over the range of interest, is prepared and analyzed under the same GC conditions and during the same time period as the unknown samples. Curves are established by plotting concentration in mg/0.5 ml versus peak area. Note: Since no internal standard is used in the method, standard solutions must be analyzed at the same time that the sample analysis is done. This will minimize the effect of known day-to-day variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from the standard curve. No volume corrections are needed, because the standard curve is based on mg/0.5 ml carbon disulfide and the volume of sample injected is identical to the volume of the standards injected. 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/sample = 
Total weight 

D.E. 

10.5 The concentration of the analyte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m = Corrected mg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/cu m X 24.45 
M.W. X 

760 
P 

X 
T + 273 

298 

where: 

11. References 

P 
T 
24.45 
M.W. 
760 
298 

= pressure (mm Hg) of air sampled 
= temperature (OC) of air sampled 
= molar volume (liter/mole) at 25°C and 760 mm Hg 
= molecular weight (g/mole) of analyte 
= standard pressure (mm Hg) 
= standard temperature (OK) 

11.1 White, L.D. et al, "A Convenient Optimized Method for the 
Analysis of Selected Solvent Vapors in the Industrial 
Atmosphere," Amer. Ind. Hyg. Assoc. J., 11: 225 (1970). 

11.2 Documentation of NIOSH Validation Tests, NIOSH Contract 
No. CDC-99-74-45. 

11.3 Final Report, NIOSH Contract HSM-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 
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Tetrahydrofuran 

Analyte: Tetrahydrofuran Method No.: S78 

Matrix: Air Range: 323-1240 mg/cu m 

OSHA Standard: 200 ppm (590 mg/cu m) Precision (CV
T): 0.055 

Validation Date: 2/14/75 
Procedure: Adsorption on charcoal, 

desorption with carbon 
disulfide, GC 

1. Principle of the Hethod 

1.1 A known volume of air is drawn through a charcoal tube to trap the organic vapors present. 

1.2 The charcoal in the tube is transferred to a small, stoppered sample container, and the analyte is desorbed with carbon disulfide. 

1.3 An aliquot of the desorbed sample is injected into a gas 
chromatograph. 

1.4 The area of the resulting peak is determined and compared with areas obtained from the injection of standards. 

2. Range and Sensitivity 

2.1 This method was validated over the range of 323-1240 mg/cu m at an atmospheric temperature and pressure of 22.5°C and 763 mm Hg, using a 9 liter sample. Under the conditions of sample size (9 liters) the probable useful range of this method is 60-1480 mg/cu m at a detector sensitivity that gives nearly full deflection on the strip chart recorder for a 13 mg sample. The method is capable of measuring much smaller amounts if the desorption efficiency is adequate. Desorption efficiency must be determined over the range used. 

2.2 The upper limit of the range of the method is dependent on the adsorptive capacity of the charcoal tube. This capacity varies with the concentrations of tetrahydrofuran and other substances in the air. The first section of the charcoal tube was found to hold 15 mg of tetrahydrofuran when a test atmosphere containing 
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1140 mg/cu m of tetrahydrofuran in air was sampled at 0.185 liter 
per minute for 72 minutes; breakthrough was observed at this 
time, i.e. the concentration of ana1yte in the effluent was 
5% of that in the influent. (The charcoal tube consists of 
two sections of activated charcoal separated by a section of 
urethane foam. See Section 6.2). If a particular atmosphere is 
suspected of containing a large amount of contaminant, a smaller 
sampling volume should be taken. 

3. Interference 

3.1 When the amount of water in the air is so great that condensation 
actually occurs in the tube, organic vapors will not be trapped 
efficiently. Preliminary experiments using toluene indicate that 
high humidity severely decreases the breakthrough volume. 

3.2 When two or more compounds are known or suspected to be present 
in the air, such information, including their suspected iden­
tities, should be transmitted with the sample. 

3.3 It must be emphasized that any compound which has the same 
retention time as the ana1yte at the operating conditions 
described in this method is an interference. Retention time 
data on a single column cannot be considered proof of chemical 
identity. 

3.4 If the possibility of interference exists, separation conditions 
(column packing, temperature, etc.) must be changed to circum­
vent the problem. 

4. Precision and Accuracy 

4.1 The Coefficient of Variation (CVT) for the total analytical and 
sampling method in the range of 323-1240 mg/cu m was 0.055. This 
value corresponds to a 32 mg/ cu m standard deviation at the OSHA 
standard level. Statistical information and details of the valida­
tion and experimental test procedures can be found in Reference 11.2. 

4.2 On the average the values obtained using the overall sampling 
and analytical method were 1.3% lower than the "true" values 
at the OSHA standard level. 

5. Advantages and Disadvantages of the Method 

5.1 The sampling device is small, portable, and involves no liquids. 
Interferences are minimal, and most of those which do occur 
can be eliminated by altering chromatographic conditions. The 
tubes are analyzed by means of a quick, instrumental method. 
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The method can also be used for the simultaneous analysis of two or more substances suspected to be present in the same sample by simply changing gas chromatographic conditions from isothermal to a temperature-programmed mode of operation. 

5.2 One disadvantage of the method is that the amount of sample which can be taken is limited by the number of milligrams that the tube will hold before overloading. When the sample value obtained for the backup section of the charcoal tube exceeds 25% of that found on the front section, the possibility of sample loss exists. 

5.3 Furthermore, the precision of the method is limited by the reproducibility of the pressure drop across the tubes. This drop will affect the flow rate and cause the volume to be imprecise, because the pump is usually calibrated for one tube only. 

6. Apparatus 

6.1 A calibrated personal sampling pump whose flow can be 
determined within +5% at the recommended flow rate. 
(Reference 11.3) 

6.2 Charcoal tubes: glass tube with both ends flame sealed, 7 cm long with a 6-mm O.D. and a 4-mm I.D., containing 2 sections of 20/40 mesh activated charcoal separated by a 2-mm portion of urethane foam. The activated charcoal is prepared from coconut shells and is fired at 600°C prior to packing. The adsorbing 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. The pressure drop across the tube must be less than one inch of mercury at a flow rate of 1 liter per minute. 

6.3 Gas chromatograph equipped with a flame ionization detector. 

6.4 Column (4-ft X 1/4-in stainless steel) packed with 50/80 mesh Porapak, Type Q. 

6.5 An electronic integrator or some other suitable method for 
measuring peak areas. 

6.6 One-milliliter sample containers with glass stoppers or 
Teflon-lined caps. 

6.7 Microliter syringes: IO-microliter, and other convenient sizes for making standards. 

6.8 Pipets: O.5-ml delivery pipets or 1.0-ml type graduated in O.l-ml increments. 
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6.9 Volumetric flasks: 10-ml or convenient sizes for making 
standard solutions. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Tetrahydrofuran, reagent grade. 

7.3 Purified nitrogen. 

7.4 Prepurified hydrogen. 

7.5 Filtered compressed air. 

8. Procedure 

8.1 Cleaning of Equipment. All glassware used for the laboratory 
analysis should be detergent washed and thoroughly rinsed \vith 
tap water and distilled water. 

8.2 Calibration of Personal Pumps. Each personal pump must be 
calibrated with a representative charcoal tube in the line. 
This will minimize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 Immediately before sampling, break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mm). 

8.3.2 The smaller section of charcoal is used as a back-up 
and should be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direction 
during sampling to minimize channeling through the charcoal. 

8.3.4 Air being sampled should not be passed through any hose 
or tubing before entering the charcoal tube. 

8.3.5 A maximum sample size of 9 liters is recommended. 
Sample at a flow of 0.20 liter per minute or less. 
The flow rate should be known with an accuracy of 
at least +5%. 

8.3.6 The temperature and pressure of the atmosphere being sampled 
should be recorded. If pressure reading is not available, 
record the elevation. 

8.3.7 The charcoal tubes should be capped with the supplied 
plastic caps immediately after sampling. Under no 
circumstances should rubber caps be used. 

S78-4 



8.3,8 One tube should be handled in the same manner as the 
sample tube (break, seal, and transport), except that 
no air is sampled through this tube. This tube should 
be labeled as a blank. 

8.3.9 Capped tubes should be packed tightly and padded before 
they are shipped to minimize tube breakage during shipping. 

8.3.10 A sample of the bulk material should be submitted to the 
laboratory in a glass container with a Teflon-lined 
cap. This sample should not be transported in the 
same container as the charcoal tubes. 

8.4 Analysis of Samples 

8.4.1 Preparation of Samples. In preparation for analysis, 
each charcoal tube is scored with a file in front of 
the first section of charcoal and broken open. The 
glass wool is removed and discarded. The charcoal in 
the first (larger) section is transferred to a 1-ml 
stoppered sample container. The separating section of 
foam is removed and discarded; the second section is 
transferred to another stoppered container. These two 
sections are analyzed separately. 

8.4.2 Desorption of Samples. Prior to analysis, 0.5 ml of 
carbon disulfide is pipetted into each sample container. 
(All work with carbon disulfide should be performed in 
a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Tests indicate that this is adequate 
if the sample is agitated occasionally during this period. 

8.4.3 GC Conditions. The typical operating conditions for 
the gas chromatograph are: 

1. 50 ml/min (60 psig) nitrogen carrier gas flow 

2. 65 ml/min (24 psig) hydrogen gas flow to detector 

3. 500 ml/min (50 psig) air flow to detector 

4. 190°C injector temperature 

5. 250°C manifold temperature (detector) 

6. 185°C column temperature 

8.4.4 Injection. The first step in the analysis is the injec­
tion of the sample into the gas chromatograph. To eli­
minate difficulties arising from blow back or distillation 
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within the syringe needle, one should employ the solvent 

flush injection technique. The 10-micro1iter syringe is 

first flushed with solvent several times to wet the barrel 

and plunger. Three microliters of solvent are drawn into 

the syringe to increase the accuracy and reproducibility 

of the injected sample volume. The needle is removed 

from the solvent, and the plunger is pulled back about 

0.2 microliter to separate the solvent flush from the 

sample with a pocket of air to be used as a marker. The 

needle is then immersed in the sample, and as-microliter 

aliquot is withdrawn, taking into consideration the volume 

of the needle, since the sample in the needle will be 

completely injected. After the needle is removed from 

the sample and prior to injection, the plunger is pulled 

back 1.2 microliters to minimize evaporation of the sample 

from the tip of the needle. Observe that the sample 

occupies 4.9-5.0 microliters in the barrel of the syringe. 

Duplicate injections of each sample and standard should 

be made. No more than a 3% difference in area is to 

be expected. 

8.4.5 Measurement of area. The area of the sample peak is 

measured by an electronic integrator or some other suitable 

form of area measurement, and preliminary results are 

read from a standard curve prepared as discussed below. 

8.5 Determination of Desorption Efficiency 

8.5.1 Importance of determination. The desorption efficiency 

of a particular compound can vary from one laboratory 

to another and also from one batch of charcoal to 

another. Thus, it is necessary to determine at least 

once the percentage of the specific compound that is 

removed in the desorption process, provided the same 

batch of charcoal is used. 

8.5.2 Procedure for determining desorption efficiency. Activated 

charcoal equivalent to the amount in the first section 

of the sampling tube (100 mg) is measured into a 2.5 in, 

4-mrn I.D. glass tube, f1ane sealed at one end. This 

charcoal must be from the same batch as that used in 

obtaining the samples and can be obtained from unused 

charcoal tubes. The open end is capped with Parafi1m. 

A known amount of the ana1yte is injected directly into 

the activated charcoal with a microliter syringe, and 

the tube is capped with more Parafi1m. 

The amount injected is equivalent to that present 

in a 9 liter air sample at the selected level. 
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Six tubes at each of three levels (0.5X, lX, and 2X 
of the standard) are prepared in this manner and allowed 
to stand for at least overnight to assure complete adsorp­
tion of the ana1yte onto the charcoal. These tubes 
are referred to as the samples. A parallel blank tube 
should be treated in the same manner except that no sample 
is added to it. The sample and blank tubes are desorbed 
and analyzed in exactly the same manner as the sampling 
tube described in Section 8.4. 

Two or three standards are prepared by injecting the 
same volume of compound into 0.5 m1 of carbon disulfide 
with the same syringe used in the preparation of the 
samples. These are analyzed with the samples. 

The desorption efficiency (D.E.) equals the average 
weight in mg recovered from the tube divided by the 
weight in mg added to the tube, or 

D.E. Average Weight (mg) recovered 
Weight (mg) added 

The desorption efficiency is dependent on the amount of 
ana1yte collected on the charcoal. Plot the desorption 
efficiency versus weight of ana1yte found. This curve 
is used in Section 10.4 to correct for adsorption losses. 

9. Calibration and Standards 

It is convenient to express concentration of standards in terms of 
mg/0.5 m1 carbon disulfide, because samples are des orbed in this 
amount of carbon disulfide. The density of the ana1yte is used to 
convert mg into microliters for easy measurement with a microliter 
syringe. A series of standards, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC 
conditions and during the same time period as the unknown samples. 
Curves are established by plotting concentration in mg/O.S m1 versus 
peak area. Note: Since no internal standard is used in the method, 
standard solutions must be analyzed at the same time that the sample 
analysis is done. This will minimize the effect of known day-to-day 
variations and variations during the same day of the FID response. 

10. Calculations 

10.1 Read the weight, in mg, corresponding to each peak area from 
the standard curve. No volume corrections are needed, because 
the standard curve is based on mg/O.S m1 carbon disulfide and 
the volume of sample injected is identical to the volume of 
the standards injected. 

121< 
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10.2 Corrections for the blank must be made for each sample. 

mg = mg sample - mg blank 

where: 

mg sample = mg found in front section of sample tube 

mg blank = mg found in front section of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the weights found in the front and backup sections to get 
the total weight in the sample. 

10.4 Read the desorption efficiency from the curve (see Section 8.5.2) 
for the amount found in the front section. Divide the total weight 
by this desorption efficiency to obtain the corrected mg/sample. 

Corrected mg/samp1e Total weight 
D.E. 

10.5 The concentration of the ana1yte in the air sampled can be 
expressed in mg/cu m. 

mg/cu m Corrected illg (Section 10.4) X 1000 (liter/cu m) 
Air volume sampled (liter) 

10.6 Another method of expressing concentration is ppm. 

ppm = mg/eu m X 

where: 

P 
T 
24.45 
N.W. = 
760 
298 

11. References 

24.45 
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p x T + 273 
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11.3 Final Report, NIOSH Contract HSH-99-71-3l, "Personal Sampler Pump 
for Charcoal Tubes," September 15, 1972. 

S78-8 



~------------------a __________________ __ 

s __________________ _ 

UP l/ 2-UP LI 

NTIS I I . .,3' 
casus LI .1325 

~SIOM aI- lE-
liP PLATES JICTS MUS 

. 

_0"-' __ , 

I 
f 

MAQlun: NO. _______ _ 

MITU rlNtSK, _____ ~--

MlTEa STARt.......;;;;3 __ I_b_D_b?_5 __ _ 
MlTEI NrAL. _______ _ 

ADMX. I I .0901 

aND I I 

-- AccaSlOM PLATES 
lE- u-

NlIIIII JECTS MAKES 

16 

'17 

18 

19 . 

20 

21 

221 i 
I 

23 

24 

25 .-
26 

I 

27 , 
__ ._1.._ ...... ~j 

I I .- . .. ----

I I 
I 

; 1t1-Total 
I 

s: 

129i 

f loi 
I TarALS 

. ..I ',"IllY 1501' S 
ISICM'l'URE 

-
. "'1 

I 
"~! , 

i 
OP IMaG _. • .. --' 
TEST fOlM 124 

'-71 





D"T~. _________ _ MattN": NO, _______ _ 

PERATOa~ ________ _ 

HOUIS ________ --,_ 

MITII FlNlSK _____ ~_-

MlTEl STARt ___ 3 __ /_b_D_~_S __ _ 

I-UP' I 2-UP I . I MI'l'EI to1'41.. ________ _ 

IITtS I I .193' 

CIIISUS LI . '32' 

AIIIU I J .0901 

anllI I I 

ACCESSION lE-
_II PLATES JEC'l'S 

I 

2 

1 

,. 
~ 

6 

7 

8 

CJ 

10 . -- _.'---
I 

11 

12 

I I 
I1f --'-'--
II •. . I 
1~1 

. - . ..... -~ .. 

I t 
I 

I 
Sub-Total 

I - I 

RDtAUS: 

--
U- ACCaStOM 

MUS .... U 

16 

'17 

18 

19 ' 

20 

21 

22 

23 

24 

ZS 

26 

27 
I 

.... ~j 
,29i 
Joj 

! TotALS 

, .. J ''''I~ISOI' S 
t .,Qe4l11RE 

.&.lTES 
ll£- I.E-

JECTS MAlES 

I 
I 

.-
! 

. '-""< 

i 
~! 

~ 

i 
OP /iiiG -. . ,. -.-
TIST PO .. ft4 
S-7l 








