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2. 

Butadiene 

Analyte: Butadiene Method No.: S91 

Matrix: Air Range: 1065-4590 mg/cum 

OSHA Standard: 1000 ppm (2200 mg/cum) Precision (CVT) : 0.058 
...... 

Procedure: Adsorption on charcoal, Validation Date: 3/14/75 
desorption with carbon 
disulfide, GC 

Princi2le of the Method 

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

1.2 The charcoal in the tube ia transferred to a amall, stoppered 
BaJDple container and the analyte ia deaorbed with carbon disul­
fide. 

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

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

Range and Senaitivity 

2.1 Thia method waa validated over the range of 106S-4590 mg/cum at 
an atmoapheric temperature and preaaure of 22•c and 768 .. Hg, 
uaing a 1-liter aaaple. Under the conditions of •-ple ··aize 
(l liter) the probable waeful range of thia method ia 200-6600 
ma/cum at a detector aenaitivity that givea nearly full de­
flection on the atrip chart recorder for a 7-ag sample. Thia 
method ia capable of aeaauring much amaller amounts if the de­
sorption efficiency ia adequate. Desorption efficiency muat be 
determined over the range uaed. 

2.2 The upper limit of the range of the method ia dependent on the 
adsorptive capacity of the charcoal tube. Thia capacity varies 
with the concentrations of analyte and other aubatancea in the 
air. The first aection of the charcoal tube waa found to hold 
7.9 mg of analyte when a teat atlioaphere containing 4370 ag/cu m 
of analyte in air waa aaapled at 0.19 litera per minute for 9.5 
llinutea; breakthrough wa obaerved at thia tiae, i.e. the concen­
tration of analyte in the effluent waa 5% of that in the influent. 
The breakthrough data were obtained under different operatina 
condi.tiona. 
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(Th• charcoal tuba con•i•~• of two aactiona of activated char­
coal aaparatad by a aactian of urethane foam. Saa Section 6.2). 
If a particular atmoapher~ i• auapecte~ of containing a large 
amount of contaminant, a amaller sa11plin1 volume should be 
taken. 

3. Interference 

4. 

3.1 When the amount of water in the air ia so 1reat that condensa­
tion actually occur• in the tube, organic vapors will not be 
trapped efficiently. Preliminary experiment• using toluene 
indicate that high humidity severely decreases the breakthrough 
volume. 

3.2 When two or more cmapounda are known or auapected to be present 
in the air, auch information, including their auapected iden­
tities, ahould be tranamitted with the aample. 

3.3 It must be mpbasized that any compound which baa the same 
retention time as the analyte at the operating condition• de­
scribed in this method is an interference. Retention time data 
on a aingle column cannot be considered as proof of chemical 
identity. 

3.4 If the poasibility of interference exists, separation conditions 
(column packina, temperature, etc.) must be changed to circum­
vent the probl~. 

Preciaion and Accuracy 

4.1 The Coefficient of Variation (CVT)for the total analytical and 
sampling method in the range of 106~-4590 was 0.058. Thia 
value corresponds to a 130 mg/cum standard deviation at the 
OSHA standard level. Statiatical information and details of the 
validation and experimental teat procedures can be found in 
Re-ference 11.2. 

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

Theae data are baaed on validation experiments using the internal 
standard method. 

s. Advanta&H and Diaadvantaa•• of the Method 

5.1 The aampling device ia ... 11, portable, and involvu no liquids. 
Intarfarencea are minimal, and moat of thoae which do occur 
can be eliminated by.altering chromatoaraphic conditions. The 
tube• are analyzed by mean• of a quick, inatr1111ental method. 
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The 11111thod can alao be us~d for the aimultaneoua analyai• of 
two or 11Dre aubataccea au.:.ipected to be preaent in the aame 
aample by aimply changing gaa chromatographic condition• from 
iaothermal to a teaperature-progra1111ed 11Dde of operation. 

S.2 One diaadvantagw of the method 1• that the amount of aaaple 
which can be taken 1• limited by the number of adlligraaa that 
the tube will hold before overloading. When the aample value 
obtained for the backup aection of the charcoal tube exceed• 
25% of that found an the front aection, the poaaibility of 
•ample lo•• eJ!:iata. 

S.3 Furthermore, the precision of the method is l!~ited by the 
reproducibility of the preaaure drop aero•• the t~bea. Thi• 
drop will affect the flow rate and cauae the volume to be 
i111>reciae, becauae the pump 1• uaually calibrated for offe tube 
only. 

6. Apearatua 

6.1 A calibrated peraonal aaapling pump who•e flow can be deter­
mined within ±5% at the reconaended flow rate. 
(laferen~• 11.3). 

6.2 Charcoal tube•: alu• tub,a with both end• flue aealed, 7 ca 
lona with a 6-11!11 O.D. and a 4-• I.D., containing 2 aectiona 

·of 20/40 ... h activated charcoal .. parated by a 2-IIB portion 
of urethane foam. 'l'he activated charcoal 1a prepared from 
coconut •hell• and 1a fired at 60o•c prior to packing. Th• 
abaorbing ••ction contain• 100 mg of charcoal, the backup ••c­
tion 50 ... A 3-111111 portion of urethane foam 1a placed between 
the outlet end of the tube anc:1 the backup' aection. A plug of 
•11ylated al••• wool 1• placed in front of the abaorbing aec­
tion. The preaaure drop acroae the tube auat be le•• than one 
inch of .. rcury at a flow rate of 1 liter per minute. 

6.3 0.. chroaatograph equipped with a flame ionization detector. 

6.4 ColU111 (20-ft x 1/8-in •t•inle•• ateel) packed with 10% FFAP 
on 80/100 11111ah Chrc:aoaorb W AW-1>!1:S. 

6.5 All electronic integrator or 8CJINI other auitable .. thod for 
•uuring peak areu. 

6.6 Tvo-ld.11111ter aaaple container• with al••• etopper• or 
Teflon-lined capa. If an automatic aample injector 1a uaed, 
the uaociated viala •Y be uaed. 

6.7 Microliter a:,rin1e•1 lo-.icroliter, and other convenient aiae• 
for 111111d.n1 atandarda. 

6.8 Pipeta: 1.0 Ill type araduated in 0.1-111 increaenta. 
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6.9 Volumetric flaaka: 10-ml or convenient sizes for making 
standard aolutiona. 

7. Reagents 

7.1 Chromatographic quality carbon disulfide. 

7.2 Butadiene, reagent grade 

7.3 Nonane or other suitable internal standard 

7.4 Purified helium 

7.5 Prepurified hydrogen. 

7.6 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 111.nil:lize errors associated with uncertainties in 
the sample volume collected. 

8.3 Collection and Shipping of Samples 

8.3.1 I1111ediately before sampling. break the ends of the tube 
to provide an opening at least one-half the internal 
diameter of the tube (2 mn). 

8.3.2 The aaaller section of charcoal is used as a h,ck-up 
and shauld be positioned nearest the sampling pump. 

8.3.3 The charcoal tube should be placed in a vertical direc­
tion 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 1 liter is·recoDDDended. Sample 
at a rate of 0.05 liter per minute or less. The flow 
rate should be known with an accuracy of at leaat ±5%. 

8.3.6 The temperature and pressure of the atmosphere being 
aaapled should be recorded. If preasure reading is not 
available. record the elevation. 
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8.3.7 The charcoal tubRa &hocld be capped with the supplied 
nlaatic caps ianediately after sampling. Under no 
circumatanceo should rubber caps be used. 

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

8.3.9 Capped charcoal tubes should be packed tightly and pad­
ded 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. 
Thia 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 2-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, 1.0 ml of 
carbon disulfide is pipetted ir, 1; J each sample container. 
(All work with carbon distilfide should be performed in 
a hood because of its high toxicity.) Desorption should 
be done for 30 minutes. Teats indicate that this is ade­
quate if the sample is agitated occasionally during this 
period. If an automatic sample injector is used, the 
sample vials should be capped as soon as the solvent is 
added to minimize ~olatilization. For the internal stan­
dard method, deaorb using 1.0 ml of carbon disulfide con­
taining a known amount of the chosen internal standard. 

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

1. 30 ml/min (60 paig) Helium carrier gas flow 
2. 35 ml/min (25 psig) Hydrogen gas flow to detector 
3. 400 ml/min (60 psig) Air flow to detector 
4. 22s•c injector temperature 
5. 2so•c manifold temperature (detector) 
6. s2•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 front blow back or distillation 
within the syring~ 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 
tii1: :;yringe to increasl! the accuracy and reproducibility 
of the injected sample volume. The needle is removed 
from tha 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 ie then i111111erseJ in the sample, and a 5-microliter 
aliquot is WLthdrawn, taking into consideration the volume 
of the needle, since the sample in the needle will be 
completely injected. After the needle ts removed from 
the sample and prior to inj~ction, 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. An automatic sample injector can be used 
if it is shown to give reproducibility at least as good 
as the solvent flush technique. 

8.4.5 Measurement of area. The area of the sample peak is meas­
ured 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. Activ­
ated charcoal equivalent to the amount in the first sec­
tion of the sampling tube (100 mg) is measured into a 
2.5 in, 4-mm l.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 ia capped with Parafilm. 
An appropriate aliquot of a solution containing a known 
amount of butadiene in carbon disulfide is injected direct­
ly into the activated charcoal with a microliter syringe, 
and the tube is capped with more Parafilm. When using an 
automatic sample injector, the sample injector vials, 
capped with Teflon-faced septa, may be used in place of 
the glass tubes. 
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Six tubes at each of three concentration le·Hls (O.SX,lX and 
2X of the standard) are prepared by adding an amount of ana­
lyte equivalent to that present in a !-liter sample at the 
selected level. The tubes are 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 :.nto 1.0 ml of carbon disulfide with the 
same syringe used in the preparatiou of the sampl~s. These 
are analyzed with the samples. 

If the internal standard method is used, prepare calibration 
standards by using 1.0 ml of carbon disulfide containing a 
known amount of the internal standard. 

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 Wei.ght (cg) recovered 
Weight (mg) added 

The desorption efficiency is dependent ,,., the 1:l!llount of 
analyte collected on the ch,...'.'c~al. Plot ... ~e ·,?'?s.:irption 
efficiency versus weight of ~nalyte f :.,:. ·· .. . This curve 
is used in Section 10.4 to corr~ct for adsorption losses. 

9. Calibration and Standards 

Pentane may be used in place of butadiene gas for the GC calibration. 

It i1J convenient to express concentration of standards in terms of 
mg per 1.0 ml carbon disulfide, because samples are desorbed in this 
amount of carbon disulfia~. The density of pentane is used to 
convert mg into llicroliters for easy measurement with a microliter 
syringe. A series of standa~~s, varying in concentration over the 
range of interest, is prepared and analyzed under the same GC condi­
tions and during the same time period as the unknown sample. Curves 
are established by plotting concentration in mg per 1.0 ml versus 
peak area. 

For the internal standard method, use carbon disulfide containing a 
predetermined amount of the internal standard. The internal standard 
concentration used was approximately 70% of the concentration at 2X 
the standard. The analyte concentration in mg per ml is plotted 
versus the area ratio of the analyte to that of the internal standard. 
Note: Whether the external standard or intern.,! standard method is 
used, standard solutions should be analyzed at the same time the 
sample analysis is done. This will minimize the effect of variations 
in FID response. 
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10. Calculations 

10.1 Read the weight, in mg, correcponding to each peak area from 
the standard curve. No volume correcti~ns are needed, because 
the stand~rd curve is based on mg per 1.0 ml ~arbon disulfide 
and the volume of samvle injected is identical to the volW"e 
of the standards injected. 

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

mg• mg sam;,le - mg blank 

where: 

mg sample• mg found in front section of sample ~ube 
mg blank• mg found in front ser.tion of blank tube 

A similar procedure is followed for the backup sections. 

10.3 Add the amounts present in the front and backup sections of 
the same sample tube to determine 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 corr,cted mg/sample. 

Corrected mg/sample. Total weight 
D.E. 

10.5 The concentration of the analyte in the air sampled can be ex­
pressed in mg per cum. 

mg/cum • Corrected 1118 (Section 10.4) x 1000 (liters/cum) 
Air Volume Sampled (liters) 

10.6 Another method of expressing concentrat:Lon is ppm (corrected 
to standard i:onditions of 2s•c and 760 aa Hg). 

where: 

Ppm ...... / 24.45 .. 760 x(T + 273)_ 
-. cum x MW ~ P 298 

p • 
T • 
24.45 • 
Kol -
760 • 
298 • 

pressure (111 Kg) of air sampled 
t•per&::ui..'!! c•c) of air sampled 
molar volume (liter/mole) at 2s•c and 760 ma Hg 
molecular weight 
standard pressure (111 Hg) 
standard t•perature (•K) 
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