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The purpose of this chapter is to describe the anal ytical nethods that
are avail able for detecting and/or measuring and nonitoring 1, 3-butadiene in
environmental media and in biological sanples. The intent is not to provide
an exhaustive list of analytical nethods that could be used to detect and
quantify 1, 3-butadiene. Rather, the intention is to identify well-established
nmet hods that are used as the standard nethods of analysis. Many of the
anal ytical nethods used to detect 1, 3-butadiene in environmental sanples are
t he net hods approved by federal agencies such as EPA and the Nati onal
Institute for Cccupational Safety and Health (NICSH). O her methods presented
in this chapter are those that are approved by groups such as the Association
of Oficial Analytical Chemists (AOAC) and the Anerican Public Health
Associ ation (APHA). Additionally, analytical nethods are included that refine
previously used nethods to obtain |ower detection linmts, and/or to inprove
accuracy and precision.

6.1 BI OLOG CAL MATERI ALS

No standardi zed nethod to test for the presence of 1, 3-butadiene in
bi ol ogi cal materials presently exists. Only a |imted nunber of techniques
have been enployed to determi ne this conpound in biological materials.

An early nmethod for the determnination of 1,3-butadiene in blood was
developed in 1944 (MIller 1978). It involves heating a bl ood sanple

containing iodine pentoxide to 200 °C, foll owed by determ ning the anmount of
1, 3-but adi ene present by titrating any free iodine (produced during the
reduction of iodine pentoxide) with sodiumthiosulfate. This method is not
specific to 1, 3-butadiene; thus, its usefulness in obtaining an accurate

i ndi cati on of hunman exposure to 1, 3-butadi ene is unlikely.

Techni ques for the deternination of “Clabeled 1,3-butadiene in rat or
m ce blood and tissue after experinmental exposure to enriched material have
appeared in the literature (Bond et al. 1986, 1987). 1, 3-Butadiene is renpbved
fromthe sanple matrix by vacuumdistillation or by sparging with an inert
gas. The desired material is recovered by collection in a cryogenic trap.
The anmobunt of 1, 3-butadi ene can then be ascertai ned by neasuring the activity
in the traps by scintillation counters. This technique cannot be applied to
nmeasur e 1, 3-but adi ene exposure for the general population. However, the
sanpl e preparation step may be amenable to standardi zed gas chronmat ography
(GC) techniques presently used in the determ nation of other organic
conmpounds.

A technique for the determ nation of 1,3-butadiene in nmargarine sanpl es
was reported by Starting and Gl bert (1984). The nmargarine sanple is placed
in a vial, sealed, and heated to 70°C where it is allowed to equilibrate for
1 hour. The amobunt of 1,3-butadiene in the sanple is determ ned by
wi t hdrawi ng a headspace sanple, and injecting it directly into a GC equi pped
with a mass spectroneter (MS) detection system Quantitation is obtained by
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conmpari son of the peak height to that of a standard of known concentrati on.
The sensitivity of this nethod allows quantitation dowmn to 0.001 ng/kg

(1 ppb). A simlar headspace techni que was used to test for the presence of
buta?iene inolive oil, vegetable oil, and yogurt sanmples (MNeal and Breder
1987) .

6. 2 ENVI RONMENTAL SAMPLES

St andar di zed net hods for determ ning 1, 3-butadiene in environnmenta
sanples are limted to air sanples, as no nethodol ogy has been described for
anal yzing this conpound in water or soil sanples (EPA 1982, 1986, 1988a). A
representative list of the nethods available for the deternination of
1, 3-butadiene in air sanples can be found in Table 6-1. The determ nation of
1, 3-but adi ene in personal air can be obtained using the procedure outlined in
NI OSH Met hod 1024 (NI OSH 1987), which is described bel ow.

The air sanple is obtained by passing a known volune of air (3-25 L)
t hrough a set of tandem coconut charcoal tubes, which adsorb 1, 3-butadi ene and
remove it fromthe air stream The collected 1, 3-butadiene is then renoved
fromthe adsorption tube by extraction with methyl ene chloride. Injection of
the nmethylene chloride solution into a GC equi pped with a flane ionization
detector (FID) separates 1, 3-butadiene fromany interfering conpounds that may
be present. The choi ce of chronmatography colum for this determnation is not
crucial, as long as it cleanly separates 1, 3-butadi ene from ot her conpounds.

The estinmated quantitation linit of this nmethod is 0.02 ppm wth an

applicable range of 1-480 ug per sanple (approximately 0.02-8.7 ppm for a

25 L sanple. The precision of this nethod appears to change as a function of

t he concentration being neasured, due to desorption efficiencies changing as a
function of sanple concentration. Wth increasing concentration, the
preparation of a standard becones nore difficult.

In Nl OSH Met hod 1024, quantitation of 1,3-butadiene is acconplished by
comparing the area under the sanple's response signal to that of a known
anmount of 1, 3-butadi ene. The preparation and injection of a gaseous.

1, 3-but adi ene standard is a difficult procedure; it nmust be perforned
carefully or erroneous results will occur. Sanple storage appears to
dramatically affect the results of the neasurenent. Sanples stored at -4°C
di spl ayed an average recovery of between 93% and 98% over a 21-day period,
whil e sanples stored at roomtenperature ranged from61%to 95% Literature
nmet hods for the determ nation of 1,3-butadiene in personal air sanples
overcone sone of these problens (Hendricks and Schultz 1986; Lunsford 1987,
Lunsford and Gagnon 1987).

1, 3-But adi ene, along with other volatile hydrocarbons, has been found in
anbi ent air sanples by a technique that uses cryogeni c concentrati on before GC
anal ysis. This technique is perforned by collecting a large volume of air in



TABLE 6-1. Analytical Methods

for Determining 1,3-Butadiene in Environmental Samples

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Personal air Pass air through charcoal tube GC/FID 0.02 ppm No data NIOSH 1987
CHyCl, desorption
Air Collect air in Tedlar bag, GC/FID No data No data Stump and Dropkin 1985
concentrate on Tenax cartridge,
thermal desorption
Air Pass air through charcoal tube, GC/MS No data No data Texas Air Control Board
solvent desorption 1980
Air Draw air into 12 foot sampling GC/MS No data No data Texas Air Control Board

(real time)

loop, direct injection

1990

FID = flame ionization detector
GC = gas chromatography
MS = mass spectrometry
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a specially designed bag or other sanpling container and concentrating the

vol atil e conponents by condensation at |ow tenperatures. The sanple is
separated into its conponents by GC and quantified with an internal standard.
Nunerous variations of this nmethod were found in the literature (Lonnenan

et al. 1979; Neligan 1962; Stephens and Burl eson 1967, 1969; Stunp and Dropkin
1985) .

6. 3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA as anended directs the Adninistrator of ATSDR
(in consultation with the Admi nistrator of EPA and agencies and prograns of
the Public Health Service) to assess whether adequate information on the
health effects of 1, 3-butadiene is avail able. Were adequate information is
not available, ATSDR, in conjunction with the National Toxicol ogy Program
(NTP), is required to assure the initiation of a programof research desi gned
to deternmine the health effects (and techni ques for devel opi ng nethods to
determ ne such health effects) of 1, 3-butadiene.

The follow ng categories of possible data needs have been identified by a
joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informati onal needs that, if nmet, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6.3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. No
st andar di zed net hod for the determ nation of biomarkers of exposure and effect
for 1, 3-butadiene was | ocated. A recent paper has denonstrated that
1, 3-but adi ene fornms a henogl obin adduct in mice and rats (Sun et al. 1989h).
However, the 1, 3-butadiene used in this study was tagged with a radi oactive
tracer, a technique which is only rarely utilized in the determ nation of
envi ronment al exposure in humans. In conjunction with the data needs
di scussed in Chapter 2, a nmethod to nonitor the formation of a 1, 3-butadiene
adduct with human henogl obin needs to be established. The devel opnent of an
anal ytical technique to nmeasure this biomarker of exposure can then be
achi eved. Once a uni que bi onmarker has been identified and an experi nental
technique to detect it has been established, a quantitative assessnent of
routes and | evel s of human exposure to 1, 3-butadi ene can be undert aken.

No known bi onarkers of effect specifically for 1,3-butadi ene have been
reported, but recent advances have been made (Gallagher 1989; Weston et al.
1989) in *P-post labelling and other DNA adduct assays.
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Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronnental Media. Data on the determ nation of 1,3-butadiene in
environmental media were linmted. 1,3-Butadiene in air sanples has been
detected by techniques routinely used for detecting volatile hydrocarbons
(Stunp and Dropkin 1985; Texas Air Control Board 1990). Procedures accepted
for the determ nation of volatile hydrocarbons in other environnmental nedia
(soil, water, sedinent, plants, etc.) may also be suitable for 1, 3-butadiene.
This question can be answered only by the data obtained from properly designed
experinents. The information will assist in determning the preval ence of
this compound in the environment and aid in a quantitative determ nation of
hunman exposure to 1, 3-but adi ene.

6.3.2 On-going Studies

On-goi ng studies performed by J. Pau at EPA s Atnospheric Research and
Exposure Assessment Laboratory in Research Triangle Park, NC, on new
anal ytical nmethods for the determination of 1,3-butadi ene have been identified
(EPA 1989b), although no other specific information was provided.








