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TO : The Commission :
THROUGH. : Sadye Dunn, Office of the Secr ry.

THROUGH : James V, Lacy, General Counsel cf;f
THROUGH : } Leonard DeFiore, Executive Di or ﬁk}i’
THROUGH %Robert D. Verhalen, Dr. PH., A , OPMB _
THROUGH James Hoebel, Program Manager :
Household Str a} Products Program, OPMB
?’—&&l “/
FROM : Rona]d L. Medford, Projectflanader

Househo1d Structural Products Program, OPMB
SUBJECT : Information on LP-Gas (Propane) Odorant

Attached for your information are recent reports relating to LP-gas
odorant. These are: a) a CPSC contract report entitled, "Charac-
terization of LP-Gas Odorant Fade" prepared by Arthur D. Little, Inc,

b) a report entitled, "Cdorant Depletion in Portable Cylinders," and
¢) a paper published in Fire Technology {August 1987) titled, "Aging
Impairs the Ability to Detect Gas Odor.”

LP-gas, like natural gas, is odorless, and therefore must be
odorized with a strong smelling compound so that users will be able to
detect gas -leaks. The predominant safety odorant currently used in
LP-gas is ethyl mercaptan which has been used for many years. Questions
have been raised concerning the adequacy of ethyl mercaptan as an
odorant principally because of claims that it can chemically react with
rust that sometimes forms on the inside of storage tanks. This chemical
reaction (oxidation) may reduce the concentration of the odorant in the
tank and has therefore been termed odorant "fade." Depending on the
degree of fading, the odorant may not be detected during a gas leak.

In 1985, the Commission contracted with Frontier Tecﬁnical'Associ-
ates to review the overall safety of residential LP-gas systems, including

~the properties of the gas and the safety odorant. Included in the final
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report was information about the potential for ethyl mercaptan to “fade"
in the storage tank and the passibility that masonry (concrete) surfaces,
such as basement floors and walls, may absorb or adsorb the odorant,
thereby decreasing its concentration in the air at the time of a gas
leak.

In 1986, the Commission contracted with Arthur D, Little, Inc. to
conduct tests to evaluate the effects of rust and masonry surfaces on
odorant fade. The work by the contractor documents that in short-term
tests (5 to 7 days), odorant reduction in storage tanks does occur
(Tab A}. The study also fcund that odorant concentration is reduced in
the presence of masonry surfaces. This information raises concerns
about the adequacy of ethyl mercaptan as a safety cdorant for LP-gas.
However, because the tests conducted were short-term, and because the
contractor suggests that fading may diminish with repeated fillings, it
is important te nuantifv the long-term effects.
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For this reason, the Commissicn contracted with Mining Safety
Appliances Research Corporation in September 1987 to conduct long-term
tests on odorant fade in LP-gas steel cylinders. In the meantime, we
will be sharing the information provided by Arthur D. Little, Inc. with
LP-gas industry representatives as well as with the National Fire
Protection Association (NFPA), and the Department of Transportation
(DOT). Currently, the National LP-Gas Association is conducting work of
its own on odorants, including the evaluation of some possible replace-
ments for ethyl mercaptan.

“At Tab B is a report on a Canadian study that found similar infor-
mation regarding odorant fade in small cylinders (1 1b. to 100 1bs.) as
that reported by Arthur D. Little, Inc. However, the Canadian study
also found a correlation between the steel cylinder manufacturing
process {type of heat treatment) and odorant fade. The study indicated
that odorjized LP-gas stored in aluminum cylinders was less susceptibie .
to odorant fade than gas stored in steel cylinders. Currently, the
majority of LP-gas cylinders in the U.S. are reportedly made of steel.

R
An article titted,” "Aging Impairs the Ab{1ity to Detect Gas Odor"
was published in the August 1987 issue of Fire Technology (Tab C). The
article provides results of two studies that compare the effects of
weakened smelling ability associated with aging with the ability to
detect ethyl mercaptan. The first study found that the older group
(70-85 years) had a detection threshold (the level at which the odorant
could be smelled) for ethyl mercaptan which on average was ten times
nigher than that of the ycunger group {18-25 years). Three of the 21
people in the older group failed to detect the odorant at a concentration
where accompanying LP-gas would explode. In the second study, 50 of 110
persons gver 60 years of age failed to reliably detect ethyl mercaptan
in the LP-gas which was odorized at the level currently required by NFPA
and DOT. The study concludes that the elderly would seem to be at a
high risk of experiencing an LP-gas fire. Currently available data are
not detailed encugh to determine if the elderly experience more injuries
than the population as a whole from the use of appliances fueled by
LP-gas. - :

The staff will continue to keep the Commission informed of its work
in the LP-gas area, which is a part of the ongoing work in the Gas
Heating Systems project.

Attachments






UNITED STATES GOVERNMENT U.S. CONSUMER PRODUCT
SAFETY COMMISSION
MEMORANDUM WASHIRGTON,D.C. 20207

Sgp 2 9 1987

TO : Ron Medford, OPMB 3
Through: William W. Walton, AED, ES 172

Through: William H. King Jr., Director, ESES 9uC
FROM' : Donald W. Switzer, ESES 7y '

1™ .
SUBJECT: FY 86 LP-gas Report, "cﬁracterization of LP-Gas Odorant
Fade" CPSC contract CPSC-C-86-1281

Attached is the final report "Characterization of LP-Gas
Qdorant Fade” prepared under contract CPSC-C-86-128l. ES finds the
report acceptable., ES is in the process of preparing a summary
report to be delivered during November, 1.987.

If you have any questions, or comments please contact me on
492-6508. :

Attachment
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SUMMARY

Two potential routes of ethyl mercaptan (EM) fading in LPG wers investigated by
Arthur D. Little, Inc., for the CPSC:

1. Oxidation of EM by iron oxides in storage and
2. Reaction of EM with masonry surfaces.

The extent of oxidation of EM was detarmined by simulating conditions found in a
typical LPG storage container. Using a Parr® mini-reactor with a formulation of
3.3 mg ethyl mercaptan in 100 grams of liquified propane (LP), conditions were
simulated to produce the oxidation phenpmenon. Initial tests showed that
oxidation may occur even in the presencs of clean stainless steel surfaces.
Rasults show concentrations of the ethyl mercaptan in the LP well below what
might be expectad from the original odorization level (1.5 lbs./10,000 gals.)
and well below the NFPA "recommended” levels. The rate of oxidation in the
prasence of iron oxidss appears to slow with repeatad fillings of the odorized
LP i{nto the container. Based upon results compiled in the liquid phase
sxperiments, oxidatiocn may take placs in a matter of hours as in the case of a
first time fill of a eylinder or a few days after repeated fills. Repeated
£1llings of the cylinder may thersfore rsduce the potantial hazard from™ fading
due to oxidation within the cylindar.

The introduction of odorized gas into an envirooment containing untreated
masonry was shown to be another possible route for the selective loss of odorant
compared to LPG, under staady-state exposura conditionms.

In summary, & general trend is discarnible as to ths fats of the ethyl mercaptan
odorant in LPGC undar the conditiocns studied. It is apparent that the ethyl
mercaptan in an LPG mixture in steel cylindars is subject to oxidatiom. The
surfaces of a cylinder in continuous use may become deactivated with respect to
reduction of the athyl mercaptan level (through oxidation mechanisms) or may at
least have a lower rate of oxidation. In order to be fully characterized, this
phencmenon would gequire experimental exposures longer than those examined in
this study, e.g., weeks. In this study, tha oxidation of EM was found to taks
place in both the liquid and vapor phases, but more rapidly and completely in
the vapor phase. Disthyl disulfide was found to be the primary oxidacion
product of the ethyl mercaptan.

It has also been demonstratad that ethyl mercaptan is depleted much more quickly
than the propane of an odorized LPG mixture in a steady state enviromment with
masonry. In the presence of a concrete block, the ethyl mercaptan was shown to
be undetectable within six hours.

Several recommandations bacame apparsnt as a result of this study:
(1) The appropriate odorization level of ethyl mercaptan in LPG vapor and
practices to achievs it require better definition in order to assure

uniform, safe practices. Acceptable levels of odorizatioen in the pure
vapor phasa and at subsequent dilutions in air should be decermined. The

Amurnume,lnc.
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(3)

A\ Arthur D, Little, Inc.

NFPA recommendation of 1.0 1b./10,000 gals. cannot readily be correlated
with a deliversd vapor phase concentration except by using liquid/vapor
squilibrium data. A study correlating the odorizaction level with final
dalivery concentrations using both chemical and human sensory analysis may
be appropriats. In addition, a study of the odorization level vs. delivery
concentration incorporating some of the phenomena noted in this work would
assist in devaloping a more thorough understanding of the potential hazards
involved.

While & trend of odorant oxidatiom in storage of LPG in stasel cylindars
appeared to occur during our short term study (5 - 7 days/test), a longer
ternm study should be initiated. The oxidation taking place in the environ-
ment of the steel cylindsr should be studied over weeks or months to gain a
fuller understanding of the phenomenon. In addition, a mors comprehensive
rangs of exposure conditions (surfaces, temperatures, etc.) should be

‘evaluated. It might alsc be of interest to determine whether or not there

axe practicas or techniques available to mitigate the oxidation produced by
the storage container, e.g., whather or not a polymer coating might be
sffective. Similarly, polymer coatings (paints) or masonry might be
important inhibitors of odorant loss. In this lactar case, it should alse
be recognized that in actual practice, a dynamic situation exists, and
ralative rates of loss and replanishment become important.

During the course of this pregram, the potential for odorant less at cold
tempasratures (near fresezing) in thes vapor phasa concentration of the LPG
wag suggested, A study to determins whether or not this effect is real and
might occur under normal (or even unusual, but plausible) condicicons would
be appropriatas.

vi
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I. INTRODUCTION

On behalf of the Consumer Product Safsty Commission (CPSC), Arthur D. Little,
Inc. (ADL), investigated the occurrence and possible mechanisms for the fading
of odorant, specifically ethyl mercaptan (EM) in Liquified Petroleum Gas (LFPG).
A previous report” citsd two possible areas for investigation:

1. Odorant fading due to oxidation of EM upon contact with the iron oxide in
eylindear storage, and

2. Odorant fading dus to absorption into, adsorption-onto, or other loss due
to masonry surfaces. '

The approach taken to this program was to separately examine the two mechanisms
for potantial cdorant fading. A major focus of the technical effort was om the
examination of the occurrence of fading dus to rsaction of ethyl mercaptan (EM)
with the oxides found in typical 100 1b. storage containers. The sacond focus
of the effort was to investigate the possible occurrsnce of fading due to the
potantial for achyl mercaptan to intsract with masonry moras readily than the
LP-gas, resulting in a lowsr odorant to gas ratio.

The objectives of the experiments performed in this program were to obtain the
following information: :

(1) Vith respect to the fading of ethyl marcaptan dus to rsaction with contain-
er matarial oxidation products,

a. Attampt to confirm or rafuts the possible occurrsnce of odorant reaction
(oxidation) by charactarization and duplication of comtainer corrosiom in
navwly mamufactured as well as used 100 1b. capacity LPG containers,
followad by a study of the reaction. :

b. Measurs the concentration of odorant and reaction products (to include

primarily ethyl mercaptan and diacthyl disulfids) as a funetion of time and
the number of fillings with LPG, and analyze the results to answer the

following questions:

(L) Does EM, while mixad with LPG in the liquid phase, react
with the corresion typically found in residencial LPG
containars?

(11) Does EM, while mixed with LPG in the vapor phase, react
with tha corrosion typically found in residencial LPG
containers?

lnullerdiek, V.A., "Engineering Hazard Analysis of Residentcial LP-Gas Fuel
Usage," Report No. T-162-1, Frontier Technical Associates, Buffalo, NY
(1986) .

A\ Arthur D, Little, Inc.
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(1ii) Vhat are the reaction products formed?
{iv) Aras the reactions resvarsible?

(v) Onca reacted, ars the oxides unavailable (inhibited) fer
furchar reaction with EM?

(vi) Could the equilibrium vapor phase concentration of EM fall below

concantrations pradicted by Hankison and Wilson from the NFPA

specified lavels (1.0 1bs./10,000 gals.), i.e., 1l ng/mL, given
the liquid phase concentration of 1.5 1bs. EM/10,000 gals. LPG,

a) if a2 rusted new container is used for storage?

b) if a rusted praviously used container is used for
storage?

(vii)  VWhat gre the effacts on EM vapor phase concentration with
repeated f£illings?

(2) With respect to fading of EM due to selective interactions with masonry,

a. Confirm or refure the occurrence of odorant fading by "preferential® loss

of EM vs. LPG in masonxy.

b. Maasure odorant concentracion ve. LPG compaonent concentration under con-

trolled conditions as a function of time to answer the following quescions:

(L Is EM, in the vapor phase, salsctively removed by masonry materi-

als commonly found in the residential enviromment at a faster
rate than the LPG?

(i) Could the equilibrium vapor phasa concentration of EM fall below
‘the predictad value of 1l ng/mL as determined by the NFPA speci-

fied level (1.0 1b./10,000 gals LPG), given the liquid phase
concantration of 1.5 1bs. EM/10,000 gals. LPG, if the EM/LPG
vapor is relesased into a residential LPG installation with
typical masonry surface/living space volume ratio?

(11L) What is tha concentration profile of EM ag a function of time?
I1. EXPERIMENTAL APPROACH |
The two major arsas investigated in this work are described separatsly below.
A.  Qdoranc Fading in LPG Cvlinders |
1. Oxide Recoverv/Characterization

The extent of oxidation of the ethyl mercaptan odorant was determined by simu-
lating conditions found in a typical LPG storage cylinder. To decermine what

constituted a typical cylinder, ten empty 100 lb. capacity LPG cylinders were

obtained from a local major LPG supplier. As requested by the CPSC, five new

/A Arthur D, Little, Inc.
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and five used cylinders were purchased for characterization. The five unused
(new) cylinders ware purchased from available stock and of the earliest manufac-
ture date possible. The used cylinders were chosen to represent the range of
available manufacturers and ages avallable at the site. The oxidation in each
¢ylinder was then characterized according to mass and type. Once characterized,
the typical oxide was duplicated for use in a 300 ml Parz® Pressure Reaction
Vessal (PRV) as a simulator for the 100 1b., cylindar,

The used cylinders wers chosen by members of the project team. In late October,
1986, five cylinders wers tagged for the study from the supplisr’s inventory of
saveral hundred. The ADL project team at that same time purchased a new 20 1b,
cylinder (flushed and filled with LPG at tha time of purchase) to be usad in the
LPC experiments. Any residual LPG in the 100 lb. cylinders was vented by the
supplier, the valves wers removed and replaced by caps to preclude exposure of
the cylinder to air.

The LPG supplisr also located and obtained five unused cylinders from a regional
distributor, Tarryton Tank and Equipment Co., (Freeholt, NJ). All five cylin-
ders wers manufactured by Manchester in March, 1986, with serial numbers ranging
from RO13808 ©o RO13958 (Table 1). The e¢ylinders were recaived by the supplier
in late November, 1986. :

All cylindars wars rsceived at ADL in esarly Decamber, 1986, and were found to be
intact upon inspection. They wers than placed in a secure remote building for
complets inspection and characterization. The new cylinders wera noted as
having light vertically striatad oxidation on the interior surface. Upon
removal of the protsctive caps from the used cylinders, a pressurs buildup from
within the cylindsr was notsd as being releasad with a strong sulfide/mercaptan
odor. The pressurs bulldup was probably created by vaporization of residual
organics laft in the cylindars from their numerous fillings over the years.
This was noted as being a typical occurrsnce by the LPG suppliers. The
oxidaction in the used cylindars variad from light (<10g) to heavy (>400g).
Additionally, the quantities of residual organics, an oily material, found in
the cylindar rangad from 104 to 0 milliliters (mlL) in an apparent inverse
relationship to the mass of oxide.. The oily residuss racoverad from each
eylinder wers retained for possible later uss.

In ordsr to facilitate the collection of the iron oxides, the cylinders were cut
in half. Befors the cutting operation was started, however, the cylinders were
complately cleanad of combustible materials, {i.e., residual propane and other
hydrocarbons. To accomplish the cleaning, the residual free liquid was firstc
collected. The cylinders wers then rinsed with methylene chlorides (a reasonably
fire rstardant organic solvent) saveral timas, the rinses recovered and the
¢ylindsr then purged with nitrogen throughout the cutting procesdurs.

Once opened, the oxides were collectsd and X-ray diffraction patterns determined
for each sampla. The surface oxide was removed using a combination of a steel
brush, steel wool, and polymer abrasive pads. Any contamination of the oxides
by the removal process, i.e., the stesel wool and wire and polymer fibars, was
removed by a combination of magnatic separation and sieving the macerial. Each
sample waz mulled with a nitrocellulose acetate scluticn to present a homogs-
neous mixturs and reduce orientation effects of the material. Table 2 shows the
mass of oxides collected from sach cylinder as well as the types and approximate

" A\ Arthur D. Little, Inc.
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TABLE 1

Vol
Frae

(mL)
N/A
N/A
N/A
N/A
N/A
104

10

20

Mass

Oxide

(8)
3.5
.25
.25
.36

.30

57
16
35

4lé
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TABLE 2

4 ¢ I & 2 10
3-86 3-85 3-86 23-86 3-856 10-50 5-36 9-50 9-64 8-39

Oxide Recovery/Characterization

Ixon Type Formula 1 2 3 4 3
Elemental Fe - - - a] o o
Iron

Wustite FeO - o a - Q J
Hematits a-Fe,0, J - u} J J o
Maghemite y-Fe0, o0 J o @ / o
Goethite a-FeO(OH) - - . - - -
Lepidocrocite  vy-FeO{OH) - - - - - -
Magnetits choa - - - a (] -
Total Mass (g) - 3.5 .25 .25 .34 .30 7
% Represenced 1060 100 SO0 100 100 SO

as a & v Fe,04

= Indicatas matarial not prassent (0%).
erystallinicy.

formed crysctallinicy.
= Indicates material clearly presenc (40 - 100%).

. ©O QO
]

A\ Arthur D. Little, Inc.

- J
J 0
o -
- m
57 16
100 25

“ o~ D

35

100

Indicatas material present in modarate quantities (25-50%) or of poorly

414

= Indicatas material present in small quantities (0-25) or of poorly formed
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fraction of oxides indicated by X-ray diffraction. Review of the X-ray
diffraction data indicated two types of iron (III) oxide to be predominanc;
a-Fe, 0., (Hematite) and 1-Fezo (Maghemite). Based upon this finding, an esti-
mate of the matarial racoverea, which could be attribucted to the two oxides of
intarest, was indicated as a percentage of the total mass. (The total mass
atrributed to Fe.0. in nine of the ten cylindars, (cylinder #10 was deemed an

outlinar) was ap raxinataly 104g or approximately (ca.) 11.6g/100 1b. cylinder.)

1t was detarmined that the material racoverad from cylinder #9 best reprassnted
the typical oxids, and was therefore chosen to be used in the simulation experi-
ments. To prepare the material for use in the experiments, a portion was .
thoroughly rinsed with combinations of methanol and methylene chloride to remove -
any residual oils. An X-ray diffraction pattern produced aftar cleaning showed
ne change axcept for increasing the dafinition in the original pattern. To
maintain the proper ratio of iron oxide to LPG for use with 100 g of LP for the

~experiments, 25.5 mg of tank number 9 oxide was required.

2. Experimental Procedure and Results

As indicatad earlier, a set of experiments ware designed which attempted to
simulate a 100 1b. cylinder. Using a Parr® Pressure Reaction Vessel (PRV), a
series of laboratory scale experiments were conductsd (100 g instead of 100
1bs., the 300 mlL PRV used having a total capacity of approximately 150 g LFG).
Tha expeariments were designed using the following daca:

. 1PG is essentially propans with less than 12% other hydrocarbons (average
density = .54 g/mL). '

. LPG is odorized by industry practice at 1.2 - 1.5 lbs. EM/10,000 gals. LPG
{(EM density = .84 g/ml).

L} The NFPA recommandad odorization level is at least 1.0 lbs. E¥/10,000 gals.
LPG.

* The expansion ratio of LPG (vapor):LPG (liquid) is approximately 270:1
(based on ideal gas volume of 22.4 liters/g mole).

For the purposes of this report, a clear distinetion must be made in the data for

samples taken from the vapor phase (cylinder headspace) versus those taken from
the liquid phase (Figure 1). Samples taken from the vapor phase ars showm with
concentrations in terms of nanograms of ethyl mercaptan psr milliliter of
propane vapor (ng EM/mL C,, vapor), and represents tha ethyl mercaptan
concentration in the vapei phase which is in equilibrium with the ethyl
mercaptan in the liquid phase. Samples originating from the liquid phase
similarly are analyzed as vapors but dirsctly indicate the EM concentration
present in the liquid phase. In sampling, as liquefied propane and ethyl
mercaptan are sxpelled from the PRV into a gas bag, the mixture vaporizes at the
ratio of approximately 270 plL vapor/mL liquid. The vapor from the liquid phase
is then analyzed to detsrmine its ethyl mercaptan concentration (ng/mL, gas).
The concentration of this vapor, therefore, is essentially a 1/270 dilucion of
the liquid and factored as such to detsrmine the liquid phase concentration
(ug/mL, ligquid) indicated. :The relationships between the various odorization
levels and propane phases are shown in Table 3.

-~ /A Arthur D. Littte, Inc.
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FIGURE 1

A\ Arthur D. Little, Inc.
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reprasents the liquid phase concentration
of ethyl mercaptan in ugy/ml (liq) propane
which is in equilibrium with the vapor
phase {may also be given as bs EM/
10,000 gals.LPG).

reprasents the ethyl mercaptan concentration
inn the propane vaporized directly from the
liquid phase {ng/mL. (vap)): related to the
liquid phase concentration [A] by the
axpansion ratio of approximataly 270 mL

gas/ mi liquid.

represants the ethyl mercaptan concentration
in the head space of the LPG storage cylinder
which is in equilibrium with the ethyi mercaptan
in the liquid phase; reiated to the liquid phasa
concentration [A] by valuas predicted by
Hankinson and Wiison. -

ETHYL MERCAPTAN CONCENTRATION DETERMINATIONS
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Echyl Mercaptan Comcentration Detemination

—EM ODORIZATION LEVEL . ZRERICTED LIQUID-VAPOR FPHASE EQUILIRRIUM CONC,

1b./10,000
—Eals. ug/ul,

1.0 12

1.5 18

A\ Arthur D. Little, Inc.
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Vapor
Phase
ng/nk

66

TABLE 3

ug/ol,_(Liquid)
(A}

9.0

13.5

ng/Ri(Vap)
[B)

33

S0

Vapor Phase
{c]

11

16
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_For the 100 gram vessel, it was determined that 3.33 mg of ethyl mercaptan (ca.

4.0 pl) would yield the appropriate ratio for the 1.5 1lbs/10,000 gal. industry
practice. Based on the indicated expansion ratio, an aliquot of the liquid
phase brought to ambient temperature and pressure would yield approximately

66 ng EM/ml gas as indicated in Table 3. Based upon work by Henkinson and
Wilsonn on the vapor-liquid equilibrium for EM in propane” which indicates an
aquilibrium ratio of .27 at O0°F and .37 at 100°F, a ratio of ca. .33 at 20°C is
expected. The NFPA guidelines would result in & liquid phase concentration of
33 ng EM/ml gas (9 ug/ml liquid) and a vapor phase concentration of 11 ng/mlL.
For the industry practice of 1.5 1bs/10,000 gals., this yields a liquid phase
concentration of approximstaly 50 ng EM/mL gas (13.5 ug/mL liquid) vs. a vapor
phase concentration of 16 ng/mL. '

a. Baseline Testyg

Bafors determining whether or not oxidation of ethyl mercaptan occurred in
contact with the iron oxides, basaline experiments without oxidas were conducted
for the liquid and vapor phases. To closely aimic cthe conditions found in the
100 1b. LPG storage cylinder, the stainless stael prassurs reaction vessel was
the best standard use equipment available. Althouygh it was the original incenc
on this program to monitor commercially odorizad LPG using laboratory scale
apparatus, the mixture previously purchased already showed significant levels of
other sulfur-containing compounds. A chromatogram showing the major sulfur
compounds found in the commercially odorized LPG, after several months of
storage, 1s presented in Appendix A (Figurs A). Additionally, the snalytical
methods used in this program to measure concentrations of EM and other sulfur
compounids ars also datailad in Appendix A. Mass spectral data confirmed the
presence of diethyl disulfids, the primary oxidation product of EM, as well as
dimathyl disulfide and mechyl ethyl disulfide, in addition to the athyl
mercaptan. The pressnce of the lattar two disulfides clearly indicated the
presences of methyl mercaptan in the starcing mixturs. To more easily monitor
the concentration of ethyl mercaptan and its oxidation product(s) in LPG without
interference from the methyl mercaptan, an analytical grade mixture of liquefied
propane with ethyl mercaptan was formulated (4.0 ul EM/100 g propans) by Arthur
D, Littls, Inc. The commercial grade LPG was used only periodically as a
referance,

The preparation of the propans/EM mixturs praved to be a non-trivial task. as
both components vaporizs at ambient conditions (propane - B.P., -42°C; ethyl
mercaptan -~ B.F., 35°C), the ethyl mercaptan could not simply be added to the
propane dus to the elevatsd pressure in the FRV. Conversely, the ethyl
mercaptian would be swept from the vessel on filling with propans. We therefore
encapsulated the ethyl mercaptan (pre-measured for the 100 g mixture) in a 2-in
glass capillary tube which was then wedged in the PRV mechanical stirrer. Afcsr
taring and £illing the PRV with liquefied propane to 100 grams, the capillary
tube was brokan, and the ethyl mercaptan mechanically mixed. The PRV was then

,'Hnnkinson, R.W. and G.M. Wilsen, "Vapor-Liquid Equilibrium Data for Ethyl
Mercaptan in Propane Vapors,” Proceedings of Fifty-third Amnnual Convention
of the Gas Processors Associacion, 98-100 (1974).

/A Arthur D. Little, Inc.
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warmed TO 20‘6; A mors datailed description of the PRV and the sampling
procsdure is presam:ad in Appendix B.

The initial tests to dacermine rhe veactivity of the sthyl mercaptan in the
sTOTAE® concainar showed that oxidacion occurs even in the presance of clean
stainless steel surfaces. The firsc trial N using the ADL formulaced liquid
propanse, without oxides in the vessel, showed the athyl mercapta concentration
to be 4.2 pg/ml, well below the expected 13.5 pg/ul, 48 indicated in Tabla 4.
The data prasam:nd in Figure 2 shovs the ethyl mercaptan concentration varsus
rime as well a3 the diethyl disulfide concentration. The gemeral crend in this
set appesrs Lo show a slow decrsase in the sthyl mercaptan concentzation with a
concurrent increase of the dietbyl disulfids concentration. (This was shown
much more aramacically in the bsssline vapor phase axperiment described below
when onlY vapor phase LFG was present.) addicionally, in the liquid thasa
experiment thare was a dramatic increase {n the echyl marcaptan concentration as
che last of the 1iquid phass was expended. In ciges whers only vapor phase LPG
is pemoved, as {n normal cylinder use. this type of jnerease in concentzation
would be sxpected as indicated using 3 computer simulated deplation of LEG
indicated , in Table 3. Figure 3 depicts the expectad EM concencration rise as &

":""J‘Jﬁ"?‘é'ﬁ?ﬁr of use of the 1PG vspor. o the case of removal of only liquid phase

1PG, ideally 2 homo geneous pixture, Tthers ghould be o change in concentration.
Theze is 1o clear explanation for this apparent 2.4 concentration tncrease in the
1iquid phase, gincs every attampt was nade tO properly mix che vessal contents
before any samples wars taken for analysis. However, {ncomplete mixing caused
by ethyl mercaptan being trapped in the capillary tube cannet be ruled out. The
obgervation of am increass in E concentration near the end of the tesT
corresponds ©o obsarvations io the field, whers congunsTs Fraquently notice an
odor vhen canks are naar eopty.

In order to examins the baseline concenctracions £ay the Vapor phase study, the
PRV vas choroughly rinsed with pethanol and methylene chloride, then purged with
pitrogen. For this phase of cxpcri.mncz:inn. we looked at only the headspace

PRV to allow airect syringe gampling. The PRV vas subsequently flushed with the
neadspace of the commercially odorized LPG. The first two £i11s with the vapoeT
phase LPG showed anonalous pehavior of the EM odorzant. While not in use, tha 20
1p. LPG cylinder nad been storsd outside of the puilding in a secur? araa. As
tha work for this study was conducted betwesn January and March 1987, tha
ambient storags tagperature for the cylinder was ctyplcally near 32°F (b.p. of
1PC = -43.6°F, b.p. EM =~ 9s*F). On the actempt of the girst £illing of tha PRV
for the vapor phase axperiment, the amblent remperacure was a'pproxinl-tely 40°T.
The equilibrium cylindsr pressuve a4t the time of £{lling was aotad to ba under
50 psig indicating the {ptarior tempsrature of the cylindsr to ba apprnximcely
20*F. BNo athyl mercaptan vas detectsd in the gas sampled, whila the DEDS
concentration was aotad to be approximn'caly ¢ ng/mL. Om 3 second attampt, the
LPG was warned siightly by bringing the cylinder indoors. 7The PRV was again
filled to squilibrium prassuze (ca. 70 psig) with the 20 1b. cylinder. on
analysis of chis £illing the sthyl mercaptan concentration was observed to ba 3
ng/al and the DEDS teo be 5 ng/tl. This finding may have occurred as 3 regult of
the cold storage remperature of the cylinder or may be due to an activation of
the metal surface. of the PRV due to the sclvent rinsing process.

10
A\ Arthur D. Little, Inc.
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CONGENTRATION (UG/ML)

(brs)

m
L] L4 DL*
180
TABLE &
o+
(No Oxides: Analytical Grade EM/LP)
_ Diethyl Disulfide
Vapor . Calculatad Vapor Calculated
Elapgzed Time  Comc, . [B) Liguid Phage [A1  Conc., [Bl Liguld Phase [A]
: (ng/al) (sg/mL) (ng/ml) (sg/mL)
18 4.9 ND -
13 3.5 ND -
15 4 7.0 2
7.6 2.1 13 3.5
8.2 2.2 11 3
5.9 1.6 11 k|
7.4 2 9.3 2.5
&0 16 9.6 2.6
19 5.1 10 2.7

LIQUID PHASE ODORANT OXIDATION

|ADmNEG (NS CXIEE)

*Dl, = Detection Limit of ethyl mercaptan (.42 ug/mL by Hubaux and Vos** with

957 confidence based upon column limit of 1.56 ng and analysis of 1.0 ml vapor
"with an expansion rate of 270 mL vapor/mL liquid.

daca.)

*%A. Hubaux and G. Vos, "Decigion and Detaction Limits for Linear Calibration
Curves," Apal. Chem., 42 (8), 849-855 (1970).

A Arthur D. Little, Inc. 1

(See page 31 for calibration
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ETHYL MERCAPTAN CONCENTRATION PROFILE
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F.
-5 =
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FIGURE 3
TABLE $
(Concentration vs. 8 LPG Dapleted)
s LPG Liquid Phase Vapor Phase
Repleted Soncencration Concengracion
(ng/al) [B] (ng/mL) [C)
0 k k) 11
10 36 12
20 39 13
30 43 14
40 48 - 16
50 55 18
60 65 22
70 81 27
80 109 36
90 183 61
95 302 101
99.9 1610 537
100 5830 1943
A\ Arthur D. Little, Inc. 12



VAPOR FPHASE ODORANT OXIDATION

BASELINE (MO CXIOES; NG ST PHASE)

2a =
24 =
X2 -
20 -
|-
1a -
14 =

12 =
1O =

CONCENVRATION (NG/ML)

TABLE &

(No Oxides: Commercial Grada LPG)

Ethyl Mercaptan Diethyl Disulfide
Experiment Elapsed Tine ~Soncantration
(hrs) (ng/mlL) [C] _ (ng/ml) [C]
1st Attempt 0 ND - 7.6
2nd Attampt 0 3.1 4.6
3zd Attampt .3 7.1 ND
.9 7.0 ND
2 4.9 4.1
3.5 5.3 3.9
19.5 ND 7.6

*DL = Detection Limit of ethyl mercaptan (1.56 ng on column) by Hubaux and Vos
with 95% confidence.

A\ Arthur D, Littls, Inc. 14
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LIQUID PHASE ODORANT OXIDATION

1, ML W/ OXDES

30
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26 =
24 -
n -
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12 -
10 =
a - — T
&
‘ .
: — — DL
-] ' 5 ’ [ -] ' é ' !éﬂ ' 130 1405 l_lﬂ
HOLUWE
= - [~ 4]
FIGURE 5
TARLE 7
(.025 g Oxides)
lstc Fill
Vapor Calculated Vapor Calculated
Elasped Tine  Conc. (B] Conc, [Bl
(hrs) (ng/mL) (pg/mL) (ng/nl) (sg/al)
o; ND . ND -
0 21 5.7 KD -
- 19 5.1 ND -
1 17 4.6 2.8 .76
2 156 4.3 2.7 .72
4 - 13 3.5 ND -
6 21 5.7 4.5 1.2
24 39 11 5.2 1.4
48 30 8.1 4.0 1.1
- 72 27 7.3 6.4 1.7
96 28 7.6 8.2 2.2
165 12 3.2 16 4.4

#DL = Detection Limit of echyl mercaptan (.51 ug/ml) by Bubaux and Vos with 952

confidence based upon on column limit of 1.88 ng and analysis of 1.0 ml vapor.

A\ Arthur D Little, Inc.
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CONCENTRATION (US/NL)

143

LIQUID PHASE ODORANT OXIDATION

Ath FRL W/ OXIDEX

18 =
17 -
19 =~
18 =
14
13 -
12 =
it -
10 =
» =
8 -
¥ -
*3
8 -
P
5 -
b
q -

e L] L] 1 i + + L3l 1 ] T L] ¥ DL
- 40 ad [ -] 100 129 140
HOURS
= [ ] - [ 2]
FIGURE 6
TABLE 8
(4th Fill with Oxide)
Vapor Calculatad Vapor Caleculated -
Conc, [B1
(ng/ul) (sg/ml) (ng/ml) (ug/ml)-
21 5.7 ND -
43 12 ND -
32 8.6 ND -
46 12 ND -
30 8.1 2.6 .6
17 4.6 8.1 2.2
21 5.7 9.6 2.6
36 9.7 9.5 2.6
29 7.8 11 3.1
30 8.1 6.8 1.8
47 13 5.5 1.5

*L, = Detection Limit of ethyl mercaptan (.46 ug/mlL) by Hubaux and Vos with 95%
confidence based upon column limit at or below 1.7 ng and an analysis of 1.0 ml

vapor.

A\ Arthur D, Little, Inc.
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diethyl disulfide concentration again remainad near 2 ug/mL, but appears to have
taken slightly longer to begin forming (i.e., twenty-four hours in the fourth
£f41ling vs. one hour in the first). Using Figure 7/Table 9 as a comparison te
the liquid phase, the ethyl mercaptan concentration behavior in the vapor phase
closely mimics that in the liquid phase. The converted liquid LP concesntration
(Column B) shows that the vapor phase concentration (Columm C) is approximately
one-third that found in the liquid phase (~10 ng/mL [gas] vs. =30 ng/ml).
However, thers was no disthyl disulfides detectable in the vapor phase, possibly
dus to the splashing from the mixer which would wash the DEDS from the coutainesr
valls into the liquid phase.

With the fifth f£illing, the disthyl disulfide formation continues to slow.
Figure 8/Table 10 shows that the ethyl mercaptan concentration in the liquid
phase remains near 11 ug/mL (allowing for scatter in the analytical results), as
expectad. The diethyl disulfide does not appear significantly until after three
days. As in the previous tests, and as predicted by Hankinson, the vapor phase
concentration of ethyl mercaptan is approximately one-third that in the liquid
phase as convertasd to vapor (Figurs 9/Table 11). Again no diechyl disulfide

appears in the vapor phass, presumably dues to the removal of any DEDS by the . —— -

vashing action of the LFG. =

B.WW

The introduction of odorized propane gas into an envirorment containing untreat-
ed masonry had baen suggested as a sacond possible rouce for oderant loss.
Using the LP odorized with ethyl mercaptan in the PRV at ca. 60 ng/mL gas (vapor
phase), we performad a set of three experiments. The first of the three tests
as s backgzround blank was simply to decermine the rate of loss of ethyl
mercaptan vs. the propane in the chamber without masonry presant. The other
tescs would tharefors detsrmine the diffsrsnce produced by the pressnce of
conersce block (cinder block) and pourad concreta. Previous expaerience with
this type of rsaction suggestsd that any absorption, binding, or catalytic
conversion would occur relatively quickly compared to the previously described
oxidation reaction studied in the cylinder.

The experimental plan thersfore called for spiking a standard EM/LP mixture to
the lower explosive limit (LEL - 1.9% LP in air) into a rigid chamber of known
volume. For this experiment we used a .1 m® chamber coustructed of 1/4" Lexane
acrylic with interior dimensions 40 cm x 50 cm x 50 cm as shown in Figure 10.
The hinged loading door on the front of the chamber sealed the chamber on
¢losing by means of silicone rubber gaskecting and twist plates. FPorts located
on the sidas near the top allowed for addition of the odorized propans and
regoval of aliquots of the air for analysis. A small fan at the top of the
chamber (resembling a miniature ceiling fan) provided the air circulation and
mixing to ensure representative sampling. ,

Given the dstaction limits for the compounds of interest, a 5.0 mL aliquot of
the chamber contents at the lover explosive limit allowed for adequata
monitoring from the acceptable odorization level of .319 ng/mL to near 1/53 the
lower explosive limit (.064 ng/mL). Samplas for EM analysis ‘were taken from the
chamber via 5.0 ml. gas-tight syringe, with mixing of the chamber air by the
small fan, and directly analyzed by the GC/FPD systam described in Appendix A.
The propane concentration was similarly determined by removal and analysis of a

17
A\ Arthur D. Little, Inc.
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VAPOR PHASE ODORANT OXIDATION

atn ML W/ DXIDES

30
28 - ]
f
% - ’
T4 = ’f
a —
g 2
z 18 =
g 14 =
E 12 =~ ‘
8 9 7 /
. .
g -
e
2 DL
Q TP — T | Em e T T T T T T —p— T
a x 4a - = 180 120 140
HOURS
T Em + DEDS
FIGURE 7
TABLE 9
(4th Fill with Oxides)
(hrs) (ng/mL) (C] (ng/mL) {C]
.25 ' 6.8 ND
2 11 ND
4 10 ND
6 8.4 ND
24 9.6 ND
48 1.7 ND
72 7.7 D
96 12 ND
119 11 ND
120 8.7 ND
143 28% Kb

*Increase dus to depletion of liquid phass.

* DI, = Detection Limit of ethyl mercaptan (1.71 ng/mL) based on injection volume

of 1.0 mL vapor by Hubaux and VYos with 957 confidence.

/A Arthur D. Little, Inc., 18
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CONCENTRATON (UG/ML)

LIQUID PHASE ODORANT OXIDATION

ath M, W/ CxXIoEs
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HOURSE
a [ =] - OEDG
FIGURE 8
TABLE 10
{(5th Fill with Oxidas)
Ethyl Mexcaptin Riechyl Disulfide
Vapor Calculacad Vapor Calculatad
Elapsed Time Conc. [Bl Liguid Thase [A]l Conc, [Bl Liguid Fhase [Al
(hrs) (ng/mlL) {(pg/=Ll) (ng/mL) (usg/ml)
0" KD - ND .
.67 1 8.4 ND -
2 42 11 ND .
4 41 11 ND -
6 40 11 ND .
24 45 12 ND -
48 53 14 ND -
72 40 11 9.0 2.5 .
96 13 .5 6.7 : 1.8
97 54 15 J213] -

)L = Detection Limit for ethyl mercaptan (.72 ug/mL) by Bubaux and Vos with
95% confidence based upon column limit at or below 2.68 ng/ml and an analysis

of 1.0 nlL vapor,

A\ Arthur D, Little, Inc. 19
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VAPOR PHASE ODORANT OXIDATION
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FIGURE 9
TABLE 11
(5th FLll with Oxides)
Ethyl Marcaptan Diethyl Disulfide
—Loncentration.
(hrs) (ng/al) [C] (ng/ml) [C]
.67 8.1 ND
2 7.8 ND
4 11 ND
6 12 ND
24 12 RD
48 13 ND
72 | 8.0 ND
96 13 ND

DL = Detection Limit of ethyl mercaptan at or below 2.7 ng/mlL vapor by
Hubaux and Vos with 95X confidence based upon amalysis of 1.0 mlL vapor.

A\ Arthur D. Little, Inc. 20
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30-50 ul aliquot of the air. The init{a] trial run withour masonry showsd the
chamber retzined the test atmogphere reasonably well., ag indicated in Table 12
and Figure 11A, the inieia}l ethyl mercaptan concentration wag .52 ng/ml air,

chapber, the ethyl Dercaptan was only depletad to 87% of irs original concantra-
tion and the Propane to 81% of {tg original leval, Aftar 4pproximately 24
hours, che ethyl mercapean level was .35 ng/al (69y of original) and the Propane

Since information was not readily avajilabie Concerning average Sizes of exposed
masonry surface for 4 typical user, ap estimate was made based on a typical home
dimension. For example, a typical home might have 4 25" x 45' (7 g2 mx 14,33
m) basement with a ceiling height of seven (7) £t (2.13 m). For this modal,
the interior volume i3 7875 f£e3 (232 ¢ m®), zhe surface area (walls and floor)
is 2105 fe2 (202.7 n%) hence the ratioc of area Lo volume is 247 £e?/feS (.87
n2/m3). This would be represencad by 2 .1 m? (40 cq X 50 em x 50 em) gas
éxposure chamber with a concrete sample of 870 em? surface area to the .1 p?

Concracs (einder) block saxples obtained from a loca) masonry produces suppliar
wers normal veight nacury] Soncrete patio block (1 34" x g = X 15™). Tha

axposad surface 4rea, the cindar block was scored and broken along one edge to
yiald the 870 o3 (i1.e, 4.5 cm x 1.5 em x 19.5 em). The pourec concrete sample
requirsd cutting with dismond saw o obtain tha Proper surface araeg (i.e., 10
em x 10 o x 16.5 om).

Using thase sampleg, zhe ethyi mercapcan concentration was showm co decreaase
markadly over the test pariod az compared to Propane. With the concreta block
in placs, the ethyl mercaptan concantration dacreased to below datectable levels

While there s 2ome variability in the individual dar, points developed in this
PIogram, a general trend is discernible &8s to the fate of the ethyl Rercaptan
odorant in Ipg under the conditions studied. Based upon the results in these
experinunts, ir 14 apparent that the ethyl mercaptan in an LPC mixture in Steel
¢ylinders {g subject to oxidation. The oxidation appears to cccur regardlass of
the amount of iren oxides Presant in the cylinder, In fact, as noted by the
results of the éxperiments withour oxides added =o the stainlaess 8teel reaction
vesssl, oxidation Zay taks place even in & "clean” container. I: als0 appesrs
that the surfaces of a cylindar in continuous yga may become daactivated with
Tespect to reaction of the athyl meTcaptan or may at least cause a slover race
of reaction. Flgures 12 ang 13 present the Praviously shown concentracion
Profiles grouped by liquid Phase and vapor phase Tespectively, and support rhe
Premise that g container surfice D3y be deactivated with rapeacad fillings.

A\ Arthur D, Littte, [ne 2



TABLE 12

Masonry Promoted Odorant Fading Results

PRN—

T

£y

k't
'

Elapsad Ethyl Mercaptan Propane
Sudy ~Lame._ —Dglnl (DIO* . —_—r—
(Hours:Minuceas) .
Chamber Blank 0:10 .53 (.34)
0:30 2.0
2:00 .49
3:15 b
6:15 ! .46
6:45 1.6
22:30 1.1
24:15 .48
Chamber with 0:10 .84 (.23)
Concrete Block 0:40 1.7
1:40 A
2:30 1.4
3:05 .39
4:00 1.2
4:35 .32
5:40 ND
22:30 1.3
44350 1.1
Chamber with c:17 .35 (.20)
Poured Concrecs 0:40 1.8
0:53 .36
1:30 1.8
1:47 .31
2:10 1.8
3:21 .27
4:12 .23
4:17 ’ 1.8
L4145 .23
5:50 .20
6:40 .21
8:20 .22 _
9:00 1.6

*DL = 95% confidence detection limits (ng/ml) via Hubaux and Vos, differences in

detection limits are produced by variation in detsctor response as datermined

on & daily basis, :

ND = none datectsd (nc baseline deflectiom).

A\ Arthur D, Littie, Inc.
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Figure 11

MASONRY PROMOTED ODORANT FADING
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Figure 12

SE ODORANT OXIDATION
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Figure 13

VAPOR PHASE OXIDATION

BASELINE (NO OXIDES: MNQ LIQUID AHASE)

L ] ]
NbAD
I T A O

13151

0
[ ]
Y

10 ) tl."." T4 T8 18 20

HQU:‘ (=] 4-} ]

arh Fill, W,/ OXIOES

NIFA

Sen FiLL W,/ OXIDES

30
=8
aw
24

20

- T T RFPA

A ek A o
ONLRABODRNLMAD

®so 100 120 140 180

HOoUmRS :
L oTDs

— 30U

26



This phenomenon would require experimental exposures longer than those examined
in this study to be fully evaluaced. The oxidation of EM was found to take
place in both the liquid and vaper phases, but more rapidly and completely in
the vapor phase. This phenomenon became clezr in the experiments using only
odorized vapor phase LP, and may be masked when liquid phase is present to
dissolve any diethyl disulfide formed and replenish any EM lost. As described,
diathyl disulfide was found to be the primary oxidation product of ethyl
mercaptan, although additional products may form if other mercaptans are also
prasent, e.g., methyl ecthyl disulfide in the presencs of methyl mesrcaptan.
According go the gensral mercaptan literature, the oxidation reaction is
raversible” (although we did not verify this experimentally) but the ethyl and
methyl disulfides ars relatively unrsactivs.
Because of the varying parametars present, i.e., temperature and liquid-vapor
phase equilibrium and "odor-threshold® levels, acceptable levels of odorization
in the pure vapor phase and at subsequent dilutions in air should be decermined.
The NFPA rscommendation of 1.0 1b./10,000 gals. does not directly correlate to a
delivered vapor phase concentration except by using the liquid/vapor equilibrium
data, indicated by Hankinson and Wilson. The target would be approximataly 11
ng EM/mL LPG vapor (4.0 ppm as delivered or about 15 ppb at 1/5 the LEL)., Based
upon the results of experimsnts with the liquid phasa LP, the ethyl mercaptan
concentration does not appear to stabilize and appear at the 1l ng/ml level
until the S5th £ill. Fewer fillings of the cylinder show erratic ethyl mercaptan
concentrations in the LP(G) and are comnsistently lower than the target lavel
until the c¢ylinder is nearly expended.

It has been demonstrated that ethyl mercaptan is deplstad =uch zore quickly than
the propane of an cdorized LPG mixture In a steady state enviromment with
masonry. In the presence of a concrete block, the ethyl mercaptan was shown to
be undetectable within six hours, i.e., less than .09 ng/mL (32 ppb). Again,
based upon the previcus discussion of liquid-vapor phase equilibria, the
recommended NFPA guidslines indicated above would correspond to a concentration
of .21 ng EM/mL (76 ppb) air at the 1.9% LEL.

IV. RECOMMENDATIONS
Several recommendations became apparent as a result Qf this study:

(1) The appropriate odorization level of athyl mercaptan in LPG vapor and
practices to achieve 1t may require batter definition. The stated NFPA
odorization lavel (1.0 1lbs./10,000 gals.) does not address the final deliv-
ery concentration in the wvapor phase. Considerations important to chis
detarmination include the liquid-vapor phasa equilibrium of the original
charge ratio, regional temperature effacts, and potencial losses to oxida-.
tion or other affects. Bullerdiek suggestad that odorization at 1.2 - 1.5
lbs, EM/10,000 gals. LPG would yield 15 - 20 ppb at 1/5 the LEL. A study

3Nollar. Carl R., "Chemistry of Organic Compounds”, W.B. Saunders Company,
Philidelphia, 1951, p. 270.
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(2)

J (3)

™y

correlating the odorization level with final delivery concencrations by
both chemical and sensory analysis may be appropriate.

While a trend of odorant oxidation in storage of LPG in steel cylinders
appeared to occur during our short term study (5 - 7 days/test), a longer
term study should be initiated. The oxidation taking place in the environ-
ment of the steel cylinder should be studied over weeks or months to gzin a
fuller undarstanding of the phenomenon. It might also be of interest to
determines whether or noc there ars practices or tachnigues avallable to
nitigate the oxidation produced by the storage container, e.g., whether or
not a polymer coating might be affective. Similarly, polymer coatings
(paints) on masonry might be important inhibitors of odorant loss, 1In this
latter cass, it should also be recognizaed that in actual practice, a
dynamic situation exists, and relative rates of loss and replenishment
hecome important.

During the course of this preogram, the potential for odorant loss at cold
temperatures (near freezing) in the vipar phase concentration of the LPG
was suggested. A study te determine whether or not this effect iz real
would be appropriate. The temperature/concentration profiles in the steel
cylinders, as well as storage duration and use fraquancy might be axamined.
For example, it is possible that regular use at colder temperatures would
produce near normal odorization in the vapor phase but the odorant will
mers readily condense out of the vapor phase with infrequent use (such as
might be found in seasonal or rental properties).

A\ Arthur D. Little, Inc.
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APPENDIX A

Analysical Methed

All analyses for this program wers performed using packed column gas
chromatography with flame photometric detection (FPD) for sulfur compounds and
flame ionization detsction (FID) for hydrocarbons. The sulfur compounds were
separated using a two foot (2’) x 1/8" Chromesil 330 in teflom column. To
separate the ethyl mercaptan from thes low boiling LPG components, the oven
temperature was run as lov as ambient conditions would resproducibly allow, {.e.,
30°C. Once the ethyl mercaptan had sluted (at 1.0 min), the oven temperaturs
was programmed up to near the upper limit of the columm (i.e, 65°C) to more
rapidly elucs the diethyl disulfide (retention time ca. 8.0 min). (The
resulting chromatogram is shown in Figure A with the impurities found in cthe 20
1b. cylinder.) In sffect the chromategraphic conditions for the separation of
the athyl mercaptan from the LPFG components and the diethyl disulfide were as

" follows:

' EeNR._RIOg.
30°C (1 min hold) 35°C/min to 65°C (hold 7 min)

The propane and LPG hydrocarbon components wers separatad using a 30 fr 1/8"
stainless scael columm containing 23% SP-1700 on 30/100 Chromosorb P (acid
washed). To simplify the chromatographic procedure between the two types of
analyses (i1.e., sulfur vs. hydrocarbon), we chose to chrematograph the hydrocar-
bons at 30°C a8 well. The retention time for the propane was found to be
approximataly 6.0 min.

A\ Arthur D. Little, Inc. 29
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~alibraci:

Calibration standards were initially prepared for both ethyl mercaptan and
diathyl disulfide in the vapor phase (nitrogen matrix). HNumerous probleams were
encountsred with the reproducibility of the diethyl disulfide (DEDS) in the
vapor phase. The problems stemmed from the DEDS condensing onto the walls of
the Tedlar® bags used in the study. The problem was initially resolved by
gently warming the bag in an oven (50-60°C). Ultimataly the standards for the
two compounds were prepared separataly, ethyl mercaptan in the gas bag (nitrogen
matrix) and diachyl disulfide standards prepared in hexane.

Calibration data for the eachyl mercaptan aftar four weeks showed a relacive
standard deviation of approximacely 35%. The average slope of the regression
lines for the EM data was 232 (ng on column vs. square root of area) with a
standard deviation of 10.5. The correlation efficient for each curve was better
than .997. Typical calibration data showed a detection limit of 2,25 ng at the
99% confidence level (1.55 at 95%) according te the Hubaux and Vos calibration
method, a very consverative method of detemining acceptabilicy of data.
Presence of compounds can routinely be determined at levels below the indicated
statistical detection limit valua. This line indicated a slope of 236, a
y-intercept of -4.0836 (y-value of 5937.8 at 25.17 ng EM) and a correlacion
coefficient of .9983 for forty-four (44) data points run over four days (range
1.26 ng - 23.2 ng). For three sats of dlethyl disulfide standard curves
preparad in gas bags over three days the regression line had a slope of 99 (ng
on column {x] vs. square root of arsa [¥y]). A correlation coefficient of .998
and a y-intarcept of 550, For a set of standards prepared in hexane, the
results were very similar: slops = 110, y-int, = 285, c.c. = 998,

aA. Hubaux and G. Vos, "Decision and Detaction Limits for Linear

Calikration Curves,” Apal, Chem,, 42 (8), 849-.855 (1970).
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