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FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC-
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER
LOCAL, STATE, OR FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT,
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EXECUTIVE SUMMARY

The Clean Air Act Amendments of 1990 requiré that gasoline sold in areas of non-
attainment for carbon monoxide or ozone contain specified amounts of fuel
oxygenates. Fuel oxygenates include, methyl-tertiary-butyl ether (MTBE), ethyl-
terﬁary-butyl ether (ETBE), and tertiary-amyl-methyl ether (TAME). These oxygenated
compounds increase the oxygen content of fuels, producing a more complete
combustion, resulting in a reduction in carbon monoxide emissions. Oxygenated
compounds such as MTBE have been previously added to gasoline to enhance octane
ratings. More recently, larger amounts of oxygenates, MTBE, in particular, have been
added to fuels to meet Clean Air Act Amendment requirements. This study examines
the effect of oxygenate addition on the odor of gasoline blends.

Three blends of gasoline (summer, winter and a "composite") were evaluated for their
odor detection and recognition thresholds in air. These gasolines were also combined
with the gasoline oxygenates MTBE, ETBE or TAME to evaluate the effect of the
oxygenates on the gasolines’ odor detection and recognition thresholds. Additionally,
commercial grade MTBE (97% pure, obtained from ARCO Chemical Co.) was
evaluated for its odor detection and recognition thresholds in air and water as well as
its taste threshold in water. The detection threshold is defined as the minimum
concentration at which 50 percent of a given population can differentiate between a
sample containing the odorant and a sample of odor free air. The recognition
threshold value is defined as the minimum concentration at which 50 percent of a
given population can recognize or identify the odorant. These evaluations were

conducted at TRC Environmental Corporation’s (TRC’s) Odor Laboratory in Windsor,
Connecticut.

The average detection and recognition threshold values for commercial grade MTBE
were determined to be 0.053 and 0.125 parts-per-million (ppm), respectively. The
average detection and recognition threshold values for this MTBE in water were

ES-1
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determined to be 0.045 and 0.055 ppm, respectively. In general, compounds with
odor thresholds below 1 ppm are considered highly odorous. The panelists
descriptions of MTBE’s odor included alcohol, éhemical, ether and butane. Finally, the
average taste detection threshold value for this oxygenate was determined to be 0.039
ppm. The panelists found the taste of MTBE to be highly objectionable.

" The average detection and recognition threshold values for the headspace vapor of
the three gasoline blends are as follows: summer blend - 0.576 and 0.802 ppm,
respectively; winter blend - 0.479 and 1.121 ppm, respectively; and "composite"
blend - 0.474 and 0.765 ppm, respectively. In general, the panelists described all
three blends as smelling like gasoline.

The average detection and recognition threshold values for the headspace vapor of
the gasoline-oxygenate mixtures are as follows: summer blend + 3% MTBE (97%
purity) - 0.5 and 0.696 ppm, respectively; summer blend + 11% MTBE (97% purity) -
0.275 and 0.710 ppm, respectively; summer blend + 15% MTBE (97% purity) - 0.264
and 0.686 ppm, respectively; summer blend + 15% MTBE (99% purity) - 0.113 and
0.358 ppm, respectively. The odors associated with these mixtures included organic
volatile, gasoling, ethér, car exhaust, sweet gasoline and gasoline with ether. The
summer blend of gasoline was also mixed with 15% ETBE (99% purity) and also with
15% TAME (94% purity). The average detection and recognition threshold values for
these mixtures are 0.064 and 0.139 ppm (summer blend + ETBE) and 0.114 and
0.207 ppm (summer blend + TAME). The odors the panelists associated with these
mixtures included ether, gasoline, chemical with gasoline, cleaning fluid and natural
gas.

The winter and composite gasolines were each mixed with 15% MTBE (97% purity),
respectively. The average detection and recognition threshold values for these
mixtures were 0.219 and 0.398 ppm (winter blend + MTBE) and 0.085 and 0.185 ppm
(composite blend + MTBE), respectively. The odor of the winter gasoline - MTBE

ES-2
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mixture was associated with gasoline, chemical and ether by the panelists. The odor
of the "composite" gasoline - MTBE mixture was associated with gasoline, gasoline
with ether, and permanent marker by the panelists.

ES-3
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Section 1
INTRODUCTION

The Clean Air Act Amendments of 1990 require that gasoline sold in areas of non-
attainment for carbon monoxide or ozone contain specified amounts of fuel
oxygenates. Fuel oxygenates include, methyl-tertiary-butyl ether (MTBE), ethyl-
tertiary-butyl ether (ETBE), and tertiary-amyl-methyl ether (TAME). These oxygenated
compounds increase the oxygen content of fuels, producing a more complete
combustion, resulting in a reduction in carbon monoxide emissions. Oxygenated
compounds such as MTBE have been previously added to gasoline to enhance octane
ratings. More recently, larger amounts of oxygenates, MTBE, in particular, have been
added to fuels to meet Clean Air Act Amendment requirements. This study examines
the effect of oxygenate addition on the odor of gasoline blends. A commercial blend
of MTBE (97% purity, obtained from ARCO Chemical Co.) was also evaluated for its
odor detection and recognition thresholds in air and water as well as its taste
threshold in water. MTBE (99% purity) and ETBE (99% purity) were also supplied by
ARCO Chemical Company. TAME (94% purity) was obtained by API from Aldrich
Chemical Company and supplied to TRC through API’s chemical repository,
Experimental Pathology Laboratories, Inc. (Herndon, VA). The gasoline blends were
furnished through Experimental Pathology Laboratories, Inc., Herndon, VA (summer
blend - API Reference Fuel 91-01), and Sun Co., Inc., Marcus Hook, PA (winter blend
and "composite" sample). The Reid Vapor Pressure (RVP) for the gasoline blends (in
psi) are 8.5, for the summer blend; 12.3 for the winter blend; and 7.9 for the

"composite sample".

1-1
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Section 2
EXPERIMENTAL PROCEDURES

TASTE EVALUATION PROCEDURES

The taste threshold determinations met the criteria specified in Review of Published
Odor and Taste Threshold Values of Soluble Gasoline Components (TRC, 1985).
These criteria are summarized as follows:

Panel selection of at least six per group;
Panel selection based on taste sensitivity;
Panel calibration;

A "sip" and "spit" presentation method;
Room temperature solutions;

Purified water as a diluent;

Rinse between stimuli;

Consideration of threshold type;

Staircase presentation series;

10 Forced-choice procedure;

11. Repeated trials;

12. Concentration step increasing by a factor of two or three.

CONOOABN

TRC performed the taste threshold testing following the procedure in Standard Method
2160B for the Examination of Water and Wastewater (APHA et al., 1992). The taste
threshold value of MTBE was determined by comparing this oxygenate with water.
Aliquots of the MTBE solutions used for the aqueous odor testing were also used for
the taste tests. The samples were presented to the panelists in a series of increasing
concentrations, and each sample was paired with a water reference. Each panelist
was required to sip the sample via straw, hold it inside the mouth for a few seconds
and discharge it without swallowing. The panelist then compared the sample of
oxygenate with the reference sample and indicated whether or not a flavor or
aftertaste could be detected.

Petroleum Institute
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ODOR EVALUATION PROCEDURES

These studies were conducted in TRC’s Odor Laboratory in Windsor, Connecticut.
The odor threshold determinations met the criteria specified in Review of Published
Odor and Taste Threshold Values of Soluble GaSoline Components (TRC, 1985).
These criteria are summarized as follows:

. Panel selection of at least six per group;

. Panel selection based on odor sensitivity;

. Panel calibration;

. Consideration of vapor modality (air and water);

. Diluent in accord with compound;

. Presentation mode that reduces ambient air intake;

. Analytical measurement of odorant concentration;

. Calibration of flow rate and face velocity (for olfactometers);
. Consideration of threshold type (detection or recognition);

10 Ascending presentation series;

11. Repeated trials;

12. Forced-choice procedure;

13. Concentration step increasing by factor of two or three.

CONOOTAWN ~

Threshold Determinations in Air Samples
Air samples of neat MTBE were produced by vaporizing a known volume of MTBE

(0.6 ) in a known volume of hydrocarbon-free air (0.400 ft°) which was contained in a
Tedlar® bag. The concentration in each sample bag was calculated according to the
equation presented in Table 2-1 and expressed in parts-per-million (ppm). The
average starting concentration of MTBE in the Tedlar® bag was calculated to be 11.16

ppm.

In contrast to the wholly vaporized MTBE samples, the headspace vapor samples
from the summer, winter and "composite" gasolines as well as from the gasoline-
oxygenate mixtures were generated by a mini-impinger system. Ten milliliters of
gasoline or gasoline-oxygenate mixture were placed into a glass impinger. Carbon-
filtered air was passed through an inlet tube over the headspace and the vapor was
collected through an outlet tube into a Tedlar® bag. The resultant headspace vapor
was diluted approximately 2000-fold prior to presentation to the odor panel. The

2-2
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Table 2-1. TRC Solvent Bag Standard Preparation Data Form

TRC Project Date

Location Technician

Solvent Species Molecular Weight Density

Dilution Ambient Barometric
Gas Tewperature Pressure

Dry Gas Meter Calibration Factor (Y)

mole 24.04(L) Tm(®K) 760
MW(g) mole 293 Po (a=mHg)

Vd (fc3) 28.32(L/Efc°) Y

VS(UL) D(g/L)

C ppm (V/V) =

Volume of

Injected Volume of Solvent

Solvent Ta T PDCYH P Dilution Gas Concentration
Bag No. _ (uL) (°F)  (°K) (in. ¥20) (in. Hg)  (ft)) (ppm)

NOTE: Pg = pressure wessured at the dry gas meter (POGCM) + barometric pressure.

Standard conditions are 68°F, 29.92 inches Hg.
2-3
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concentration (in ppm) of total hydrocarbons in the Tedlar® bags containing the diluted
gasoline headspace vapor was approximated by using an Organic Vapor Analyzer
(OVA) (Foxboro 128). The OVA was calibrated against a gaseous mixture of 45%
butane, 45% pentane and 10% hexane. The Tedlar® bag containing the diluted
gasoline headspace vapor was then connected to the sampling port of the OVA and a
reading obtained.

The readings for each sample were recorded on the appropriate ED,, evaluation forms
(Appendices B and C). An API study of consumer gasoline vapor exposure during
refueling demonstrated that approximately 80% of gasoline vapors are comprised of
saturated C,-C, compounds (Clayton Environmental Consultants, 1993).

The dilution-to-threshold (D/T) values used to calculate the threshold concentration
levels were measured with a dynamic dilution triangle olfactometer (lITR! System,
1979 Model). The D/T value represents the ratio of the volume of odor-free air that
must be added to the odorous sample to reach threshold. For example, a D/T of 100
means that 100 volumes of odor-free air must be added to one volume of odorous air
to dilute it to threshold. The D/T ratio represents that dilution required for 50% of the
panel to detect a difference between the odorous stimuli and the blank air.

On the triangle olfactometer, this is the point at which the panelist successively
identifies the sniff port containing the odor. The olfactometer uses carbon-filtered air
to make six simultaneous dilutions of the odorous air. A series of dilutions were
presented in an ascending manner, each series representing approximately a three-
fold concentration step. The dilution ratios, as determined by a soap film flow-meter,
were approximately: 1/2411, 1/608, 1/175, 1/55, 1/24, 1/8. Each dilution level was
presented by means of a cup containing three glass sniff ports. Two ports dispensed
only carbon filtered air while the third dispensed the diluted odor. Flow rates from the
sniffing ports were constant at 3 L/minute. Panelists chose which of the three ports
differed from the other two, i.e., the odor. The olfactometer and its procedures meet

2-4
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the requirements of ASTM Standard Practice E 679 (ASTM, 1993a). A schematic
illustration of the olfactometer is depicted in Figure 2-1. The D/T value was calculated
by log dilution level versus probability plots. The probability of correct response at 50
percent was plotted against odorant concentration for a best fit (least squares) straight
line function. This D/T determination method is recommended for use with the IITRI
Olfactometer System, and is also recommended by ASTM Standard Practice E 679
(ASTM, 1993a).

Composite scores were used to determine two types of thresholds, detection and
recognition. The detection threshold value differs from the recognition threshold value
in that, the detection threshold is the dilution at which a panelist is capable of
determining that there is a difference between the sample and filtered air. The
recognition threshold value is the dilution at which a panelist is capable of rating the
intensity of the odor on the butano! scale. Both the odor thresholds of detection and
recognition are expressed in parts-per-million. The thresholds were calculated by
dividing the concentration (ppm) in the sample bag by the D/T ratio (dimensionless) as
determined by odor panel evaluation. In addition, once panelists were able to rate the
intensity of the odor on the butanol scale, they were asked to describe the odor
associated with the sample.

The perceived odor intensity was measured with a dynamic dilution binary scale
olfactometer arranged in a "lazy Susan" configuration (Figure 2-2). Supra-threshold
levels of 1-butyl alcohol (Standard Reference ASTM E 544) were presented in two-fold
concentration steps (the butanol scale) (ASTM, 1993b). Panelists compared the ports
of the triangle olfactometer with the butanol and indicated the comparable level. The
panelists were asked to rate the intensity of the odor on all subsequent dilutions after
the odor was detected. The intensity of the odor was rated on a scale of 1 to 8 (as
compared to port number 1 through 8). Ratings of 1 through 3 are considered weak
odors, ratings of 4, 5 and 6 are considered moderate odors and ratings of 7 and 8 are
strong odors.
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Figure 2-1. Dynamic Dilution Forced-Choice Triangle Olfactometer
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Figure 2-2. Butanol Olfactometer
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Threshold Determinations in Aqueous Samples
TRC determined the odor thresholds of MTBE in its aqueous phase, following the

Standard Method 2150 for the Examination of Water and Wastewater (APHA et al.,
1992). A known concentration of MTBE was diluted with distilled water in a fixed ratio
and evaluated organoleptically. Following Method 2150, aqueous samples (contained
in flasks) with known concentrations of MTBE were presented to each panelist in
ascending order from the weakest to the highest concentration. Based on the results
of preliminary tests, a set of dilutions of MTBE was prepared. The nominal
concentrations of the samples used in the aqueous odor testing were calculated to be
0.023 ppm, 0.046 ppm, 0.093 ppm, 0.185 ppm, 0.370 and 0.740 ppm MTBE. Each
sample was presented to the panelist accompanied by two flasks that contained
distilled water. The panelist sniffed the headspace of each flask and indicated

which flask was different from the other two. The odor threshold is the dilution ratio at
which the odor was just detected.

CALCULATION OF ODOR AND TASTE THRESHOLD VALUES

The odor and taste threshold values were calculated using a statistical-linear
regression method. Tables 2-2 and 2-3 are used to calculate the threshold values.
Table 2-2 is the ED,, Evaluation Form for the Dynamic Triangle Olfactometer. The Y-
values of the linear regression are derived from the calibration data of the
olfactometer. These Y-values are the log of the tolerance level concentration which is
calculated by averaging adjacent dilution levels. Once each panelist has evaluated
the sample, a frequency tally is taken which indicates the number of times the sample
is first detected per concentration. An average rank for all panelists is then
determined using the rank count number scale. The X-plotting value is determined
using a conversion table (Table 2-3). The pairs of X and Y values are then used to

2-8
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Table 2-2. ED,, Evaluation Form for the Dynamic Triangle Olfactometer

smPIE: PUpSpEpRpr T I T R P AL LY P R LT T L L LR R LY Y L oesscscoemen
Evaluation Date: ____.. eecceawe RESULT: Log EDSO - EDSO -
Dilution level Number :
1 2 3 4 s | 6 m
Cons. | Panelist Correct Choice Would Be: .
No. (t = top, ¢ = center, b = bottom)
| | 1 | |
Panelist Indicated:
1
2 For
3 Rank Count:
4 1
2
E 3
4
6 5
6
7 7
8
: 19
9 I
10 |

Frequency Tally

Average Rank

X = Plotting Value

Y = Log(Tolerance
Level)

f
]

Log(Dilution
Factor)

Dilution

Level No. <l .

3 4

Plot Y versus X
Y at X=0 i{s Log EDgy

Panel Leader
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Table 2-3. Table for Rank Conversion of Rank Data to X-Axis Plot Values

Number of Panelists

Average Rank 6 7 8 8 10
1.0 «1.07 -1.18 «1.22 «1.28 «1.33
1.5 «0.79 -0.89 -0.97 «1.04 «1.10
2.0 «0.57 «0.67 «0.77 -0.84 =0.91
2.5 =D.37 -0.48 -0.59 «0.67 «0.75
3.0 -0.18 «0.32 «0.43 -0.52 «0.60
3.5 0 -0.16 | <0.28 | -6.39 | -0.&7
4.0 +0.18 0 -0.14 «0.25 «0.35
4.5 +0.37 +0.16 0 -0.13 «0.23
5.0 +0.57 | +40.32 | +40.14 ] -0.11

5.8 +0.79 +0.49% +0.28 +0.13 0
€.0 +1.07 +0.67 +0.43 +0.25 +0,11
6.5 +0.89 +0.59 +0.39 +0.23
7.0 +1.15 +0.77 +0,52 +0,35
7.5 +0.97 +0.67 +0.47
8.0 +1.22 +0.84 +0.60
B.5 +).04 +0.75
8.0 +1.28 +0.91
8.5 +1.10
10.0 +},33
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calculate the dilution-to-threshold (D/T) by a least squares method. The equation that
is used is:

LogD/T= Y-{ X*[{XY)-NY X}{(X®) -N( X3} (Equation 2-1)
where:

Y = mean value of all log (tolerance level) values actually used.
X = mean value of plotting values.
(XY) = sum of products of each X with corresponding Y.
(X®) = sum of squares of X values.
N = number of plotting values.

This equation automatically calculates the best-fit straight line for the data and
provides the log of the D/T. For example, Appendix A provides the olfactometer EDq,
evaluation forms for the vaporized MTBE samples, in which the D/T values were
calculated as just described. As seen in the first sheet (Sample A) the Y values (log
tolerance level) to plot the detection threshold are 3.681, 3.083, 2.514, 1.992 and
0.732. A frequency tally of the initial odorant detection is made (circled samples on
ED,, sheet). The frequency tallies (with respective average rank values in
parentheses) are 1 (1), 1 (2), 3 (4), 1 (6) and 1 (7). The average rank values were
then converted to the X values of -1.15, -0.67, 0, 0.67 and 1.15 respectively.
Therefore the X,Y plotting values are -1.15, 3.681; -0.67, 3.083; 0, 2.514; 0.67, 1.992,
and 1.15, 0.732. Using the least squares method, the D/T value is calculated to be
251. The concentration of MTBE in the bag (ppm) is divided by the D/T value to
obtain the odor threshold value in ppm (0.043 ppm). The recognition threshold is
calculated the same way except that the frequency tally is of the initial odorant
recognition (first intensity ranking, designated on ED,, sheet by a number value in a
square). The odor and taste threshold values in water are also determined in a similar
manner.

2-11
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PANEL

TRC Environmental Corporation maintains a pool of well-trained and experienced
panelists from the Hartford, Connecticut area for olfactory evaluation at TRC’s
Olfactory Laboratory located in Windsor, Connecticut. For these odor and taste
evaluation studies, the panel consisted of at least six individuals chosen to represent a
normal distribution of olfactory sensitivity such as found in the general population.
Prior to sample evaluation for odor thresholds, the panel was calibrated with a butanol
intensity series.

2-12
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Section 3
RESULTS AND CONCLUSIONS

TASTE EVALUATION RESULTS

MTBE (97%) was evaluated for its taste threshold in water (Table 3-1). The average
taste detection threshold value for this oxygenate, in these studies, was 0.039 ppm.
The panelists found the taste of MTBE (even at the lowest concentrations) to be highly
objectionable.

Table 3-1. Taste Threshold Values for MTBE in Water (in ppm)

Oxygenate Taste Threshold Taste Characteristics'
97% MTBE 0.039 "nasty”, bitter, rubbing alcohol,
0.039 nauseating
avg 0.039

! Combined odor characteristics from each sample within the group.

ODOR EVALUATION RESULTS
Results From the Evaluation of MTBE
The odor threshold values for MTBE in air and water are presented in Table 3-2. The

Table 3-2. Odor Threshold Values for MTBE in Air' and Water (in ppm)

Odor Qdor QOdor
Oxygenate Detection Recognition Character’
97% MTBE (air) 0.043 0.105 chemical, ether, sour,
0.058 0.159 butane, alcohol, medicine,
0.058 0.110 : cleaning fluid
avg 0.053+0.005 0.125+0.017
97% MTBE 0.048 0.065 alcohol
(water) 0.041 0.044
avg 0.045 0.055

' Mean + Standard Error
2 Combined odor characteristics from each sample within the group.

3-1

Copyright American Petroleum Institute
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx4592 94 ER 0732290 051743k b4l N

average detection and recognition threshold values for MTBE were 0.053 and 0.125

ppm, respectively. In addition, each panelist was asked to describe the odor

associated with the sample. These odor descritptions included chemical, alcohol, ether

and butane. The average odor detection and recognition threshold values for MTBE

in waier were 0.045 ppm and 0.055 ppm, respectively. In general, compounds that

exhibit odor threshold values below 1 ppm, such as MTBE, are in general considered

highly odorous. The average odor intensity ratings for MTBE in air and water are

presented in Table 3-3. The average odor intensity rating for MTBE in air was 5.17

which indicates that this oxygenate has a moderate odor level at the concentration

tested, while the odor intensity for MTBE in water was 2.86.

Table 3-3. Odor Intensity Values for MTBE in Air and Water

Average Average Odor Intensity Slope of
Oxygenate Conc.(ppm)’ Odor Intensity® at 0 Dilution® Odor Intensity
97% MTBE (air) 11.17 5.17 6.82 -0.42
97% MTBE 0.74 2.86 3.94 -0.82
(water)

' Average of the nominal starting concentrations of the samples.

2 Average odor intensity of the last dilution cup (8-fold dilution step).

® Average odor intensity at 0 dilution, extrapolated value using linear regression (odor
intensity vs. log dilution level).

The intensity values for each sample were extrapolated to a zero (0) dilution and the
slope values of the odor intensity vs. concentration line were also calculated. Since
odorant intensity increases as a function of concentration, these data indicate that the
odor of MTBE in water is more intense compared with MTBE in air. The slope of the
increase in the intensity of the odor of MTBE in water is also larger than the slope of
MTBE in air, indicating a faster increase in intensity as the concentration is increased.

The D/T evaluation forms for the dynamic triangle olfactometer, which include the
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perceived odor characteristics of MTBE, as well as the aqueous MTBE odor and taste
data sheets, are provided in Appendix A and present the responses of each panelist.
The detection and recognition threshold values for each sample are calculated using
this data as described in Section 2.

Results From the Evaluation of Gasoline

The threshold values and odor intensity ratings for the individual headspace samples
of the three gasolines are presented in Tables 3-4 and 3-5, respectively. The average
detection and recognition threshold values for the summer blend of gasoline were
0.576 and 0.802 ppm, respectively. The odor of the summer gasoline was associated
primarily with gasoline and a chemical odor by the panelists. The average odor

intensity rating of 2.26 for the summer

Table 3-4. Odor Detection and Recognition Thresholds' For Gasoline Headspace
Vapor (in ppm)

Odor Odor Odor
Gasoline Detection Recognition Characteristics®
Summer Blend 0.444 0.741 gasoline, chemical,
0.571 0.833 rubber, smokey, lemony,
0.714 0.833 garbage
avg 0.576+0.08 0.802+0.03
Winter Blend 0.530 1.330 gasoline, kerosene,
0.430 1.080 chemical
0.476 0.952
avg 0.479+0.03 1.121+0.11
Composite Sample 0.457 0.761 gasoline, organic
0.400 0.794 solvent, rancid,
0.566 0.741 alcohol, smokey
avg 0.474+0.05 0.765+0.02

' Mean + Standard Error

2 Combined odor characteristics from each sample within the group.
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Table 3-5. Odor Intensity Values for Gasoline Headspace Vapor Samples

Average Average Qdor Intensity Slope of
Gasoline Conc.(ppm)’ Odor Intensity® at 0 Dilution® Odor Intensity
Summer Blend 20 2.26 3.98 -0.50
Winter Blend 26 2.03 3.04 -0.75
Composite 47 3.33 5.67 -0.39

! Average of the nominal starting concentrations of the samples.

2 Average odor intensity of the last dilution cup (8-fold dilution step).

* Average odor intensity at O dilution, extrapolated value using linear regression (odor
intensity vs. log dilution level).

blend of gasoline, at the highest concentration evaluated (2.27 ppm), indicates that
this gasoline has a relatively weak odor. The average detection and recognition
threshold values for the winter blend of gasoline were 0.479 and 1.12 ppm,
respectively. The odor of the winter gasoline was associated with gasoline and
kerosene by the panelists. The average odor intensity rating for this blend of gasoline,
at the highest concentration evaluated (2.95 ppm) was rated at 2.03 which indicates
that this blend of gasoline also has a weak odor. The average detection and
recognition threshold values for the "composite" blend of gasoline are 0.474 and 0.765
ppm, respectively. The odor of the "composite" gasoline was primarily associated with
gasoline and organic solvents by the panelists. The average odor intensity rating for
this blend of gasoline was rated at 3.33 which indicates that this blend of gasoline has
a weak odor at the highest concentration evaluated (5.43 ppm). The intensity values
for each sample were also extrapolated to a zero (0) dilution and the slope values of
the odor intensity vs. concentration line were also calculated. Since odorant intensity
increases as a function of concentration, these data indicate that the odor intensities
of the summer and winter blends of gasoline are similar, while the odor intensity of the
composite sample is actually less intense than the two blends. The composite sample
of gasoline also has a low slope value, indiéating that the increase in intensity is
smaller as concentration increases, compared with the summer and winter blends of
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gasoline.

The D/T evaluation forms for the dynamic trianéle olfactometer, which include the
perceived odor characteristics of the summer, winter and "composite" blends, are
provided in Appendix B and present the responses of each panelist. The detection
and recognition threshold values for each sample are calculated using this data as
described in Section 2.

Results From the Evaluation of the Gasoline and Oxygenate Mixtures

The threshold values and odor intensity ratings for the headspace samples of the
gasoline-oxygenate mixtures are presented in Tables 3-6 and 3-7, respectively. The
summer blend of gasoline was evaluated in combination with the 99% pure MTBE
(15% volume) and the 97% pure MTBE (3%, 11% and 15% volume). In general, the
odor detection threshold decreased with increases in MTBE concentration. However,
there was no difference between the summer blend of gasoline mixed with 11% MTBE
(97% purity) or 15% MTBE (97% purity). The average detection and recognition
threshold values for the summer blend of gasoline combined with 15% MTBE (99%
purity) were 0.113 ppm and 0.358 ppm, respectively. The odors described by the
panelists for this mixture included organic volatile, gasoline, ether and car exhaust.
The average odor intensity score for this mixture is 4.59 (moderate odor) at the
highest concentration tested (2.95 ppm). In comparison, the average detection and
recognition threshold values for the summer blend of gasoline combined with MTBE
were as follows:

- summer blend + 3% MTBE (97% purity) - 0.5 and 0.696 ppm,
respectively.

- summer blend + 11% MTBE (97% purity) - 0.275 and 0.710 ppm,
respectively. _

- summer blend + 15% MTBE (97% purity) - 0.264 and 0.686 ppm,
respectively.
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Table 3-6. Odor Detection and Recognition Thresholds' For Gasoline-Oxygenate
Headspace Vapor Samples (in ppm)

Odor Odor Odor
Gasoline Detection Recognition Characteristics®
Summer Blend + 15% 0.118 0.410 organic volatile, gasoline,
MTBE (99%) 0.085 0.215 ether, car exhaust, solvent,
0.137 0.448 - fragrance, adhesive
avg 0.113+0.015 0.35840.070
Summer Blend + 3% 0.531 0.800 gasoline, swest, cleaning
MTBE (97%) 0.400 0.537 fluid, gasoline + ether
0.568 0.750
avg 0.500+0.05 0.686+0.080
Summer Blend + 11% 0.341 0.938 gasoline, sweet, benzene,
MTBE (97%) 0.248 0.619 gasoline + ether
0.237 0.574
avg 0.275+0.03 0.710+0.110
Summer Blend + 15% 0.305 0.865 gasoline, sweet, gasoline +
MTBE (97%) 0.279 0.596 ether, oily
0.207 0.586
avg 0.264+0.030 0.686+0.090
Summer Blend + 0.075 0.171 ether, gasoline, chemical
15% ETBE (99%) 0.082 0.154 with gasoline, natural gas,
0.036 0.091 cleaner, alcohol .
avg 0.064+0.010 0.139+0.020
Summer Blend + 0.110 0.160 natural gas, gasoline,
15% TAME (94%) 0.091 0.198 chemical, cleaning fluid,
0.141 0.262 alcohol
avg 0.11440.020 0.207+0.030
Winter Blend + 0.228 0.321 gasoline, chemical, ether,
15% MTBE (97%) 0.230 0.519 solvent, burning, plastic
0.198 0.354
avg 0.219+0.010 0.398+0.060
Composite Sample + 0.105 0.220 sweet gasoline, gasoline
15% MTBE (97%) 0.071 0.150 with ether, alcohol,
0.079 0.184 permanent marker
avg 0.085+0.010 0.185+0.020

' Mean + Standard Error
2 Combined odor characteristics from each sample within the group.
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Table 3-7. Odor Intensity Values for Gasoline-Oxygenate Headspace Vapor Samples

Average Average Odor Intensity Slope of

Gasoline Conc.(ppm)’ Odor Intensity? at 0 Dilution® Odor Intensity
Summer Blend + 26 4.59 6.28 -0.46
15% MTBE (99%)
Summer Blend + 21 3.05 5.45 -0.37
3% MTBE (97%)
Summer Blend + 28 2.95 5.02 -0.42
11% MTBE (97%)
Summer Blend + 31 3.07 515 -0.41
15% MTBE (97%)
Summer Blend + 30 3.92 5.23 -0.59
15% ETBE (99%)
Summer Blend + 26 3.50 5.14 -0.51
15% TAME (94%)
Winter Blend + 27 4.05 543 -0.47
15% MTBE (97%)
Composite Sample 57 4.60 6.33 -0.49
+ 15% MTBE
(97%)

' Average of the nominal starting concentrations of the samples.

2 Average odor intensity of the last dilution cup (8-fold dilution step).

® Average odor intensity at O dilution, extrapolated value using linear regression (odor
intensity vs. log dilution level).

The odors that were described for these mixtures included organic volatile, gasoline,
ether, car exhaust, sweet gasoline and gasoline with ether. The average odor
intensity ratings for these mixtures ranged from 2.9 to 4.6 (weak to moderate odors) at
concentrations ranging from 2.4 ppm to 3.5 ppm. The intensity ratings were
proportional to the recognition thresholds, the higher the recognition threshold
concentration (and therefore the weaker the odor), the lower the intensity rating, the
lower the recognition threshold concentration (and therefore the stronger the odor), the
higher the intensity rating (see Table 3-5 for individual descriptions and intensities).
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The summer blend of gasoline was also mixed with 15% ETBE (99% purity) and also
with 15% TAME (94% purity). The average detection and recognition threshold values
for these mixtures are 0.064 and 0.139 ppm (summer blend + ETBE) and 0.114 and
0.207 ppm (summer blend + TAME). The odors the panelists associated with these
mixtures included ether, gasoline, chemical with gasoline, cleaning fluid and natural
gas. The odor intensity ratings for these mixtures were 3.92 (ETBE mixture) at 3.4
ppm and 3.5 (TAME mixture) at 2.95 ppm. The intensity values for each sample were
also extrapolated to a zero (0) dilution and the slope values of the odor intensity vs.
concentration line were also calculated. Since odorant intensity increases as a
function of concentration, the data indicates that the summer blend + 15% MTBE
(99%) has the most intense odor. The odor of the summer blend of gasoline
combined with MTBE, ETBE or TAME was more intense than the odor of the summer

blend of gasoline alone.

The winter and composite gasolines were each mixed with 15% MTBE (97% purity)
and the average detection and recognition threshold values for these mixtures are
0.219 and 0.398 ppm (winter blend + MTBE) and 0.085 and 0.185 ppm (composite
blend + MTBE). The odor of the winter gasoline - MTBE mixture was associated with
gasoline, chemical and ether by the panelists. The average odor intensity rating for
this mixture was rated at 4.05 which indicates that this blend of gasoline also has a
moderate odor. The odor of the "composite" gasoline - MTBE mixture was associated
with gasoline, gasoline with ether, and permanent marker by the panelists. The
average odor intensity rating for this mixture was rated at 4.60 which indicates that
this blend of gasoline has a moderate odor. The odor intensity of the winter blend of
gasoline combined with MTBE was similar to the intensities of the summer blend
combined with MTBE, ETBE or TAME. Consistent with the composite gasoline alone,
the composite gasoline with 15% MTBE added exhibited the lowest odor intensity
when the starting concentration was taken into consideration.
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The D/T evaluation forms for the dynamic triangle olfactometer, which include the
perceived odor characteristics of the summer, winter and "composite" blends, are
provided in Appendix C and present the responses of each panelist. The detection
and recognition threshold values for each sample are calculated using this data as
described in Section 2.

CONCLUSIONS

MTBE, ETBE and TAME are powerful odorants that are capable of significantly
reducing the odor thresholds of gasoline. The commercial grade of MTBE has an
odor detection threshold of 0.053 ppm in air and 0.045 ppm when in water. The
reduction in the odor threshold of gasoline after the addition of MTBE is dependant on
the amount of MTBE added. There was no reduction in the odor threshold of the
summer blend of gasoline after the addition of 3% (by volume) of commercial grade of
MTBE when compared to the gasoline alone. However, the addition of 11% and 15%
commercial grade MTBE to summer gasoline, resulted in an average 53% reduction
(52% and 54%, respectively) in the odor threshold of the summer gasoline blend
alone. There was an 80% decrease in the detection threshold of the summer blend
when 15% MTBE (99% purity) was added.

The odor thresholds of the three gasolines were similar, ranging from 0.474 ppm to
0.576 ppm. The addition of commercial grade MTBE (15%) to the three gasoline
blends resulted in reductions in the odor detection thresholds ranging from 54% to
82%. The most significant reduction was seen with the addition of MTBE to the
composite gasoline sample. The reason for this large reduction is unknown.

Finally, a comparison of the summer blend of gasoline combined with MTBE, ETBE or
TAME yielded results consistent with the odor detection thresholds of the oxygenates
themselves. Previous investigations have shown ETBE to be the most odorous
oxygenate (TRC, 1993a), followed by TAME (TRC, 1993b) then MTBE. The addition
of ETBE or TAME to the summer blend produced an 89% and 80% decrease,
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respectively, in the odor threshold of the summer blend alone. The order of the odor
detection thresholds (from lowest to highest) is: summer blend + ETBE (0.064 ppm) <
summer blend + TAME (0.114 ppm) < summer blend + commercial grade MTBE
(0.264 ppm).

It is evident from the data therefore, that the addition of 11% to 15% (by volume)
MTBE, as well as 15% (by volume) TAME or ETBE to gasoline results in a significant
reduction in the odor detection and recognition thresholds of gasoline. This decrease
in the odor threshold was also associated with an increase in the odor intensity of the
oxygenated gasoline.
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EDgq Evaluation Form for Dynamic Triangle Olfactometer
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EDgqy Evaluation Form for Dynamic Triangle Olfactometer

Sample: gizze_~ B -
: LES 2/
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No. _ (t = top, c = center, b = bottom) £z ,/5Fpp
71 7V 31 21 71 1
Panelist dicated:
1 \~J_C’C\/) 5‘/ T; s B_’-S 7: C{ pudhe M/ ﬂf-‘tSo);J. .
—2 | Ann 301 Nafll BVl WOPR (Y N KCE
3 \j,l[ & ﬁl\l /I\/' =L 1;/ (C} s pe
s | Dok 3 Bu] Cul B K Bl Tol G Lo
5 Mary B Cod Byl Bl T ) Ol et
6 Kl}f)" (,’/\/ %, ‘55' % Cﬂ Cem 7!?// S
7 Ké\fen T 7;(,) ﬁl\ BZ {‘f Cé
8
9 |
r:,u/g,.g ',/7
_10 cogn.h n 21
Frequency Tally J [ [ {
, —
Average Rank s | & 7 For .
R /_‘ ) Rank Count:
cc (] =y .
37 Vedues /’ >/ 7 / T
X = Plotting Value 7 1 2
Recogn-tr10n cqq b ass” 3
Cos' o lves :5-::
¥
Y = Log(Tolerance £3 <) ot hia® 13 A
Level) 5087 [2577 1A \ ) %_- -
Log(Dilution 3
Factor) 10
Dilution
Level No. <1l 1 2 3 4 5 6 un
glot Y versus X Panel Leader ,(./(Vn.{,
at Ve $d6 Tam TN R

A-2

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale




API PUBLx4592 94 EE 0732290 051h7449 23T W

EDgq Evaluation Form for amic Triangle Olfactometer

Sample: pI7 /5T — g: /i3 np v
: 2.0/ 103
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AQUEOUS MTBE ODOR THRESHOLD STUDY DATA SHEET!

D/T recognition = 16.82 (0.044 ppm)

'Panelists had the option of choosing 1 of 3 flasks per dilution group. The ietter

of the correct flask (A, B, or C) for each dilution heads the column. Each

panelist then rated the chosen flask, where:

n = nothing

d = different from other two flasks, but cannot rank on butanol scale
1-§ = butanol scale ranking (8 highest possible ranking)

2The detection threshold was determined by a linear regression method

[ rocogniton

Not for Resale

Round 1
Starting concentration = 0.740 ppm
A B C [ A B Odor
Panelist {0.023 ppm) 1(0.046 ppm) 1{0.093 ppm) 1(0.185 ppm} [(0.370 ppm) [(0.740 ppm) | Characteristics
Nolya C. C e C C A B medicine, alcohol
5 5 5
Alma D. B c A alcohol
Terry A. C [o} B ether, sweet
Don P. A o] A B hospital, medicine|
4 4
Mary S. [+ o] A B rubbing alcohol
3 3
Florence T. A C A B medicine
2 3
frene C. C A B rubbing alcohol
1 2
Frequency Tally 1 1
(detection)
Frequency Tally 1 1 2
{L{recognition)
Results?: D/T detection = 15.35 (0.048 ppm)
D/T recognition = 11.38 (0.065 ppm)
Round 2
Starting concentration = 0.740 ppm
A B C C A B Odor
Panelist (0.023 ppm)_{0.046 ppm) 1(0.093 ppm) |{0.185 ppm) |(0.370 ppm) |(0.740 ppm) | Characteristics
Nolya C. A [} : o] A B medicine, ether
n 3 3 4
AlmaD. A Cc A B hospital
3 35 2
Terry A. B A C A B sweet, alcohol
d 1 2 25
Don P. A A C A B alcohol
n 2 2 3
Mary S. B (o] c A B hospital
d 2 2.5 3
Florence T. C A B A 8 medicine
d n n 3.5
lrene C. B C A B rubbing alcohol
' n n 2
[Frequency Tally 1 4
(detection)
Frequency Tally 1 3 2 1
(recognition)
Results?: D/T detection = 17.95 (0.041 ppm)




API PUBLx4592 94 B 0732290 0517451 998 M

MTBE-TASTE THRESHOLD STUDY DATA SHEET!

Round 1
Starting concentration = 0.740 ppm
1 3 5 6 7 8 “Taste
Panelist (0.023 ppm) (Blank) _(0.093 ppm}{0.185 ppm})(0.370 ppm) | (Blank) [0.740 ppm) Characteristics
Nolya C. - - + + + - + bitter, nasty
Alma D. - - + + + - +
Terry A. - ' - - - - - + nauseating
Don P. - - - - - - +
Mary S. - - + + - + rubbing alcohol
Florence T. - - - To- - - +
Irene C. - - + + - +
Frequency Tally 3
{detection)
Result?: D/T detection = 19 (0.039 ppm)
Round 2
Starting concentration = 0.740 ppm
1 2 3 4 5 € 7 8 Taste
Panelist (0.023 ppm) |(0.046 ppm) | (Blank)  (0.093 ppm)0.185 ppm)(0.370 ppm) | (Blank) (0.740 ppm)| Characteristics
Nolya C. + - + + + - + nasty
Alma D. - + + + - +
Terry A. - - - - - - + rubbing alcohol
Don P. - - - - - - +
Mary S. - - + + - + bitter
Florence T. - - - - - +
Irene C. - - + + - + bitter
Frequency Tally 1 3 3
{detection)
Result?: D/T detection = 19 (0.039 ppm)

!Panelists compared each test sample with a water reference and rated them either ™" (not different from
water) or "+" (different from water).

*The detection threshold was calculated using a linear regression method
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20 pp
QSO Evaluation Form for amic Triangle Olfactometer
Sample: ga_o, A - Svrmm e~ .
' i rELO8. faen /, S 27
Evaluation Date: __£//¢€ RESULT: Log EDsg = /.5~ EDgg = ¢/
Dilution Level Numberl l dehechon. ©,994ppm
b 1 4 5 6 1" |. . LG pp
Cons. { Panelist orrect Choice Would Be: feedgnpen: 0TS LL P
No. (t = top, ¢ = center, b = bottom) _ AT
71 718 1 21 Tl Ko ks byt £ '
Panelist Indicated:
7 g — ook
1 Foeen 4 ‘%71\/ 5) 7 N Cue | 5 e me
2 Ao lgon Cn (;u @ q-zl robbyr
. ) o W4
3 A lmac L) B a‘f (&_'Jz‘\ )\"t:’ké—:‘jr‘}i-
4 JAloary Car | B (/':E.j ) Cs | garefine
5 Terry Co ) @ C,.s | sertlae
6 | son Co ) Co ) 7o Kgz| 5eo
7 e A o ) 7 ﬂg) Gi | geoline
/, " N -
8
9 |
Frepennty Ta ]
10 rewc;n,hcrj: ! 2. H
Frequency Tally 1 j 3 2.
Average Rank ] z 4 ws For
fuaﬁ,,,-hcn i Rank Count:
valves '/ /2«5/55 :
1
X = Plotting Value st =61 o | .9 2
receg - fren ~las” -9 -7 %
velueS 4
, $
Y = Log(Tolerance g\‘\ c\f«'l’ 545 \>\‘>'€ 7
Level) 1 \ \ g
Log(Dilution 18
Factor)
Dilution
Level No, <l 1 2 3 4 5 6 | "1

Plot Y versus X Panel Leader Z Vgémw}

Y at X=0 {3 Log EDSO

B-1
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ED., Evaluation Form for amic Triangle Olfactometer

Sample: /3&-(1 2 - Svrm mni? 20{9/
Evaluation Date: __¢&//& RESULT: Log EDgq = )55~ EDgg = 26
Dilution Level Number ;
| S 4 | s | 6 [n |dkehonz 0S71 ppm
Cons., { Panelist orrect Choice Wou T her= 0.9
No. (t = top, c = center, b = bottom) recegahen=0.533 ppam
4 71 s> T 71T L= vl
Panelist Indicated: % ek by T
1| Joan MO A EAEA
2 N o/yo Cx\ Tn C, |4
3 | Alma B | Ty s
& | Mary T2 | By (Tell Cs | srsofne
J
s | Tery Cul Byl Cv ORI 522),
6 Ku 14 Cvl By Caf &Y
7 BdSy Cwl Cu T4 m | =)
8
s | |
IGCency Fas?
_1o recoin. 1—? chn Y H ! Z i
Frequency Tally l ! I 3 3
Average Rank | 3 é . For
L 1 - Rank Count:
ltcoga e
Vol { 28 /5.5 / / ’
X = Plotting Value -1 -.232| 67 %
/dCac'7.1 hen —it 8 . tl? Y 4
valve- 7 _2-
Y = Log(Tolerance < 2l 585 ] ¢ ,
Level) 2> ! R .l~> v Z
9
Log(Dilution
Factor) 10
Dilution
Level No. <l 1 2 3 4

Panel Leader

‘i\?lot Y versus X
Y at X=0 {3 Llog ED¢gq

B-2
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ED5q

S ample':

7 7 A
émq‘ & o

&

20 pp 7

Evaluatiion Form for Dynamic Triangle Olfactometer

2_. o/

[1L86G0, e /%5
Evaluation Date: wlie RESULT: Log EDgg = ;.¢/s EDgy = 2£°
Dilution Level Number
* 1 4 5 6 " N i
Cons. { Panelist orrect Cholce Wou T Lv7 dlechen: 0774 ppm
No. (t = top, ¢ = center, b = bottom) /eccymﬁcn,- 0.53 3”,,‘,
4t -1 s AT =T 1 T ks idyT A2
- X gnfrd= A2
Panelist Indicated: -(
1 | Jazn T | Byl By & AN AR &
_2 | Mot Novlm ol oA adogn ~4
3 | Ao S T | B Byl Cy Y3} il
- A /
4 /}74/?/ wZ2 W, C//ﬁ/ (129 geoefrns
s | Tewy ey Bul Crl iRl | 22
6 | Aur 2oy Bl CH Ta | SulTR)| s~#de-
1 | Lersy N 8vl B Byl W N(Ta)| Cpl gortfre
8
9
}7@47(/&::;9 Tptly .
10 feccgmafien / z #H
Frequency Tally [ 3 2
Average Rank ' = ¢ For
recc .. hron I Jas )ss Rank Count:
valoves / / / ’
1
X = Plotting Value -l -3 2] L0 3
/eza.c/'m-/-.-onj st — 49 q? —g_
Y = Log(Tolerance 55| st %
Level) \'q”' l* [ -Z'
9
Log(Dilution
- Factor) 1
Dilutien
Level No. <1l 1 2 3 4 5 6 Yl
‘r;los :I’ versus X o Panel Leader /’“"/ »/.’/ /; PR

. Copyright American Petroleum Institute
4 Provided by IHS under license with API

i No reproduction or networking permitted without license from IHS Not for Resale
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22

EDgq Evaluation Form for Dynamic Triangle Olfactometer

Sample: (et fon S0 D )
’ secoSnfron /38 2¢
Evaluation Date: b/l¢ RESULT: Log ED;O = 178 EDgg = (0O
Dilution Level Number
‘ 1 4 3 6 ngn ' o"‘t;/’i”“ d&'é‘:'{‘?’
Cons. | Panelist orrect Choice Wou T 1:33ppm fdw?n'/l'o
No. (t = tl:op, ¢ = center, b = bottom)
|
- ] J ' I 5 1 L AI: 2.0
Panelist Indicated:
— :
1 | Gan GX &l ]
2 | Melye (o) 8o | & G
3 | Alma 2 W28 el [,
8 | Mlery co 1B | o
/- .
s | Ty Cw | WG
- — = =
6 | 4 vl Nl ()l e
2 | Aehy c | ml ¢
L
8 |
. | i
reQuenc IL
_]__o /i E? 05,-?. 7:‘;».7 l ! 2 y
Frequency Tally l / 2 ] 3 j
Average Rank / 251 5 7 For
recosi: Ak / 2.5) 55 Rank Count:
rgues / .
/ 1
X = Plotting Value : =1 =19y 32 | g 2
recosn. hea /457 T, 4G 9 -2—
va/esS 5
Y = Log(Tolerance e | .49% :-5”’; ;;)"/ ’g_
Level) # _ ' 8
9
Log(Dilution
Factor) 10
"Dilution
Level No. <1 1 2] 3| 4 5 6
?_195 X_Xefgug -}.{ — Panel Leader /‘%Q

B-4
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26 ppo 7

EDg, Evaluation Form for Dynamic Triangle Olfactometer

Sample:

= - (S e A

oo ahen 233 '?/
Evaluation Date: s/ 6 RESULT: Log EDgg = ) 7g EDgq = (O
Dilution Level Number .
1 4_1 5 | 6 [m | oiysym sbechm
Cons, { Panelist orrect Choice Wou T g 4
No. t = top, ¢ = center, b = bottom) [+C3ppm recogn R
7 I 7 | /3 l 73 l 7~ 'C I _ - A
- 5 rn/fns-t"lf 2. C
Panelist Indicated:
- = 4
) g /)
2 | atotys | BA Cv| C BN Ty i
3 Alat N T Tl BM Avl Tv faind paaeu
— )
s | Maryr Y 7oA B Cl (Bd) T Co| groritome
5 f'/fc/ 7oy Cac\ C) 7w (T4 ) (3| Saoqtone
6 | A7k B L) TiA CA Y Cal chorpread
- N = = y
7 ﬂdsf Zo § T | CABIY Tl C, | seotfe-
8
9
Eregttnce 7a
10 f;?cn’; 57 I ! S
Frequency Tally ' j I el 3 ]
i Average Rank i R - -7 For .
,‘ L _ Rank Count:
! reces. . Fren //2,5’ ;,)/ )
a oles / :
| X = Plotting Value s =ug | 3| pas ?
rec o5, . Frem Q- 4
T ales ~=l15 - 4§ .¢9 ‘5’
Y = Log(Tolerance 4 - ? A
Level) i il A [ g
9
Log(Dilution
Factor) 10
Dilution
Level No. <l 1 2 3 4 5 6 A
[ . //,/ TN
Plot Y versus X Panel Leader ot T L

Copyright American Petroleum Institute
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20 Yk

EDgq Evaluation Form for amic Triangle Ol€factometer

Sample: (M .
' fecaci frien /32 -/
Evaluation Date: c//é RESULT: Log EDgg = /2 EDgy = 2)2.
‘ Dilution Level Number
| ; | 3 [ 4 | s | 6 v | covropmidhehe
Cons.{ Panelist orrect Choice Wou T s . be
No. (t = top, ¢ = center, b = bottom) 0 « 95 2Hffm frognic.
7 _ 7 £ > 7 C’ 'x’.-,zkmv/“j: 2.10
1 |Ve Cent
-2
3 i Hone
4 M
5 e
6
7 Pﬂ»‘—
8
9 = —_
A ncy ell
_10 fzcoq..’.ﬁ;n 7 ' { | 5
Frequency Tally { l ! 1. 3
Average Rank ] Z 35| ¢ For
recegn . fen ! Count:
velves / = / 5 / / :
- L
X = Plotting Value =l1e o7 b 6T _§-—
/ecoc,m./zén AT -7 .32 &
valves ) ’ 5
[ 6
Y = Log(Tolerance 3 Jd 55" 1.
Level) R VR i [5* HISE 8 .
Log(Dilution 1(9)
Factor)
Dilution
T

Level No. <l 1 2 3 4 5 6/2 ngm

Plot Y versus X Panel Leader /// D,

YV at Ymh 4o TAn TN

B-6
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(/f/a/’*‘z
EDyq Evaluation Form for Dynamic Triangle Olfactometer
Sample: (ompos k = 7
V4
. L0 WL
Evaluation Date: 2[4 RESULT: Log EDgy = 7,07 EDgy ™ /7
Dilution Level Number
. 1 4 nan | behon' 0.957
Cons. | Panelist orrect Choice Wou : 2 : : ,-d . e
No. t = top, ¢ = center, b = bottom) eeasnihon ‘)"7‘”//’"7
z 1l 7121 21 7 Jc 1 Kk b 23,7 |
Panelist Indicated: o .‘5"_7 o
1 | D VCo ) Bul (Bl T a4
TJeon oM [0 A A A~
2 N A =7 I Cs Jstoo e
3 /;\,/.'ﬁ/wﬂ_, C/‘/ //A/ _’/\/ <B; ‘r.'] Cz, ?415
4 . ~ = .
& 7k Bul T} B Bal 7 |1C, | 924
—_ —_ '
5 Yoz ® 7O A B /’T'N/ Cs :;‘wd-fuuv
- e 3 . R
6 | e VBvRCM) BATy VTHYC: | oifiensr
7 K st m C/", /;N' <o r/?ﬁ . fé ("v it
N '
8
9
Froqierncy 7atly .
_10 recosn. o | pr Y
Frequency Tally pu 3 L
Average Rank 1S}y ¢ 5 For
receg e Ao / /—17 ’7 cs’ / Count:
Latue s /// /// )
1
X = Plotting Value i 59 2]
—_— - -3-
recoshhon s " =99 44 L ‘s*
Y = Log(Tolerance 5 M IV IPTe [ :{
Level) ¥ V' v =3
Log(Dilution 7 19
Factor) 0
Dilution
Level No. <1 1 2 3 4 5

Plot Y versus X

Y at X=0 is Log EDSO

Copyright American Petroleum Institute
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SC o
ED.q Evaluation Form for Dynamic Triangle Olfactometer
Sample: /)ﬁ’?u.[)(ISr A F =z .
: /. 50 63
Evaluation Date: 207 RESULT: Log EDgy = 709 EDgy = ;25
Dilution Level Number |
) 1 o Al A o
Cf;nso Panelist | (orrect: oice Wou & : -2 § 19 Jdckehon. CTeY pra
o, _ t = top, ¢ = center, b = bottom) (2, hiw [ 0794 4 ps
1 2l 21 AT 5171 _ -
Panelist Indicated: 7 ke by 2,51
) —— ) - - ] .
1 Trane. /A c \B/i /5] 67_ rg;:md’
2 Jogn Ca 8 T Vo) Bzl 7 Cosl|satnd
‘ — = \
3 | NMefooe W ON TV (BA) Tal Cs| 52} 7omse
—" 4 P / —
s | Toa BB TARBI T Tol| Cod gk
5 o, CvY 1o G| BATH s | 54
/ .
6 > Ll Ca o774 A, /47 CS wrp N
4 : ' r,
7 (/e Cr d hulcn /f?a’). il C, | gt
— -
8
5 |
Frepuenty Te
10 | prileniy e il 2zl 4
Frequency Tally 2 2 1 24
Average Rank 2 y.s" | é R ~ For.
. Rank Count:
reco n:/’?f "~/ ‘
5 Vadoes ' ! 2 "; $-9 / )
oy
X = Plotting Value . 671 .i6}) .59 . 2
receSn it on . ’ - N
e 5Vn/¢:?.5 {13 49 1‘7{‘, i
" x4
Y = Log(Tolerance g"’\ advl g 2
Level) % v b 8
Log(Dilution 7 H
Factor) 10
Dilution
5 "

Level No. <l 1 2 3 4 6 "
,Plot Y versus X Panel Leader /4/ ){%{?zz‘nzj

B-8
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‘7/2

ladas
EDg Evaluation Form for Dynamic Triangle Olfactometer
Sample: /?;»44705, A FES
—— i LZ¢& 55
Evaluation Date: /[y RESULT: Log ED§° = ;29 EDgg= 7,
Dilution Level Number , ,
. $ 1 4 5 6 - "7" ‘/L /é’ é’c’,’u = ./’,.‘?é-’
Cons. | Panelist orrect Choice Wou T ”
No. (t = top, ¢ = center, b = bottom) gy sy 6,944
' w1l o 201 17 1] e
Panelist Indicated: - [ -
T . b v ’ x;nfr-?._g’,-
1 «’D:'('. L8 _ 7;" [19/)/7 '75' (’ 2 rancrd 27
el i P
2 | TJoan Do VB 7o | 7 | 728oene
‘ 23 }
3 | Nelwe co VEZl @l G \#syialetl
4 '/77"L /7%57) ?%ﬁb ’1C; (:E? g%vnﬂ-;<,
i . l‘ / ‘
5 /Z’/ 7 »C,\’l/‘/( /2) Y, / / / /, ) .",'41'7’/’/ 4
— , ) 1 -
6 ’ e Zﬂ 7,:,‘ _//(,} 1 / C(l«?/"*/ i
i ) ~— ’
7 oo G VBN 72 |G | smnd @ens
' ="
8
9
Freqwney Tag
10 | ecosn. prom N i 2
Frequency Tally H ! L{ | |
Average Rank / 3514 7 For
&“7/“/70:‘ l/a,/b&.S i/ 3/ = Z 5, Rank Count:
AT —-tg & /,.‘-" ,]_'_
X = Plotting Value R S 2
Recosm o vuteh ool e e 2
'S,
. -, - 6
Y = Log(Tolerance oM Yl P .k 7T
Level) IS \ 8
Log(Dilution lg
Factor)
Dilution
Level No. <l 1 2 3 4

Plot Y versus X
Y at X=0 is Log EDso
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APPENDIX C
GASOLINE-OXYGENATE HEADSPACE VAPOR DATA SHEETS

il _mmy®m Lim .l . um
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‘Zé //r\/\

ED;q Evaluation Form for Dynamic Triangle Olfactometer

Sample: _ ree 7Aed )~ 99% =TV .
~ S g T\ end (20060 hom /. 5O &>
. {A~\'p & [} g -
Evaluation Date: o~ e S5 RESULT: Log Eéo = 2.3y EDSO 2
Dilution Level Number N
c Panelist foel 2 4 | 5 I 6 | v dekchen (0005 ppw
ons., anelis orrect Choice Wou : wFrop b 041
No. (t = top, c = center, b = bottom) fecegtion Lol ppr
Tl &8 Je Tt Tc ] RPNy
Panelist Indicated:
_1 Drér T oL ’ZBA) i 1Cs 1 A
- Cirenvehl
-2 Alee E R eﬁ'l la JCs n\»; e: soling
\ w—
3 Qu\tl-\ @)b & K] (7 g e
— — 5_’,:)0 W T
4 3 oMce p\.N (l%cl _m C Y rwgnu* :f;
5 Ten T,; Q\ MT u c g | srs
6 NER 4/:1)! 6 'Tr?\ C 15| ers
~ -
7 Joan 61. P\,'s L) 5 ‘Lm"'"z“‘\/‘”“7
8
9 |
Fregoe rell .
10 r a":'r, .,".7: o/ | > ' >
Frequency Tally 2 I Y I
Average Rank N 5.5 For
Rank Count:
reeg s / / /b / /
va lJeS .
PN
X = Plotting Value =¥ | g . 5
V(C“j‘:/;{'l,i,;j -y —32 6'(.57 ?
4 _ | 6
Y = Log(Tolerance | .S\ Yy : 2 s
Level) 5y 3"’37 72 W A% 42 ¥ I %
Log(Dilution 7 lg
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 nom

lglqg :x: versus x _‘—I Panel Leader [ N Wi

C-1
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Lé’/ﬂ /11

EDg, Evaluation Form for Dynamic Triangle Olfactometer

Sample: ~ MIRE-Acco - G99 Rac, B> .
Sy @rend [fcoa. 2.0 12/
Evaluation Date: __{-s 53 RESULT: Log EDgg = 2.¢§ EDgy = 305~
Dilution Level Number —
1 [ 5 6 | "y ' Jtl,“/”“"‘: 0:085 pprv
Cons. | Panelist [Correct Choice Wou T fecoguhon’ 0215 pp!
No. t = top, ¢ = center, b = bottom) — .
vl tlef o1 Jc ] Rty
Panelist Indicated:
1 D o 17, =N Z% . JCe [T foenotie
PN PO [N G T Y P s o
3 | Qo £ N [ =5 il T B D
4 jo\«f.; ' d) ’Bﬂj T= Ct.l Pereome
5 Jenn Co} B B | T | Cs eesetds
6 3.4 Co 1T [Rul @I ] [7dee
P w— -~ —_—
7 23 0N ) a 1 1) %-;, %g ) ud] ﬁ § é‘“‘/(u Coe b CaL
8
9 ,
Fregncy Jol, -7
‘_10 reeChn. ’:/t‘\ “7 { i H [}
Frequency Tally | 2 3
Average Rank l 3 b For
| P Rank Count:
recec,. . he AN :
(1A l/a_;u&j / /7 / /
11
X = Plotting Value|-r.1s7]. -2 | .09 : ) ?
ecogmbien =y Ve Y e Y opas J i
valves /lé’
Y = Log(Tolerance .
Level) o F 25 | 145|159 [ % s
Log(Dilution | 18
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 g
) ;7‘ |
Plot Y versus X Panel Leader N oo
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EDgyq Evaluation Form for Dynamic Triangle Olfactometer

Sample: . Mree - arco-99% -» R C ]
~SumMR A las blead oo ko Le P d
Evaluation Date: Lo a2 RESULT: Log EDgg = 7,1¥ EDgg = /0 |
Dilution Level Number ; .
1 s | 5 [ g [ogn | &b 00200
Cons. | Panelist [ Correct Cholce Wou T lecin Ao 0.44's ppv
No. (t = top, ¢ = center, b = bottom) ST R
TI1IT 1l 3l® I+ JcT xmr g /
Panelist Indicated:
po— e 606 L
1 DI’CL gN I Bﬁ (Qﬂ | 2 C3 oCs{\E-r ;Evro\erf'.i BY-EY
._2 A l Y ?)'4 T @ i TL C5 Cderridal. ovoe
3 | Qum e I S B I AN
4 Jovyce B Co | Pu @ w | Cs Qeergd
3 { den Co JTa 12, J@I 7B | o feus g
6 jl t) Bﬂ ——,.) C” @i T'/I- C' Aone 1y
,- —
7 Noad Bw d (-)m B'z- i ¥y Cs’ cnert
8 l
2 7
req e, Tall
_1o0 ! !Cct.tmm ! - s
| Frequency Tally | I y3 b
i For
Average Rank / e oF ats
f fu,c_—j,,.hc» _ ,
: values xe y P
| a1
X = Plotting Value STy~ 4G ] Y4 : ) 2]
- recegn. her - &9 D o Yg _2_4_
Y Vaolves -‘5_‘
z
Y = Log(Tolerance .
Level) 3053 |25 | 1442 [iS¥ | [ %“
Log(Dilution | 18
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 nwn

Elot Y versus X —I Panel Leader m_bw\ .

C3
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EDgq Evaluation Form for Dynamic Triangle Olfactometer

Sample: 3. 7 BE — Semmes (20ppm ) 2
, 7eoq o 1 .S~ 25~
Evaluation Date: &/i12 RESULT: Log EDgg = /(7 EDgq = ¢
Dilution Level Number ,
L1 & 1 s | efmmi; -5
Cons. ] Panelist orrect Choice Wou : oekchen > lerm
No. ‘ (t = top, ¢ = center, b = bottom) feccon bicn<0:52 pp
zlzr le e T 7Tc] < ks 21 ]
. P IS W SW R IR
Panelist Indicated: X

Yo | o) 20 | BC) g
I Wov Serid Weld WA ME R\ o 2
Clnererr WO Y G} Cw | C o d >€ﬂ Fenlrs
I E22 T R ) B e
2L A 5”@T-t C‘fﬂ‘i’i"ww
Moy BV 7V 7
s Go | Tv | Cw 34(7111%@ o

oo [ o o o b o |

Fregqvency Tpdl
10 fCL“jh. cr?

Frequency Tally

{
e
/:.(- S For
. A / Rank Count:
X = Plotting Value . —-$9] .32

ﬂtas::a.j'u"’; -I./S’ ‘.3L '67 1
(2 =

Averagé Rank
/(—Cas,.. . Ao
vofe s

\__—_-
\u.

provfrul

I=1L1o 1 cY
B el < s R [N [

(=277 ]

Log(Dilution
Factor)

Dilution

Level No. <l 1 2 3 4 5 Gﬂ tgn
Plot Y versus X Panel Leader //

W ate Voun v T an TN

[

C-4
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ED;y Evaluation Form for Dynamic Triangle Olfactometer
Sample: S0 MTRE g SornrmeT 3 .
/19" 2§
Evaluation Date: ___8//7 RESULT: Log EDgy = /.57 EDgy = 37
Dilution lLevel Number
) 1 2 4 nwon | pehchenz 0.568 g0m
Cons. | Panelist orrect Choice Would Be: -3 l 8 I Z ,-/ﬂ
No. (t = top, ¢ = center, b = bottom) recegntiens 8.5 ppor
l L l I ' ' - ! 1 LI B
" kmzer5t 3, 23
Panelist Indicated:
1 o1 Candl I/ WYY é/j ot 7
s " — — y;zc e,
_2 1Lt V24 Vcﬂg\ /d i e Se
3 =l vl B2l 75 é ja;::;%s::/af/
& | Tun eV ZNGH ¢ olhe, porgén
4 7 ~ 5/\/ / / 3 Y7274 11«7' f), <
5 Do | 7 N Cy | serefae
§ ary Cw ) B (7 Cz |2t (“ Gart'y s et
7 | T /'y Tob (72 Cs 5"‘4“”;‘"? (e
8
9 51 2
Ffﬂ,‘/&h&y Tt
10 /ttosn.:ha-\y I 5 {
Frequency Tally
Average Rank ] ‘/ 7 For
1 YeCognitfion vales — Rank Count:
|
. ‘ 1
X = Plotting Value LI BN ALY 2
ff(¢51\ 1510 A 3
valuws -.32" .§9 4
Y = Log(Tolerance =S - [ 6
Level) .95 »""55 (',5&" 8
Log(Dilution 13
Factor)
Dilution
Level No. <l 1 2 3 4 5,1
| | 2 |
Plot Y versus X Panel A o/
Y ot X=0 I ton ED.. anel Leader [ 1
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ED;q Evaluation Form for amic Triangle Olfactometer

Sample: 3% MFBE - Svaprer ();Z//)m) i'z_
: é e ' - -
Evaluation Date 42 RESULT: Log EDgy = /.5y EDgy = 535
‘ Dilution Level Number
. . b1 l ; l : I 4 I n9n bon=0.90
Cons. { Panelist orrect Choice Wou s 2 L e I Z Jebetuon - oo
No. , t = top, ¢ = center, b = bottom) keegn-hen = 0-531p 1y
l. L ' I l I X‘l"‘kﬂ?fL'?’;‘“?I
Panelist Indicated:
1 Lo ' Cw ol | 22 e
2 | Zrens Co | By Ca | fed
_3 | Blunce R Cu ) b (s fproolipr
- \
4 Leccof 2 i"/ C3 mw
S [in Tw ‘v C3 W L
6 | % W, N [ ot
7 Tt/ C Y 2 NC .3 Muf u/é&wxf 'Jﬂ
8
9
Freguveney Tall
_m recog ,7,¢—, ony / [
Frequency Tally 32 o
Average Rank 2, |55 For .
recoga.fron Rank Count:
Vorntees I Sy 5—/ / .
1
X = Plotting Value . -7 Y5 2
7recSh ifon . 3
valves ~hi5 e lso
Y = Log(Tolerance - ;
Level) 1942 1555 J ;
Log(Dilution 2
Factor) 10

Di%‘utign
evel No, <1 1 2 3 4 5 6 ngn

Plot Y versus X Panel Leader %r// M

Y at X=0 i{s Log EDso
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EDgq Evaluation Form for Dynamic Triangle Olfactometer

. pr——
Sample: [[T0 MTBE + Supwmun (aol vp #|
' : l’i(ﬂ&q,/)c% 12X/ 52_
Evaluation Date: £/77 RESULT: Llog E?o = Gy EDgg= 9%
Dilution Level Number
1 4 5 [ 6 | wgn |dedchon 0391 ppm
Cons. { Panelist ['Correct Cholce Wou T 635
No. (t = top, ¢ = center, b = bottom) fecagnren: 6935 PP ¥
zl 7 Ve Ve 177 18] Tonkonn bys 271
Panelist Indicated: W <
1 Arr27 T\ | 77
2 7o n® I%D I s e
3 20, ~€
3 ) Cgl iz
4 o/l (Y e > A
2 Tz-| C Mjf;"/
6 ol C» mi‘;,w
- /'
7 T ) COBY 7
8
9 caline
10 fichmh(/‘ H f/ 2 é
Frequency Tally i 2 1. 3
Average Rank 15 3.y | ¢ Fgr_
reced s e - — Rank Count:
7 Wedues //b/;')/ b/ :
1
Xw Piotting:aiue . ~$55 500 1 67 L _%_
wihat . )
COS Velves ~8G -1b ) L7 —%'-
Y = Log(Tolerance - 390
Level) 2-"‘-' paAx |1 \-\{‘K [ —g-—
9
Log(Dilutien
Factor) 10
Dilution

Level No, <l 1 2 3 4 5 gl ST
“at Y versus X Panel Leader /" ;att’zra:; )

ate VN L n T TN
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EDgy Evaluation Form for Dynamic Triangle Olfactometer
Sample: [l T4 pp7BE T Gl vz 7z .
' Jmﬁ«’)\ Jifn % vz —
Evaluation Date: i RESULT: Log Eéo = 5,2 EDgg = 105~
Dilution Level Number o )
1 4 S , 6 I nyn afckcﬁ@,. O.Z‘ﬁ/’ﬂﬂ'

Cons. | Panelist | Correct Choice Wou : . P RAL
No. , (t = top, ¢ = center, b = bottom) /tiosn 'h’”'(_)'é/?/"/’"/’

[ 1T T T T T Jrmkoiy3H

Panelist Indicated:
Aon 2 00 B I I e
/

1
Z7 oy 7
3 | Floence Co KB = [t
4 T : N @ ﬁ Oz ;;4 ‘f;,é,.,q.}wrf
5 Do CHl By Ca | 5%y
§ Lz, Cis | sood Ae Fotenatite .
7 J{ // C;_ M%ﬂ ) /ava—f’
8
9
Fregqoene Tasl
_lo e el hea ” I 214 /
Frequency Tally / %) /
Average Rank / v 17 For
I'(ct‘j’n./"‘lvl 1S L/.s" -7 Rank Count:
Velie S / .
1
X = Plotting Value . -5} o N 2 !
/ucjb‘;:/f:; -3 Jas g
6
Y = Log(Tolerance . ;
Level) t}.f“f [-‘147’ IE s< [,.IS'Q/ I &
9
Log(Dilution
_ Factor) 10
Dilution

Level No. <1 1 2 3 4 5 %
Plot Y versus X Panel Leader //EZ\ L sC &)

V ate Vol da Tan TN
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2T g

amic Triangle Olfactometer

/7 ?,) MT&C’//’SWM %

. EDsg Evaluation Form for Dyn g
Sample:

YXIT b(%

/167

g7

Evaluation Date:

%/17 RESULT: Log EDs,

206 EDso ™ ji

Dilution Level Number .
1 415 | 6 [vgw | dbchm’ 0257
Cons. | Panelist orrect Choice Wou T . .
No. (t = top, ¢ = center, b = bottom) recoge han- 0. 579/
7 l 7 I 73 l r<3 l 7_ ' < I (11 ,-'{,51117 S At
d‘éﬂ«uz
1 koo 7
2 ‘
3 ZUL
7, o
&4 ,// Y 5‘&/@(}4&»—»
»ﬁ
5 Y ZZsr 2 7
Y reasd
6 ::/, swee?
7 [~
8
9 o 7z
10 recegn . her %._I 5
Frequency Tally I / & l
Average Rank { §es Ran For
rec €S },‘,-7, /‘ 5/ 5 Count:
velves / )
. ] _1 |
X = Plotting Value =f5] *16 ' 2
mehih - 37
rece Cmioes ¥7 :
7 \6/
Y = Log(Tolerance M 1%
Level) ,l‘{lt\ \0\5\ | (.5 __g—-
Log(Dilution 7 18
Factor)
Dilution
Level No. <l 1 2 3 4 A

Plot Y versus X

VWV ada Vet T a T e T

Copyright American Petroleum Institute
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EDyy Evaluation Form for Dynamic Triangle Olfactometer

Sample: ‘/_*5 Jo__ M 755 . @d%ﬁ{.ﬁ zZ /
: /e egn -« hor 57 27
. /: * - ' . - : .
Evaluation Date: i RESULT: Log EDgqg = 2.0 EDgq
Dilution lLevel Number _
L2 & | 5 1 6 | "y |debchen: 0357
Cons. | Panelist orrect Choice Wou T < 0.§15
No. t = top, ¢ = center, b = bottom) fecognfren 0:

' L l l I I X in kns,/—7 o 3.00C
Panelist Indicated:

-1 I&"h A en § Crr Cnt f//;> CW ?/m//’;/;;ﬂ
P 2yl 1 N 1 o
2 | Jrewe 4 e V24 10N A RA RS
3 Flrents §O Y Tn/ [/7,\, 34 8| Cs ym*{;%&
5 Don 7w Z Tl O | saodnne, orees
6 VAL Wi . ) 78] Cs | 7]~
7 T/ C/ A T ol Cod 74—
g |
9 | - |
10 f€cogn. %'“"\ ' i 5 ’
Frequency Tally ' l 5 j
Average Rank J Y 7 For
/’Ct"Jh-'}Lur'\ ) | ‘( 7 Ra.nkCount::
va/ues / / / -
X = Plotting Value . s | of A 3
receyn-ho— e 1) ot b 130
Vahes 4 qq'l/ b’f} 5
4.5 IR 49 | 6
Y = Log(Tolerance \.\ [ 7
Level) ) : 8
9
Log(Dilution
8 Factor) 10
Dilution
Level No. <l 1 2 3 4 5 —Tron
Plot Y versus X Panel Leader . feie
YV at Yat 40 The BN
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S o pnr
50 Evaluation Form for Dynamic Triangle Olfactometer
Sample: /S Jo /M7BE 7 bass/ ax 9 i
116 S7
Evaluation Date: _ 6/r7 RESULT: Log EDsg = 9,9 EDgg = ;22
Dilution Level Number
. 1 "o 0278 ypm
Cons. | Panelist orrect Choice Wou 4 :‘L L 6 [ Ydekchen .”
No. t = t;op, cL- cetlxter, Ib_- bolttom)l ftiiogn. hear €15 U pprn
. K onkermb, TR STC
Panelist Indicated: ! L7 *
\ . - véh
1 /S 6'&/ CN ’7:/ (@Y \/i) C/@ﬂ’ rA/c "';?a/
_2 Zremna 2, L 1(Bd Al T2 624 e e
3 Flonunc—  JCu vl Bl 7l Ca ol
— o Ny e flae,
b 1 recry f’i’»/ v /5"/ ( Sl 7, § C3 %&f/ ton b aenlle
5 | D v Vv (8] Brl 75| Cqlzseide swee
N
6 /-V/I_QAJ;/ CI\/ 7;/ i) 7’, 63 535:’:1;' Jt'mi);nhxy 2he
7 Jol [3 N /)\/ -/ A C/ Seodfip
g —
: |
Frrymnm
10 SO s /7 » Lf 7’ !
Frequency Tally i 2.1 4 /
Average Rank s ys | 7 For
recosn- loon Rank Count:
talves AS ol )"/ 7 / -
- - 1
X = Plotting Value | e | e ) 2]
reeosm Fron = LR A B S 3
Yl ves %,
Y = Log(Tolerance - -5 g [ 6
Level) yERl KR L AR BR v
Log(Dilution lg
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 A
[Plot Y versus X Panel Leader /@'
Y at X=0 13 Log EDc.n
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Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

C-11

Not for Resale




API PUBLx4592 94 ER 0732290 0517474 455 WM

28 ppa

ED;q Evaluation Form for Dynamic Triangle Olfactometer

Sample: w (T2 7~ Sumuu Ceo #2 R
. eoan Fivm /lﬁ L{]/
Evaluation Date: 6/ 2 RESULT: Log EDgg = 7./ EDSO = ,39
Dilution Level Number o
P 1 4 | s | 6 my |dekehon? C2e7ppn
Cons. | Panelist orrect Cholce Would Be: T v
No. (t = top, c = center, b = bottom) z2en b 0,96 ppo
21 712 1~ 1 ~1C 1 )Tlultrssﬂ"‘f 3.57
Panelist Indicated:
1 /¢ﬂ/’ 7/,/ , /Tﬁ (;J: %%a—-_
-2 /‘/./vac; C VB DT Cs Wffé, d;/}
s | Tn B Tz | 22| G| 7 <4,
N Sm— - —
s | Ty A & i1 WP T w o
s | 2, €D, W7l EA A 2
C 7
6 A pets B /774 ‘ﬁ" AR /W
7 /4 Su ml ‘ﬁﬂ AN
8
9
Fr ne ot
o R > 12
Frequency Tally N 5
Average Rank 2 ) For
o ,/ / Rank Count:
reco§i. faeN IR 5 /
valves / .
o . 1l
X = Plotting Value : ~F7] 3% : %J
. /C(oﬁn.‘ﬁcn "-E's 32 4
velves 5
6
Y=1 oy [
og(%:‘];:fgnce 2504 | 1992 | 1879 <__g>\
9
Log(Dilution
Factor) 10
Dilution
Level No. <1 1 2 J 3 4 5 6 ngn
‘3195 Y versus X Panel Leader i .24{;,)

C-12
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EDgq Evaluation Form for amic Triangle Olfactometer

Sample: Sern e - *ﬁﬁ?"f/ﬁt—ﬁ / 31001 .
) /L0 044 Fre ~ ZI Z5 /‘9/
Evaluation Date: 6/2/ RESULT: Log EDSO - 2.2~ EDSO -y
Dilution Level Number -
1 4 | s | 6 | ngv | dercsimiaorsppm
Cons. | Panelist | Correct Cholce Wou : s Pon = O v
No. (t = top, ¢ = center, b = bottom) eccju i Aen /7:/ s
Az 121 21 71 <] Tmkns dyT 385
Panelis dicated:
1 ﬂﬂ/l /g/\/ T; ,)5171 /32.- 7_; C)r ‘:/;;j'_;/’-
2 Floacnce | Bal 75 LBy D) Bl | Cef 21,
3 /e, Eul BuX Bl Byl 72| o | cteddor
4 Dor BN Bl Fe | T | Cs a ’
5 My %,\, %/ /o, L/ A5\ “a Co ks prwtids erincess
6 il <B»J 7X/ gﬁ/ \@uﬂ ¥ C 4~ é‘é«‘—,% S
L X i
7 | fan i YT B pd Ted oo
8
2 Fe 7e
rCqnty 7 |
10| Fednbon ” B R R
Frequency Tally 3 2 7
Average Rank 2 |y e - Fggun .
/{Ctgv:/'h/::‘L / /Z'S, 5/'7 / -
A
]
X = Plotting Value -7 .7 -89 ’ i
reecs o hiv s = 4G B2 /15 %
talre - _}?___‘
Y = Log(Tolerance s | 1463 559 i
Level) 3_033 2 lél ) ] _,BL
Log(Dilution 1(9>
Factor)
Dilution
Level No. <1l 1 2 3 & 5 6 nm
Plot Y versus X Panel Leader W hans
V et ¥Yn da Tha TN
C-13
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EDgq Evaluation Form for Dynamic Triangle Olfactometer

S soten rTR)ETBE 2 20 pp oy

Sample: .
: /'(C(’c.«uﬁﬁ" 7129 ﬁ‘/
Evaluation Date: £/ RESULT: Log EDsg = 2.57 EDgy = 347
Dilution Level Number
1 4 ] s T 6 [ngm |dtchon-00%or™
Cons. | Panelist | Correct Choice Wou T e puS M g
No. A t = top, C = center, b = bottom) / f‘”?""h‘” i
| zd a1l 2l1—1Cl T snlensi byz 371
Panelist Indicated: I /
1 oo (7ol . ('gf Benhil
._2 ﬁymmbé- i '7?] C) g tlaslaet
_3 AL 73 qu o il it
4 Rz v Ve s v 4
-
s | Sy T G | TEdF
6 I ”)T’J Cy | r+te ;fz-e—
v 3 —
7 Joan 84 75 [e P i }&'XM
8
2 7
regeney 7o,
_1le rececn bl { i 7 { %,
Frequency Tally €. l ) 11
5 5.g For
Average Ra.nk’9 ‘// 7 Rank Count:
reesy /‘1;;-/ ‘/‘2: | A e b / / -
1]
X = Plotting Value SIS e 17 9 /'/( 37
e p..//u:\" "/"5-. aqq 17} ;07 ’-T
reeey i / -g-
Y = Log(Tolerance \ ~$5
Level) 'b’bg 5‘059 7‘6“* "%} ],S > [ :SZ:
Log(Dilution 1(9)
Factor)
Dilution
Level No. <l 1 2 3 4 5 }Z) nan
Plot Y versus X Panel Leader A /4;“")
V oate VeilN\ 4 a T i TN
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EDgqy Evaluation Form for Dynamic Triangle Olfactometer
Sample: Sunimer #lﬁ,\fobé:- #3 30 5o .
/2, A0 R 2.5 ) s2¢
Evaluation Date: 6/z1 RESULT: Log EDsp = 7,92-EDgy = 534
Dilution Level Number
1 4 | 5 | 6 [ngn |dekhotn=00204pF
Cons. | Panelist orrect GChoice Wou T Y R
No. t = top, ¢ = center, b = bottom) s '0‘”/’} "
[T 1T T 7T 11 . .
Panelist Indicated: R
_1 Ann % 1Y F/Zm wol o7 S
_2 L fneseca. Cw' § Bu ﬁ\, '7; (s N e
3. .
3 | dlna B X7 B2 % | Co] 252
[ 77)0/-, //A,/ T [ ) /3} {7/ cS Cf(l/z‘ ;‘;‘é-—p
! f - W
5 /”W;'l By I (EJ ﬁ}j s} Co w/mL&-/%AjJéé/
. 6 /5;// BN T h_@@ Pa ﬁﬁ Cw $ze, ‘J
; 7 ﬂ/o(zx/) / ﬁ 6}*5- /?f‘rh 7: 07 %2,% epe
I 8 |
9
Freguwney Lo/l
10 recesinrent 4 O B,
Frequency Tally ) 3
Average Rank ] 2 A For
4 Rank Count:
recoSen- "Vziuts | Z./},S’ L / / / :
[ 1
X = Plotting Value s =32 .67 A ' g
/{ash-l/m ST S TR 2 4
Y = Log(Tolerance N - e Y :
Level) ’b“pz kS PA \ a9 | _Z_J_
Log(Dilution lg
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 A
Plot Y versus X Panel Leader ///4@
V ate Vot 2 a T am TN
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EDgq Evaluation Form for Dynamic Triangle Olfactometer

755 )

Sample: Sermaer 7 e /[ 26 zp1 .
: [igaes o 2.2)  [i2.
Evalugtion Date: ___&/2/ RESULT: Log EDgy = , 3 EDgg =235
Dilution Level Number .
b1 4 | 5 | 6 | g |dekchon =071 ppm
Cons. | Panelist orrect Choice Wou T [eoGr hen=0 .16
No. t = top, ¢ = center, b = bottom) ezl 1b s
1712l 2l 711 7 imbasdyz 329
Panelist Indicated: .
1 | Ao 2 A A @) Wl 0 i o
— '\ — (77D P
2 Flowence CZA/ 7/:; /Bcl 7 /2 (“3 cr/"/.z, }
3 Ao | BN T VBN Bl 72 | o | Snl?
4 Der v | Cu Q 1 Bl 7z | G- a’;:ef f{
5 Aoy s s el Bela z | Cos] s~
s | T/ B T CY (B Ta | Cs | <2ds
7 Jean R Py @/ Bl B2 Ty Cy | tenn L"(
8
o | |
cegevney 7Ta it/
10 | icea hd 1 5 | i
Frequency Tally _ 21 53 '
Average Rank 13 b ' For
| p Rank Count:
recesmber { Y 7/ / .
-l - 32 . 67 —1'
X = Plotting Value s - 2
4 . o /15 3
rece§ue f1om 4
e lues 5
Y = Log(Tolerance 52 s | ¥ -55'5/ ‘3’
Level) b » v v 8 |
) 9
Log(Dilution
Factor) 20
Dilution

Level No. <l 1 2 3 4 5 6 /rr7rT
Plot Y versus X Panel Leader %/%EQ‘

V atr YN 36 Tan TN
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EDgq Evaluation Form for Dynamic Triangle Olfactometer

_ Sernmts  HmGTRmMEX 2 L6 apu

Sample:
J/(Uf;ml/‘ln‘h 21,’ /3’
Evaluation Date: __6/2( RESULT: Log EDgg = 7 S EDgg = 7 gs”
Dilution Level Number
1 4| 5 T 6 [ugn | derechim =02
Cons. | Panelist orrect Choice Wou T o \
No. t = top, ¢ = center, b = bottom) ’“‘ﬁ”’ﬁw g /q?/'“
71l 71 21l 2 1T 71TC 1 % ket 302
Panelist Indicated:
7
1 A Co § Cvk B Pl 7= s 744/@4“1119
— _
2 | Tiwee N7 Bilow VBV T | Oy | Sy Snzy
{' 7‘ 7 ——— _— 4 ../; — .
| 3 flrvg N WV apl Bl Cs 17T D
i 4 T, 7 a/ﬁf Bl o Cs | <Az v
5 //Z(u,/u 272 W/ \7’:: 2 W W s
[ 7 By T @ 23_, T‘/ CS‘ sr//. [ {M
7 Jota BATN B} B3| 73 ) Ci| 94~
N
8
o |
fr&,u{ncy b lr -
_10 J &4 05 a0 £ I ' { o) Z‘
Frequency Tally / I L 7
Average Rank / S 1 4. - For
g o ? ¢ 7 Rank Count:
Feceg i .
i
X = Plotting Value T -6 | .89 ' ..%_
Je ce§en e £2 15" 67 14] ¢ g‘? 4
Valve S ‘-_%=
Y = Log(Tolerance | 4
Level) 3-09’5 99! l‘q‘ﬂ' l"/ﬁ %
Log(Dilution 1(9)
Factor)
Dilution
Level No. <1 1 2 3 4 5 )J—'%

Plot Y versus X

V -~ VNN da T mm TN

Copyright American Petroleum Institute
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EDyq Evaluation Form for Dynamic Triangle Olfactometer

$7fe )

Sample: Sum e £ ﬁmg ’i?_> 27 ppnd .
Evaluation Date: ¢ /21 RESULT: Log EDgg = 7,2¢" EDgy = /7/
Dilution Level Number
1 & s | 6 |n7u cé«’_ét‘/zm:,/‘”//)m
Cons. | Panelist | Correct Choice Wou T .
No. (t = top, ¢ = center, b = bottom) /e“?‘*'/"”'”“z/'/”\
7 L 71 2] ~1 7T C1 T inkeas byt 350 '
Panelist Indicated: v
- / /73
1 //7/:/7 ) /2 04 7 2 =4
2 F/oint i Gl (BT Cs | o
3 | Ao o B 7l o, | ceqet
. Al
4 “Der N (5;‘ %’ Cs frede
5 i oMl a0 Al A P 2,
6 6/,)/ evlGEN B | cel =t .
7 NPT ) Bzl By | Tod Cos| 527>
8
2 Fr 7.7 '
regeenty €3
10 [0 csn hen i | ] > 13
Frequency Tally 2 I 5 I
A Rank 1.5 5 For
verage Rank Count:
i’t[a’jm-hﬂ" -
valees z 3.5 6 / / )
1l
X = Plotting Value . 3> o ' ‘;‘:
recoso frm LY R 7
S 1/4;0(5 fs 10 'é—
- 6
Y = Log(Tolerance 97,55
Level) 3 b ’l‘g'q [.tl I [R5 [ "%“
Log(Dilution lg
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 ugn

Iglo{: X versus X ‘l Panel Leader A/ %79&/1 e
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ZC} /7771'7
E-QSO Evaluation Form for Dynamic Triangle Olfactometer
Sample: ?) - HWiee ‘9?90 .
“ LANTER & as /Gy §2—
Evaluation Date: __0-1¥42 RESULT: Log EDgg = 2.5, EDgq = /46
Dilution Level Number
1 & | s | 6 ]wm]
Cons. §| Panelist orrect Choice Wou : dobechon | 0195 gpm
No. (t = top, ¢ = center, b = bottom) o 0.359 spm
T i~ [o]la Tt TcC] o
Panelist Indicated: Toaknsdes 215
— ’3 I, Sp— » .
1 | O N 5T EEN (8] ol T ) e 21
\ ——
_2 Alww 2§ ‘Bd 933 2 J s [eremd
N - o 4 .
3 (2 s (\ T JCu @@ L2 (' o
N P — >\
& | \oaee Fo §JCu I8 | b | T ((‘,g Prrond
5 Sea & da AR 7 | [eeido
P 2 — — > _ N
6 I Cu v 18 1T N | Cz Jerved
~ —_— -
7 Jor D \ ( lm, @Du, A~ | o C AR Raaid 8
8
9
Frequensy Tetl
_10 frican b 4 i pa 2 |
Frequency Tally YA 3 \ |
Average Rank rs o b 1 For
Feetd s hr { 2.5 - Count:
valve s s / 7
1
X = Plotting Value 59 0 61 | s 2]
feecyom hen -ty ~. 499 3 s "2_
Vﬂ_/l/fs
£
Y = Log(Tolerance et ¢
Level) 3082 A% 57 s [ 3
Log(Dilution lg
Factor)
Dilution
Level No. <l 1 2 3 4 5 6 nge
. — 2.
?’lot 3 versus X Panel Leader ! wll Deu o
C-19
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2
EDgq Evaluation Form for amic Triangle Olfactometer
Sample: Q —~mieg¢ 475, .
" e oA f¢ccGa. 172~ sz
Evaluation Date: _ b-'¢ -9 RESULT: Llog EDgg = .57 EDgq = 7
Dilution Level Number -
P 1 4| 5 T 6 [rgn |dbenm? 0:22000m
Cons. | Panelist orrect Choice Wou T fecocon el 0:S 1 ppia
No. t = to ¢ = center, b = bottom) °5
Tt [ ol 1o 1ol L
Panelist Indicated: Kk ify ,7, y
”"\A 7 —— \
_1 Loed Q w] bu 2. ], (C\ &re
2 | Al ol e |7 ?‘? ol
3 | o Co 470 | Rl T2 Ca [
& Noucee [ TN CN‘ Te 1Ty 180 | —
— /] a— ! N a— P~
5 < N lw B« X ‘) ] C’.,\ s
— P = —
6 Q0 CoITu l® _CDI s 2 | Ca | 6es
7| Soaw T § o B %\F e | Cufoen frore
L — v
8
9
Fregugney Todl .
10 | scomn | > 1 [
Frequency Tally | l 3 | ' |
Average Rank { 2 5 e For
recogr oA i 32 5 & Rank Count:
volves / §
- A 1
X = Plotting Value AN ke I 7 2
/u’»%/. Fren =4 V- 52 32 L 67 3
Votes \-5‘
< 1
Y = Log(Tolerance §2 s
Level) 3.0 5™ [0 | 43 "ﬁ% [ Z
9
Log(Dilution
Factor) 10
Dilution
Level No. <1 1 2 | 3 4 5 6 | "
. 2
Plot Y versus X Panel Leader \?';\_’\ =, LN
V at Yuld d06 TAan TN
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EDgp Evaluation Form for amic Triangle Olfactometer
Sample: Q - \Ne -~ ¥ :
— lnre Q.50 [2E0 50 s /,9/ gl
Evaluation Date: __5-l¢53 RESULT: Log EDgg = 79, EDgg ™ //¥
Dilution Level Number
| S 4 1 s 1 61" |yshn:vaitirm
Cons. { Panelist orrect Choice Wou s o bewme Dy 32
No. ‘ (t = top, c = center, b = bottom) recegn by 832 ppva
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