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Introduction

On October 3 - 6, 1972, an odor survey was conducted at the
Westvaco Kraft Mill, Wickliffe, Kentucky in conjunction'with emission
measurements made by EPA personnel and equipment (EPA Project Report'
No. 73-KPM-1-A) to obtain data for the establishment of new source per-
formance standards for kraft pulp mills. These tests took place using
the plant non-condensable gas incinerator system as a source of emissions

to be tested. This system collects non-condensable gases from various

points in the plant process and exposes these to a natural gas flame
assuring that all gases reach a temperature of 1000°F. Odor samples
were taken both at dischargé and inlet conditions of this facility.
Simﬁ]taneous eva]uations'of ;blfur content were performed by EPA with
- jinstrumentation installed in their mobile laboratory. The odor panel
was conducted in accofdance with a printed péoﬁedure provided by EPA

~and apbended hereto as Appendix A.

Summar.

This odor survéy which lasted for a total of five days is
regarded as having been succeésful. An effort was made to utilize
those’bersons having the most sensitive olfactory system. Prior éXfu
perience had esfab]ished that younger persons generally meet this re-
quirement; therefore, this age group was selectively u;i]ized, The

panel was organized and surveys conducted at the Paducah-Tilghman High
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School in Paducah, Kentucky. Survegs vere conducted on the non-
.condensab1e gas incineration system, using both incinerated and non-
incinerated (inlet) gas samples. As might be expecfed, the odor charac-
teristics of these two were distinctly different, the former being pre-
dominantly sulfur dioxide in character and the latter predominantly
malodorous gases including hydrogen sulfide and the mercaptan species.
These differences produced no problem with the panel when‘properly

handled.

Procedure
Essentially the procedure followed in the organization and

conduction of this odor survey was that appearing as Appendix A of

this report. As described above, this procedure was delineated by

EPA as a tentative method for the purpose stated. Deviations from this
procedure were essentially three in number, the first having to do with
the requirement for an odor free room. Due to timing and limited facili-
tiés at this distant location, an odor free room was not available. A
_portable air cleaning system was tried ;;J;he tubing used in construc-
- tion contributed more odor than was removed. This system was abandoned.
A]i tests were conducted in the high school science laboratory which

was essentially freeAdf odors and certafn]y free of all odors associated
with pulp and paper operatjons. The second deviation from the printed
proéedure dealt with the method of screening candidates for final
selection of the odor panel. The method designates vanilla extract

and methyl salicyate in solution with benzyi benzolate. For the
ltest in Paducah, substitutions wére made for these chemicals. Vanilla

extract was used in aqueous solution along with the mouth wash

"Listerine" in aqueous solution. The third deviation from the printed

@ﬁ@ environmental engineering, inc.



procedure involved the size of hypodermic syringe to be used. The
method calls for a.100 ml syringe which'wés not readily available;
therefore, 50 ml syringes were used with no apparent deterioration
in the ability of the panel to detect odor.

For this test a panel of ten individuals was selected from
an original group of 21 applicants. The selected ten consisted of
nine males and one fema]e, all of whom were juniors or seniors in the

:hfgh school. Figure 1 illustrates the test used to screen this group.

Samples from the Westvaco mill at Wickliffe were collected

- 4n syringés and mylar bags thereafter being transported to Paducah,
approximately 38 miles distant fdr purposes of conducting the odor

survey.

Results

The results of these odor surveys are presented in Table 1
and Figures 2 through 7 appearing hereafter. As one will note in
examining these several figures and associated data of Table 1, there
were occasions when the consistency of the panel was poor. One might
expect that this would improve with time, as indeed it did. | |

| Throughout the execution of these series of odor'surveys,

certain observations were made and are summarized as follows: n

1. The persons conducting the odor survey program must

“maintain control of the odor panel group at all times. |
2. Dilutions for presentation to the panel should be made in

\, @ location not in view of the pané], preferably in an adjacent room.

environmental engineering, inc.
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Source

Outlet

0ut1et

TABLE 1 . .

SUMMARY OF ODOR SURVEY
WESTVACO KRAFT MILL
WICKLIFFE, KENTUCKY

Date

10/3/72

10/4/72

OCTOBER, 1972

Dilution
Ratio

0:

2

5:
5:
10:

17:

- 17:
10:
50:

100:
- 500:
1000:
100:

100:

1

1

1

Percent Reporting
Positive Response

. 90
90
100
70
50
10
80
40.
60
60
20

100
80
50
30
20
60

100
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TABLE 1
(continued)

SUMMARY OF ODOR SURVEY
WESTVACO KRAFT MILL
WICKLIFFE, KENTUCKY

OCTOBER, 1972

. Dilution
Source Date Ratio

500:

250

1000:

Outlet 10/5/72 500:
250:
100:
66:

50:

Outlet 10/5/72 10,000:

(No Fire)

100,000
©100,000:

Outlet 10/6/72  1000:
2000:

1000:
-100,000:
1,000,000:

1

:1

1

Percent Reporting
Positive Response

40
40
30

20
30
80
40
30

60

80
100
55
20
10
60

80
30 -
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TABLE 1
(continued)

SUMMARY OF ODOR SURVEY
WESTVACO KRAFT MILL

WICKLIFFE, KENTUCKY
OCTOBER, 1972

Dilution
Source Date Ratio
100:1
;]
500:1
Outlet 10/6/72 10,000:1
(No Fire)
1000:1
500:1
100:1
oo:]
100:1

@ﬁ@ Y environmental engineering, inc.

Percent Reporting
Positive Response

100
0
100 N
20
50
90
100
10
100
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ODOR SURVEYi

WESTVACO KRAFT MILL

WICKLIFFE, KENTUCKY

OCTOBER 5, 1972
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3. Each fndividua] member should keep his detection or non-
detection confidential until the entire panel has recorded their re-
spective findings. .

4. Where the preva]ént odor is not vividly distinct, the
panel should be allowed a reasonably strong "refresher" Samp1eAbetween
each evaluation sample. |

5. It is preferable to introduce samples to the panel gener-
ally from a weak to stronger odor progression.

6. The entire series should be conducted as rapidly as per-
missable but not at a frequency in excess of one sample per 10-15 minutes.
It was found that after a continuous evaluation period of apﬁroximate]y
two hours, the panel hembers became somewhat fatigued and psychologically
exhausted and required a short recess; preferably leaving the odor evalua-
tion room and returning approximately one half hour later. This pro-
cedure seemed to imprové coﬁéistency among the panel members.

7. A psychological problem exists.jn that panel members seem
to have an innate feeling that it is a.virtue to detect ah odor.  The
repeated positive responses to pure air demonstrates this problem.
Through repeated lecturing, howeyek, this tendency was reasonably over;
come toward the end of the test program.

The -original data sheets from which the data of Figures 2
through 7 were derived are presented in Appendix B.

Table 2 has been prepared thrdugh which fota] odor emission -
rates may be estimated, upon the addition of volume flow data available

to EPA.

- @675 environmental engireering, inc.



TABLE 2

ODOR EMISSIONS
WESTVACO KRAFT MILL
WICKLIFFE, KENTUCKY

OCTOBER, 1972

Source Date C VA ' E
Outlet 10/3/72 90 — i
Outlet 10/4/72 2640 reee .
Outlet 10/5/72 1320 2610 3.45 x 10°
Outlet (No Fire) 10/5/72 37,000 3000 1.11 x 108
Outlet 10/6/72 14,490 2223 3.22 x 107
Outlet (No Fire) 10/6/72 | 203,300 2608 | 5.30 x 108

VA

Odor cohcentration in odor units per cubic foot
(derived at 50 percentile detection point)

Volume flow rate in stack; standard conditions,
SCFM ( 70°F and 29.92 in. Hg)

Odor emission rate, in odor units per minute,
E =CVA

environmental engineering, inc.
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APPENDIX A
DILUTION METHOD OF ODOR MEASUREMENT
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~. —Principle and Aoplicability o

: METHOD XT - DILUTIOH ! OD OF OCOR MEASUREMENT

-~ .

1.1 Princiole. A sample of gas is extracted from the emission™

source to be measured, and is diluted with oder-free air until

*3 diTUTIoN 15 Achieved in which 'the odor can barely be perceived.
The ratio of the total volure of the dilutad sample to the

voiume of originai sample teken for dilution, is a measure-of .—n0o
the odor -concentration of the original sample. The technique is.
not intencdad to identify individual odor-causing materials or
their concentrations, and does not take into\account th

character of an odor. ~

1.2 Applicebility. This method is applicable -for the determination
of odorous enissions from stationary sources only when specified
- by test procedures for determining corpliance with the New
Source Performance Standards. , ‘

Range and Sensitivity

2.1 Range. The lower limit of this method is that concentration of
odor which can just tarely be perceived (odor thresholg) at a
1:9 dilution ratio. The upper limit is that concentration
which produces the odor threshold at a dilution ratio of 1:9999.

2.2 Sensitivity. The sensitivity depends upon the human olfactory
sense, and is subject to variations of_ this sense, from person
. to person or from hour to hour in the sane. person .

v -

-Interferences

3.1 Extraneous odors interfere in the test and all .foreign odors
must therefore be eliminated from the test environment. Hands
and clothing of the cbservers, and any necessary equipment,
must be clean-and odor-free.

3.2 Colds and other physical_ conditions affecting the sense of smell
will .interfere with the chscrvers' nerception of odors. -Use of
.'tobacco, gum, or cven eating, can affect the sense of smel 1T
and shouTd not be indulged in for at least 30 minutes prior to
the evaluation of odors. To avoid fatigue of the olfactory
sense, the observer should carry out the cdor test for no longer
than fifteen minutes at a time, with a fiftcep minufe rest

period between - tests.

e WSS

3.3 Some aromatic compounds desensitize the olfactery response and
will cause erratic results. ihe only solution to this provlen
is longer rest soriads Laituian tasts.

Lty



NI VIR W

-

o i o e

~,

4, Precision and Accuracy : ; . - -
, - )
~ .. 4.1 The precisicn and eccuracy of this method depends on the
number, physical conditicn, experience and skill of the
observers. icnsistent and reprecducible results have been
found to be cbtained with a penel consisting of at least
efght qualified ObSLrVGlS Eny single observer should be
"~ abYe to attain résults that are reproduc1ble within = 50%

- on any given day. . . ' -

5. Apparatus _
5.1 Sampling \ : : o L o
5.1.1 'Sampling Syringe - TQo 100-m} Luef-type hypodermi¢ L

- syringes.
o : - : -
5.1.2- Syringe Caps - One Luer syringe cap for each syring-.
5.2 Analysis ‘. B o - '
5.2.1 Odor-Free Room - Ma1nta1ned at comfortable ehperéture
and humidity conditions. .
. A 5.2.2 Dilution Syringe - . 100-m Luer—type hypodermlc syrwnges
2 e 1dent1ca to samnling syringes.
v fﬁv\c\“‘f' © '5.2.3 Transfer. Syrlnge ~- Two or more. 2- ml Luer-type hypodermic
2”L017_w*°' - syringes and one 100-ml Luer-type hypodermic syringe.

5.2,4 Transfer Needle - A fitting fcr connecting the transfer
- syringe with the sempling and dilution syringes, made
from two standard 25 gage hypcdermic reedles, 1 1/2 in.
‘long (available from Becton-Dickinson and Company,
Rutherford, New Jersey). The mating head of one needle
C s cut off at a point where its inside bore is equzl to
.-the outside diameter of the needle shaft. The mating
head is slid over the other neecle, with the mating
open1ng toward the tip of the needle, and sw]ver soldered
in place. .

5.2.5 Syringe Caps - One'Luer ﬁyhingg cép for eacﬁ syringé.
6. Reagents | .
6. 1 Odor-free éir
6.2 Vanillan - 1.0 percent solution in bnnzy1 benzoate.

\S&n \\-\ T esdea

6.3 Methyl Salicylate - 1.0 DOF(PHt so]utlon in benzyl benLoatc
v \\ c'\ [V2N '\\;I ,S(u-\ ' i E;A.,.___ \<05‘.\K
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7. Procedure

-

Al?ﬁéyringes and.transfer needles used in this procedure must be
thoroughly wasned witn ar urperrtured detergent rinsed thoroughly
in odor-free tap water, and ailowed to dry in ‘the test room atmos-

_ _——phére for at least 15 minutes. ;

7.1 Sampling. Fill tye sampling syringes with the gas whose odor
- concentration s to b2 measured, by pushing the plunger all
SRIPCIC the way in, insert ng the tip into the gas stream to be sampled,
T and pulling tre pluncer out to the 100-m mark. Place caps over
the tips of tie syringes, and transfer to the odor evaluation
room. Perfcrm assoziated mecasuremants such as velocity deter-
- mination at the time of sampllng *ccordung to EPA reconwended

procedures.

7.2 Analysis.
7.2.1 Semple Jilution: Dilu on samples are prepared by an

~—~—— assistant and presentes 51indly to the observer in random
_ordar to prevest possible bias due to the-anticipation
of th2 cbserver. In preraring the dilutidn, place the
- transfer needle on the trinsfer syringe, remove the cap frem
the sampling syringe, .and with the transfer syringe empty,
insers the transfer needie tip into the sample syringe,
and tightly coanecc the twy syringes. Withdraw the
‘desired volume, V_, of sample into the transfer syringe.
Withdraw the neesle from the sam2ling syringe and recap
tle sempling syriige. Insert the transfer needle tip
juto the dilutisn syringe, which has been parfially
filled with ocor-free air. Inject the sample volure,
V_, into the dilu*ion syringe, withdraw the transfer
néedle, and i1l the dilution syringe to the 100-ml mark
with odor-free air, Cep thie diiution syringe and let it
stand for at "eas: 15 sac. to allow mixing by diffusion.
The dilutec sample is tren.ready for odor evaluation.

. Hhen it is necessaty to di‘ute volumes of 2 ml or less,
use the 2-mi tranrsier syrinie. When diluting volumes of
less thin 0.2 nl, nake &¢n intermediate dilution of 1:9
with cdo~-free a‘r anc inj2ct a portion of this inter-
mediate (ilution iito the dilution syringe. Use the
100-m, tran:fer sy~ 1nge for cl]ut1ng volumes greater

than 2 ml.
N - 7.2.2 Q¢ Evaluatior ’r*pare s:mples hav1ng dilution ratios
-7 oot 119, 1:13, ] 999, and 1:$997 in randca order as des
cibed in cectian .21, Uncay the dilution syringe and
gl) incert tha tio 57 the syringe into one nostril; cr
2) held tie wip ¢ ihe syringe neer the nese. facn panal

'
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member should chose the method of smelling the sample
- == which yields the most accuratc and reproducible results
for him. Suspend breathing fcr a few seconds,-anc during
this period. expel the 100-ml diluted sarple into-the
nostril or near the nose at a uniform rate over about
. 2-3 sec. Record whether cdor is perceived by the )
* .. observer, and note the greatest dilution at which odor ~
. .° 1is perceivéd. .

- "Based on the above results, prepare a series of dilutions:

in the range between the greatest dilution in which oder
was perceived and the next greatest dilution. Tne crcer
of dilutions should be random, and at least one out of
every four consecutive dilutions should -be a “scramble”
~dilution in no way related to the fundamental trend.

The “scramble" ocor may range from no odor to considzr-
ably above the threshold concentration, and is used to
assure that the cbserver cannot anticipate what the next

concentration will be. In this way, he is forced to

concentrate only on what he percoives on any given samale.

Proceed with dilutlons until the difference betwzan the

greatest diluticn at which cdor is consistently cerceivad

and the next greatest dilution measured is less thzn £0
corsi

percent of the greatgst dilution at which it is gt~
e“t} pnv«r‘o\ V’)r‘
Calibration e

- The odor panel shall consist of at least eight persons. Sirnce not
~all persons are cap able of cerrying cut the test, a grolp of et

least twice the number of observers required shal] te screered to
select the most sensitive individuals for chservers. The scrzening
test consists of a “triangle™ test in which two identical szzpiss end
one odd sawple are presented to the prospective observers in

“increasingly dilula concentraticns, Each person is scored cn his

~ability to distinguisn the odd odorant from the two 1dent1ca1 ones as

dilution increases.

To conduct the screening test, prepare two identical soluticns of 1.0
percent vanillan in benzyl benzoate, and a solution of 1.0 percent
methyl salicylate in benzyl benzoate. Present these to the ¢rcun in
increasingly dilute concentrations until 50 percent are unzhle to
distinguish the odd odorant from the two idéntical ones. Tne
remaining members of the group, with better olfactory perce“txon
shall be selected as observers, .

[T d

. - . L) . 3
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9. Calculations

'““"é:l O0dor Cencentraticn. Calculate the odor concentration in odor
) units per cubic toot. | 100 -~

. . C— . T —— -

[ L

. “where: | ' ' -
C = Odor concentration in’ odor units per cubic foot, which is

equal to the rnusber of cubic feet that one cubic foot of sample - —

will occupy when diluted tc the odor threshold. OCne ocor unit
is defin2d as one cubic foot o7 air at the odor threshold.

V¢ = Milliters of original sample present in the most dilute -
SOHQIe in wnich oder is tercestible,

100 = Milliters of diluted sample.

9.2 0dor Emission Rate. Calculate the odor emission rate in odor
- units per minute.

E = CVA

e
= Odor emission rate, in odor units per minute _

= Qdor concentration, in odor units per. CUb]C foot, as
calculated in Section 9.1.

= Velocity of stack or vent dlscharne in feet per minute
= Cross-sectional area of stack or vent, in square feet.

.10, B1b1wogreohv

- 10.1 ASTH Book of Standards, Part 23, pp. 301 304, 1971.

. . -
- . . -



APPENDIX B
ORIGINAL DATA SHEETS
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