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This standard is issued under the fixed designation D 1292; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope D 2777 Practice for Determination of Precision and Bias of

1.1 This test method covers the determination of the odor Applicable Methods of Committee D-19 on Wafer
(that is, the property that affects the sense of smell) of water. A D 3370 Practices for Sampling Water from Closed Con-
suggested system for classifying odors is given as Annex Al. duits®
The test method is applicable to the determination of odo
intensity in terms of odor intensity index or threshold odor o
number. 3.1 Definitions:

1.2 Effluents may carry a myriad of compounds, difficult to 3.11 .The .termsodor-intensity indgxanc_i odor threshold .
measure individually, which contribute to odor problems.numberin this test method are defined in accordance with
Combinations of compounds can cause an odor intensity oférminology D 1129 as follows:

develop a characteristic that cannot be anticipated from odors 3:1-2 odor-intensity index-the number of times the concen-
of the individual substances. tration of the original sample is halved by addition of odor-free

1.3 Because of the variation in human sensitivity, highWater to obtain the least definitely perceptible odor.
precision in determining odor intensity is not possible. There 3-1.3 odor threshold numberthe greatest dilution of the

will not always be agreement on odor characteristics by variou§@MPple with odor-free water to yield the least definitely

testers. Odor analysis provides the tool to measure variation iRérceptible odor. o

odor intensity at a given sampling point. The degree of 3.1.4 For definitions of other terms used in this test method,

variation may indicate the magnitude or importance of an odofefer to Terminology D 1129.

problem. Determining the cause of the variation or the sourcg Summary of Test Method

of the objectionable characteristic may define the odor problem’ o ) )
4.1 A sample of water is diluted with odor-free water until

better than analysis for individual compounds. i , . .
1.4 This standard does not purport to address all of the@ dilution is obtained that has the least definitely perceptible

safety concerns, if any, associated with its use. It is thdor- The test is made by two or more testers. One makes
responsibility of the user of this standard to establish appro_dllutlons and the others determine odor intensity. Samples are

priate safety and health practices and determine the applical€St€d in generally increasing concentration of odorant, al-

bility of regulatory limitations prior to useFor specific hazard h0Ugh notin consecutive sequence of dilutions, until the odor
statements, see Note 1 under 10.1. is perceived. The persons making the test select the odorous

sample from among three flasks, two of which contain odor-

5. Terminology

2. Referenced Documents free water. Odor is measured without regard to the presence of
2.1 ASTM Standards: suspended matter or immiscible substances in the sample.
D 1066 Practice for Sampling Stedm Cognizance is taken of the fact that there is no absolute odor

D 1129 Terminology Relating to Watér value and that the test is to be used for comparison only. The
D 1193 Specification for Reagent Wafer test is carried out at 40°C.
5. Significance and Use

L This test method is under the jurisdiction of ASTM Committee D-19 on Water 5.1 The odor of water is a subjective property which is
and is the direct responsibility of Subcommittee D19.05 on Inorganic Constituentgecognized as having a significant effect on its quality. This test

in Water. P : ; ;
Current edition approved Aug. 29, 1986. Published October 1986. Originally!S mtenqed to _prowde a r<_aproduC|bIe test methoq for determin
published D 1292 — 53 T. Last previous edition D 1292 — 80. ing the intensity of odor in waters for comparative or control

2 This test method is based on a procedure proposed by the Dow Chemical C@UIPOSES.
in a private communication.
2 Annual Book of ASTM Standardgol 11.01.
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5.2 The test may be useful in checking the quality of raw ortesters. Photographic safelights with interchangeable filters are
treated waters, determining the effectiveness of treatmentseful for this purpose.
procedures, or in tracing sources of contamination or leaks in 6.5 Turbidity in some wastewaters may be evident below
industrial processes. perceptible odor levels. The colored lighting system described
5.3 The results of the test are very dependent upon thim 6.4 may not eliminate this bias. In such instances, external
observers, since the sensitivity of individuals to odor is highlymasking of the flasks may be necessary. Painting the flasks to
variable and changes from day to day. Careful standardizatiomake them opaque is a means of masking turbidity.

of the conditions is essential. 6.6 For maximum control, the odor laboratdrghould be
divided into two areas separating the sample preparation and
6. Interferences and Precautions the odor detection activities. This allows isolation of the

6.1 The area used for the test shall be free of interferinglilution operator from the odor tester and permits greater
odors.* An ideal laboratory has a separate room equipped witFOntrol of background odor in the odor measuring area.
activated-carbon filtered inlet air of controlled, constant tem-
perature and humidity. A relative humidity of 50 % is recom- /- APparatus
mended wherever control is feasible. Cleanliness is an absolute 7.1 Constant-Temperature Batltapable of maintaining a
necessity. All equipment used in the test shall be clean and fréemperature of 40- 1°C.
of odor and shall be restricted to use for odor determination. An 7.2 Sample Bottles, Glass-StoppereBiochemical oxygen
odorless detergent shall be used to cleanse the hands and fagesnand (BOD) bottles are satisfactory for this purpose.
of the persons participating in the test from tobacco, shaving 7.3 Flasks 500-mL, wide-mouth Erlenmeyer, glass-
preparation, cosmetic, and other odors. Testers shall not smokgoppered or covered by watch glasses.
chew tobacco or gum, or eat food of pronounced taste or odor
for at least 30 min prior to the determination. 8. Reagents

6.2 The physical condition of the participants is important. 8.1 Activated Carbon water purification grade. Carbon
The odor tester shall be free from any conditions affecting th&hould be renewed after treating approximately 20 L of water,
olfactory system. Prolonged use of the sense of smell cause$ more often as necessary.
olfactory fatigue. Repeated smelling of the same odor has the 8.2 Water, Odor-Free— Prepare odor-free water by passing
same effect. Therefore, for prolonged testing, frequent resteagent water conforming to Specification D 1193, Type II,
periods, preferably in fresh, odor-free air, are necessary fothrough a glass column 0.9 m (3 ft) long and 51 mm (2 in.) in
recuperation. Under ordinary circumstances no operator shadiameter, packed with granular activated carbon, at a flow rate
carry out odor tests for longer than 15 min without rest in orderof less than 11 L/h. The water used to prepare odorfree dilution
to avoid olfactory fatigue. This is an average time. Strongefvater shall have a total dissolved solids content not exceeding
odorants may dull olfactory response within a few minutesthat of the sample being tested. Use glass connections and
while waters of good quality may be tested over longer timetubing in making the system. The column ends may be packed
intervals. If personnel is limited, the testers may check theifwith glass wool to support the carbon. Test the column effluent
observations after allowing sufficient time to relax the olfactoryat 40°C. This is necessary since the quantities and nature of
system. impurities in the water will affect useful carbon life. It has been

6.3 Not all persons are capable of carrying out this test. Théound that columns used infrequently may develop a biological
testers should be thoroughly screened to obtain the begrowth which imparts odor. To check the condition of the
possible precision, especially for research purposes. Howevefolumn after an idle period (such as a weekend) a simple test
if due care is exercised, most persons qualify for routine workis recommended. Fill a short glass tube with fresh carbon and
At least two testers are necessary, but more are preferred: ofiger water through it. The reagent water so prepared should be
to make the preliminary screening and prepare the dilutionghecked against the column effluent to be sure a subtle odor is
and the other or others to make the actual odor determinatiomot present. Odor-free water should not be stored but should be
The testers making the determination shall not know therepared on the day the test is made. In order to save time
dilutions; in no case shall they make the dilutions. Dilutionsduring analyses, maintain the supply of odor-free water at 40
shall be tested by presenting samples ranging from lower tg°C.
higher concentrations but they must not be presented in
sequence. Insertion of a set of blanks or lower concentration®. Sampling
into the series is recommended. This lessens the chance ofg 1 collect the sample in accordance with the applicable

memorizing odors or guessing. _ _ _ practice, Practice D 1066 and Practices D 3370.

6.4 Color is often imparted by various contaminants in' g > Determine odor on separate, freshly-obtained samples.
wastewater. This color is often evident below perceptible odosampling is very important. Glass-stoppered bottles shall be
levels. A colored lighting system may be used to eliminateseq and shall be completely filled. Although larger volumes
color bias in selection of the odor-containing flask by themay be necessary in some cases, the standard BOD bottles are

4 Baker, Robert A., “Critical Evaluation of Olfactory Measuremewdigurnal of SBaker, R. A., “Odor Testing Laboratory,Journal of the Water Pollution
the Water Pollution Control Federatioivol 34, No. 6, June 1962, pp. 582-591.  Control Federation Vol 35, No. 11, November 1963, pp. 1396-1402.
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ideal for this use. If the sample is at a temperature greater that?.5 mL of sample. If greater dilutions are necessary, add
40°C, cool it before testing for odor. odor-free water to the primary dilution. Use such subsequent
9.3 Storage of water may lead to errors through modificadilutions in the evaluation.
tion of odor intensity and character. Biological, chemical, and 11.2 The dilution tester shall code three clean, odor-free
physical reactions are factors in this degradation. If the analysilasks for the test, adding approximately half the estimated
cannot be made promptly, refrigerate the sample during stoguantity of sample (preliminary test) to one of the flasks. Dilute
age. Although this will not guarantee that odor changes will nothe contents of each flask to a total volume of 200 mL with
take place, it minimizes the effect in most cases. Store thedor-free water. Stopper each flask and adjust the temperature
sample in a glass-stoppered bottle to minimize contaminatioto 40°C in a water bath. Vigorously swirl the stoppered flasks
with refrigerator odors. Precooling the sample in an ice batland present them to the odor tester. In presenting the flasks to
and in an odor-free atmosphere before refrigeration is advisedhe tester the position of the odor-containing flasks in the array
9.4 Record the sample temperature at the time of collectiorshall be randomized. The odor tester shall swirl a flask
This frequently is useful when relating laboratory results tovigorously exercising care to avoid spilling the contents. The

field conditions. flasks shall be held by the flat bottom with a finger on the cover
o or stopper during swirling. This minimizes imparting an odor
10. Preliminary Test near the opening of the flask prior to testing. Swirling distrib-

10.1 Preparation of a test series can be greatly simplified ifites the odorous substance uniformly in the vapor space. The
an approximation of odor intensity is first made as follows:tester shall remove the stopper or watch glass cover, place his
thoroughly scrub all glassware with a brush and odorles®ose at the top of the flask and test for odor using normal
detergent. Rinse with tap water and clean with chromic acidnhalation. If the odor tester fails to detect an odor, the dilution
solution. Rinse with reagent water, rinse with odor-free watertester then shall decrease the dilution (increase the concentra-
and store filled with odor-free water. Check all flasks to makeion) until a dilution is found at which the odor is perceptible,
sure no residual odor exists by testing with 200 mL of odor-fregusing the same procedure. The dilution tester shall record the
water at 40°C. results. Give the samples to the tester in generally increasing
concentration but not in a sequence of higher concentrations.
Insert sets of blanks, all flasks containing odor-free water, and

i ) i some lower concentrations during the testing to eliminate
10.2 To determine the estimated order of magnitude of thg essing or anticipation of the threshold level.

pdor intensity, the dilution tester shall pipet 25 mL of sample™ 11 3 |f there is odor perception, the dilution tester shall

into a clean, glass-stoppered (or watch-glass covered) 500-mMiynty all the flasks and prepare two blanks of odor-free water
conical flask. Dilute this to a total volumelof 200_ rr_1L by adding 3nd one 200-mL dilution containing half as much sample as in
175 mL of odor-free water at 40°C. For this preliminary testthe11 » Repeat this procedure until the odor tester fails to detect
dilution water may be added from a graduated cylinder. Do Nogp, odor. At this point the dilution tester shall make up the least
allow the pipet or the sample solution to touch the neck of thg,erceptible dilution and the odor tester shall repeat the test. If
flask. Stopper and warm the flask to 40°C in a water bathihe odor tester fails to confirm his first result, then the dilution

Avoid prolonged or direct heating. _ tester shall double the sample concentration until perception is
10.3 Mix by vigorously swirling three or four times, remove again obtained.

the stopper, and place the nose at the top of the flask. Test for

odor, using normal inhalation. Compare with a flask containingl2. Calculation

odor-free water. Note whether odor is detected. If odor is not 15 1 calculate the odor intensity as odor intensity index as
detected, prepare lower dilutions successively in clean flaskg|ows:
until the odor is just perceptible. It usually is convenient to

make a series of dilutions at the beginning. Odor testing
however must be from the highest dilution toward lower \where:

Note 1—Warning: Chromic acid is toxic and is a very powerful
oxidizing agent. Extreme caution should be exercised in its use.

Odor intensity index= 3.3 log(200/A) + 3D

dilutions. A = millilitres of sample or millilitres of aliquot of the
10.4 If the odor is detected in the initial dilution, dilute at primary dilution used, and

least 12.5 mL of original sample to a measured volume andD = number of 25 + 175 primary dilutions required to reach

record this primary dilution. Make subsequent lower dilutions the determinable magnitude of odor intensity.

and record the aliquot at which odor is just perceptible. 12.2 The odor intensity may be calculated as threshold odor
Calculate the estimated order of magnitude of the odohumber if desired by the procedure described in Annex A2.
intensity in accordance with Section 12.
13. Report

11. Procedure 13.1 Record the highest dilution at which the odor is just

11.1 The choice of dilutions for odor measurement dependperceptible and calculate the odor intensity index (Table 1
on the order of magnitude of odor intensity determined inshows the relationship between odor intensity index and
accordance with Section 10. The tester who determined thsample dilution.) Report the average and the range of the odor
odor intensity in the preliminary test shall now assume the roléntensity index obtained by two or more odor testers.
of making the dilutions for the other tester or testers, but shall 13.2 Report the elapsed time between sampling and analysis
do no testing himself. Primary dilutions shall contain at leasif this exceeds 30 min.
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TABLE 1 Dilution of Sample and Reporting of Results

Volume Threshold Odor Odor
Transferred - .
Number (Dilution Intensity
to Odor Factor) Index (Oll)
Flask, mL A

Original sample 200 1 0
100 2 1
50 4 2
25 8 3
12.5 16 4

Dilution A (25 mL of original sample diluted to 200 mL) 50 32 5
25 64 6
125 128 7

Dilution B (25 mL of dilution A diluted to 200 mL) 50 256 8
25 512 9
12.5 1024 10

Dilution C (25 mL of dilution B diluted to 200 mL) 50 2050 11
25 4100 12
125 8200 13

Dilution D (25 mL of dilution C diluted to 200 mL) 50 16 400 14
25 32 800 15
125 65 500 16

Dilution E (25 mL of dilution D diluted to 200 mL) 50 131 000 17
25 262 000 18
125 524 000 19
6.25 1 050 000 20

A Volume in odor flask made up to 200 mL with odor-free water.
14. Precision and Bias® within approximately one index numbé&rThe value may vary

14.1 A threshold number is not a precise value. In the casfor an individual with time of day or from day to day. _
of the single observer it represents a judgment at the time of 14.3 Person-person and person-chemical interactions exist.
testing. Panel results are more meaningful because individudine results will be modified by the choice of panelists, panel
differences have less influence on results. One or two observep&€, and chemical stimuli, all other factors being equal. The
can develop useful data if comparison with larger panels hafllowing data demonstrate the order of variability:

been made to check their sensitivity. Do not make comparisons Degrfees Sandard c 9f5d%

H 5 (o) tandar onfriaence
of da}tg from time to time or place to place unless a_II test hemical Variance Freedom Deviation Limits
conditions have been standardized carefully and there is som@&utanol 1.028 18 1.01 0.76, 1.49,
basis for comparision of observed intensities. m-cresol 0.125 4 0.35 0.21, 1.01

14.2 Duplicate values for odor intensity index obtained by a 14.4 The Results Advisor and technical operation section of
tester with an odorant at a given-time have been shown to agreRe executive subcommittee concur that these precision state-
ments meet the requirements of Practice D 2777 — 85.

15. Keywords
8 Supporting data for this test method have been filed at ASTM Headquarters. yw . .
Request RR: D-19-153 and RR: D-19-154. 15.1 odor; odor intensity; odor threshold; water
ANNEXES

(Mandatory Information)

Al. SUGGESTED ODOR CLASSIFICATION

Al.1 The types of odors present in waste water will varyused, but this practice is not recommended.
widely. Describe the odor type when desired. Table A1.1 will
be helpful as a guide in classifying the odor as to type. Often A1.2 The odor class can be established by comparison with

the initial sample odor differs from odors determined at varioushe perception levels of odor characteristics shown in Table
dilutions. If this odor fractionation occurs, report the first odor A1.2. Thus, if an odor is rated a “100” in sweetness, “50” in

characteristic as well as intermediate and final odor charactepungency, “0” in smokiness, and “50” in rottenness, the odor
Record corresponding dilutions. Judge the degrees of sweedhoyid be described as “estery” or “alcoholic.” Reference to
ness, pungency, smokiness, and rottenness of the odor at iy chemical types that produce these odors will guide the

desired dilution. If the characteristic being judged is high ingherator in determining whether the odor should be reported as
intensity, rate that characteristic as “100”; if medium, rate it as‘estery” or “alcoholic.”

“50"; and if low, rate it as “0". Intermediate ratings may be
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TABLE Al.1 Odors Classified by Chemical Types

Odor Characteristics
Pun- Smoki- Rotten- Odor Class Chemical Types Examples
Sweetness
gency ness ness
100 50 0 to 50 50 Estery esters lacquer, solvents, most fruits, many flowers.
ethers
lower ketones
100 50 to 0 to 100 50 Alcoholic phenols and cresols creosote, tars, smokes, alcohol, liquor, rose and spicy
100 alcohols flowers, spices and herbs.
hydrocarbons
50 50 0 to 50 50 Carbonyl aldehydes rancid fats, butter, stone fruits and nuts, violets, grasses
higher ketones and vegetables.
50 100 0 to 50 50 Acidic acid anhydrides vinegar, perspiration, rancid oils, resins, body odor,
organic acids garbage.
sulfur dioxide
100 50 to 50 to 0 to 100 Halide quinones insecticides, weed killers, musty and moldy odors, husks,
100 100 oxides and ozone medicinal odors, earth, peat.
halides
nitrogen compounds
50 50 100 100 Sulfury selenium compounds skunks, bears, foxes, rotting fish and meat, cabbage,
arsenicals onion, sewage.
mercaptans
sulfides
100 50 50 100 Unsaturated acetylene derivatives paint thinners, varnish, kerosine, turpentine, essential oils,
butadiene cucumber.
isoprene
100 50 0 to 50 100 Basic vinyl monomers fecal odors, manure, fish and shellfish, stale flowers such
amines as lilac, lily, jasmine, and honeysuckle.
alkaloids
ammonia

A The degree of odor characteristic perceived is designated as follows:
100 indicates a high level of perception,

50 indicates a medium level of perception, and

0 indicates a low level of perception.
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TABLE A1.2 Odor Threshold Concentrations for Various Chemicals A

. No. of No. of Threshold Odor Level © ppm
Chemical . .
Panelists Observations Average Range

Acetic acid 9 9 243 5.07 to 81.2
Acetone 12 17 40.9 1.29 to 330
Acetophenone 17 154 0.17 0.0039 to 2.02
Acrylonitrile 16 104 18.6 0.0031 to 50.4
Allyl chloride © 10 10 14 700 3660 to 29 300
n-Amyl acetate 18 139 0.08 0.0017 to 0.86
Aniline 8 8 70.1 2.0to 128
Benzene © 13 18 31.3 0.84 t0 53.6
n-Butanol 32 167 25 0.012 to 25.3
p-Chlorophenol 16 24 1.24 0.02 to 20.4
o-Cresol 13 21 0.65 0.016 to 4.1
m-Cresol 29 147 0.68 0.016 to 4.0
Dichloroisopropylether 8 8 0.32 0.017to 1.1
2—-4-Dichlorophenol 10 94 0.21 0.02to 1.35
Dimethylamine 12 29 23.2 0.01 to 42.5
Ethylacrylate 9 9 0.0067 0.0018 to 0.0141
Formaldehyde 10 11 49.9 0.8 to 102
2-Mercaptoethanol 9 9 0.64 0.07to 1.1
Mesitylene ? 13 19 0.027 0.00024 to 0.062
Methylamine 10 10 3.33 0.65 to 5.23
Methyl ethyl pyridine 16 20 0.05 0.0017 to 0.225
Methyl vinyl pyridine 8 8 0.04 0.015 to 0.12
B-Naphthol © 14 20 1.29 0.01 to 11.4
Octyl alcohol P 10 10 0.13 0.0087 to 0.56
Phenol 12 20 5.9 0.016 to 16.7
Pyridine 13 130 0.82 0.007 to 7.7
Quinoline 11 17 0.71 0.016 to 4.3
Styrene ? 16 23 0.73 0.02 to 2.6
Thiophenol © 10 10 13.5 2.05 to 32.8
Trimethylamine 10 10 1.7 0.04 to 5.17
Xylene P 16 21 2.21 0.26 to 4.13
n-Butyl mercaptan 8 94 0.006 0.001 to 0.06

A Reprinted with permission from Journal of American Water Works Association, Vol 55, July 1963, pp. 913-916.

B Threshold values based upon pure substances.

€ Threshold of a saturated aqueous solution. Solubility data not available.

P Dilutions started with saturated aqueous solution at room temperature; solubility data obtained from literature for correction back to pure substances.

A2. THRESHOLD ODOR NUMBER

A2.1 Odor intensity is frequently reported as threshold odor A2.3 The average person finds it difficult to grasp the
number which may be calculated as follows: significance of the high numerical values obtained when using
Threshold odor number (200/A) x 8 ° threshold 0(.jor.numb.er to report strong odor. ansequently, the
odor intensity index is recommended because it represents the
A2.2 The relationship to odor dilution is presented in Tablenumber of times the sample had to be diluted in half to reach
1. When reporting threshold odor values, give the median anghe threshold level.
range of values obtained by two or more testers. Threshold
odor numbers cannot be averaged.

A3. SUGGESTED ODOR INTENSITY REPORT FORM

A3.1 Fig. A3.1 illustrates the sequence of sample dilutionblanks, and dilutions 8 and 7 were presented in that order. Only
presentation and method of recording results for the determdilution 7 was identified. The results were recorded as -, B, —,
nation of threshold odor by three testers. The first tester waand + in the second vertical column moving upward. The tests
given dilutions of the sample corresponding to odor intensitywere continued until four positive identifications were made at
index values of 10, 9, 8, and 7 in that order. The tester failed t@jilution 7. The final results of (7), (8), and (7) respectively
identify the first three dilutions but did identify the last were recorded in the columns for each of the three testers. This

first column @ -,-,—, and+.Then dilution 9, a set of
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Sample No.: 17462 Sample Source: Plant ABC Effluent Date: July 7 Time: 10:00 am
Test Conditions: Temp 70°F; Rel. Humidity 55 %

Tester
Dilutions Volume oll
RAB FLJ MML
Original sample 200 0
100 1
50 2
25 3
12.5 4
Dilution A: 50 5
25 mL of original sample/200 mL 25 6
12.5 7 + 4+ + +(7) + 4+ + +(7)
BA BB
Dilution B: 50 8 - + + + +(8) + -
B B
25 mL of dilution A/200 mL 25 9 - ———= ———=
12.5 10 - - -
Dilution C: 50 11
25 mL of dilution B/200 mL 25 12
12.5 13

ASet of odor-free blanks.
FIG. A3.1 Suggested Odor Intensity Report Form

A4. THRESHOLD ODOR LEVELS

A4.1 The threshold odor levels for 32 organic chemicals are A4.2 A cautionary note regarding field use of threshold data
presented in Table A1.2. For some chemicals these results weobtained with pure substances may be appropriate. These
calculated from solubility data. Where solubility data were notsubstances, in mixtures, may produce odors greater than or less
available, the results are based on a saturated aqueous solutiban expected on the basis of direct addition, and the effect
as the starting sample. For all other chemicals the threshold isoted in mixtures, whether synergism or antagonism, may be
based on the pure substance. quite marked, depending on the chemicals involved.
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