NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QH”) Designation: D 2667 — 95

Standard Test Method for
Biodegradability of Alkylbenzene Sulfonates

1

This standard is issued under the fixed designation D 2667; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope Following two adaptive transfers, biodegradation is determined
1.1 This test methdctovers the determination of the degree by measuring the reduction in surfactant content during the test
of biodegradability of alkylbenzene sulfonates. It serves as aReriod. o _ _
index of the suitability of the sulfonate for general use as a 3-3 In the confirming test, activated sludge obtained from a
surfactant. sewage treatment plant is used. The sludge, the surfactant to be
1.2 In general, this test method distinguishes between suf¢sted, and a synthetic sewage used as an energy source for the
fonates in which the alkyl side chains are linear and those if§ludge microorganisms are all placed in a specially designed
which they are branched, since the former are more readilg€ration chamber. The mixture is aerated for 23 h, allowed to
biodegradable. If the alkylbenzene sulfonate in fully formu-Settle, and the supernatant material removed. The sludge
lated products is to be examined, it must be extracted using tH€maining in the aeration chamber is then brought back to
method noted in Annex Al. (See Appendix X1 for data.) volume with fresh surfactant and synthetic sewage and the
1.3 This standard does not purport to address all of thepycle repeated. Blodegra}datmn is determined by the reduction
safety concerns, if any, associated with its use. It is thdn surfactant content during each cycle.
responsibility of the user of this standard to establish appro4. Significance and Use

priate safety and health practices and determine the applica- 4.1 This test method is designed to determine whether the

lE))I“Ecy gfhregiulatory "ml'tﬁf'orf]s prior tot usel\élater;al_slafeéy . sulfonate tested will be removed sufficiently by usual methods

tha a f eﬁ S a:je avai at € for reagents and materials. Reviey sewage treatment for the effluent to be safely discharged to
em for hazards prior fo usage. the environment without further treatment.

2. Referenced Documents 4.2 If tge zlériz/ict&nt red;;ct_ioln_in the p(;esu(;n{:)ti\ée tezt equztil?
21 ASTM Standards: or exceeds 6, the material is considered to be adequately

biodegradable without further testing.
D 1293 Test Methods for pH of Wafer o , :
D 2330 Test Method for Methylene Blue Active Sub- 4.3 If the surfactant reduction in the presumptive test is

between 80 and 90 %, the material should be subjected to the
stance$

E 1625 Test Method for Determining Biodegradability of confirming test.

. . . . . 2 4.4 If the surfactant reduction in the presumptive test is
ggig; Chemicals in Semi-Continuous Activated Sludgebelow 80 %, the material is considered inadequately biode-

gradable.
4.5 Ifitis necessary to run the confirming test, the surfactant
3. Summary of Test Method reduction in this test ?/nust be at least 90 °/go for the material to
3.1 The sample is first subjected to a presumptive test basds considered adequately biodegradable.
on shake culture. When necessary, the sample may be sub-4.6 An example of data from both the presumptive and
jected to a confirming test based on semicontinuous treatmenbnfirming test can be found in Appendix X4.
with activated sludge. . . _ PRESUMPTIVE TEST (SHAKE CULTURE)
3.2 In the presumptive test, microorganisms are inoculated
into a flask that contains a chemically defined microbial growth?- Apparatus
medium (basal medium) and the surfactant to be tested. 5.1 Shaking Machine-A reciprocating shaker operating at
Aeration is accomplished by continuous shaking of the flaskabout 128 strokes of 51 to 101.6 mm (2 to 4 in.)/min or a

1 This test method is under the jurisdiction of ASTM Committee E-47 on 2 Annual Book of ASTM Standardgol 11.01.
Biological Effects and Environmental Fateand is the direct responsibility of 4 Annual Book of ASTM Standardéol 11.02
Subcommittee E47.06 on Environmental Fate of Chemical Substances. o

Current edition approved Oct 10, 1995. Published December 1995. Originally ° Annual Book of ASTM Standagdéol 11.05.
published as D 2667 — 67 T. Last previous edition D 2667 — 89.

2 This test method is based on “A Procedure and Standards for the Determination
of the Biodegradability of Alkyl Benzene Sulfonate and Linear Alkylate Sulfonate”
by the Committee on Biodegradation Test Methods of the Soap and the Detergent
Association,Journal of the Americal Oil Chemists’ Sociedgl 42, 1965, p. 986.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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gyrator shaker operating at 225 to 250 r/min with an amplitudeof linear alkyl sulfonat® is less than 90 % removal as
of 25to 51 mm (1 to 2 in.) should be used. (Other shakers mayneasured by methylene blue active substance (MBAS) loss.
be used if equivalent aeration can be demonstrated.) 8. Procedure

6. Reagents and Materials 8.1 Addition of Surfactant to Basal Medium

6.1 Purity of Water—Either distilled or deionized water may ~ 8.1.1 Add 10 mg/L of surfactah{active basis) to the flasks
be used in this test. It must be free of bacteriostatic materialontaining basal medium. If surfactant stock solutions are used,
Water derived from steam condensate in many cases witability during storage must be confirmed.

contain amines which are inhibitory to microbial growth. 8.1.2 Use one flask for each surfactant being tested, plus one
6.2 Basal Medium control flask for LAS® additional controls if desired (see Note
6.2.1 The composition of the basal medium shall be as), and one blank flask containing all basal medium compo-
follows: nents but with no surfactant.
NH,CI 3049 NoTe 3—A reference LAS sample that meets the standards of biode-
,\KAZ"'S%Of?H o 3'259 gradability of both the presumptive and confirming tests is available
chl e 0:253 through the Environmental Protection Agency (EPA). This sample is a
FeSO,-7H,0 0.002 g composite of several commercially available products, believed to be
Yeast extract 0.30¢ typical (from a biodegradability standpoint) of LAS surfactants in
Water 0L commercial use. It is suggested that a control test should be conducted

. . ing this material, whenever surfactant biodegradability determinations
6.2.2 The basal medium may be prepared by Sequemla”'gfe undertaken. Biodegradation values for the EPA LAS standard are

dissolving the NHCI, K2HPO43 K(_:l’ and FeSQ, in appro_xi- noted in the accompanying data from the EPA. A more complete and
mately 800 mL water and adeStIng the pH to E:ZOZ W|th recent ana|ysis may be found in Append|x X2.

a dilute solution of hydrochloric acid or sodium hydroxide. The Nore 4—Failure to repeatedly attain prescribed biodegradation values
yeast extract and MgS@lissolved in 200 mL water are then for the surfactant control (LAS) indicates that conditions are unfavorable
added with stirring to the former solution. Alternatively, the for normal microbial activity or that an analytical problem exists. Such
medium may be prepared using suitable stock solutions of th%roble_ms shoulq be investigated by an experienced microbiologist or an
salts, but the pH must be adjusted before the MgiS@dded. analytical Chem'st' ) ) ) i

In either case, the yeast extract must be added in dry form 8.2 Inoculation—Using the culture described in 6.3,_ inocu-
immediately before Use. It is important to use the basal mediurfit€ the flasks. Use the same culture for all flasks including
immediately after preparation to avoid bacterial growth. Thecontrol and blank. Use 1 mL of inoculum for each 100 mL of
basal medium shall be dispensed into one of the followind®@S&! medium in the flask.

Erlenmeyer flasks: 500 mL in a 1-L flask, 1000 mL in a 2-L 8.3 Incubation—Place flasks containing basal medium, sur-
flask. and 1500 mL in a 4-L flask. ’ factant, and inoculum on a shaking machine that will produce

acceptable aeration and mixing for biodegradation. Maintain

Note 1—The 1-L and 2-L flasks are best suited for a gyratory shakerthe temperature of the flask contents at—_b—23°C’ and measure,
and the 4-L flask for a reciprocating shaker. ; ; ;

Note 2—The pH of the medium should be checked before use ancﬁ]ré?]’t;faggﬁesesﬁgg ?(?jsat éhﬁ)p; of the media at the start of each
adjusted to pH 6.8 to 7.2 if necessary. . . . ) . L .

: P Y . 8.4 Adaptation(acclimation)—Prior to beginning the bio-

6.2.3 The flasks shall be stoppered with cotton plugs or thgieqradation test, make two 72-h acclimation transfers from the
equivalent to reduce contamination and evaporation. flasks from 8.3 according to the following illustrative drawing

6.3 Microbial Culture: -~~~ _ describing the sequence comprising 8.2, 8.3, and 8.4.
6.3.1 Source—The microbial inoculum may be obtained gg Analysis (see Test Method D 2330):

from any of the following sources:
6.3.1.1 Natural sources (soiI, river/lake water, sewage, acti- Note 5—ltis important to follow Test Method D 2330 exactly since it
vated sludge, secondary effluent, and so forth) is known to eliminate the effects of interfering ions that might be present.

6.3.1.2 Laboratory cultures (activated sludge, river die- 8.5.1 To follow the course of biodegradation, remove
away, and so forth). samples from the shake flasks for analysis. Samples must be

6.3.2 Maintenance of Culture-If desired, the culture may taken during the 8-day test at zero time (immediately after
be maintained as a shake flask culture by weekly transfers ifioculation and mixing of the flask contents) and on the
the basal medium plus 10 mg/L linear alkyl sulfonate (LAS). Seventh and eighth days. Samples at zero time of the two
For each weekly transfer use 1 mL of 7-day culture for eacHdaptive transfers are desirable to ensure proper initial concen-

100 mL of fresh medium. tration. Unless analyses are run immediately, the addition of 1
o mL of formaldehyde/100 mL of sample should be used for
7. Standardization preservation for any sample (0 time or 7 or 8 days). When

7.1 As a control on the culture and test conditions used, thereservative is used, add to all samples including blank, and
total run is invalid if the result with a suitable reference samplestore the samples at 4°C.

®LAS may be obtained through the EPA, Quality Assurance Branch of the
Environmental Monitoring and Support Laboratory, Cincinnati, OH 45268.

7 Supporting data suggest that concentrations in excess of 10 mg/L may be
inhibitory to the microorganisms in the shake culture. Data are available from
ASTM Headquarters.
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8.5.2 Since the analytical result from the blank sample is X=(100—Y + 2) )
used to correct the results from the other flasks, use the same

sample size (or dilution factor) for the blank as is used for the\\l(VhE:ec:)bserved ercentage removal value. and
other samples. p g .

Z = small value.
. As all calculations were done by computer, a rangeZof
9. Calculation values from 0 to 2.0 was explored. It was found tAat 0.1

9.1 Calculate the net surfactant concentration by subtractingccessfully stabilized the variance. In the transformed state

other flasks. ~10.2.4 After transformation, means were determined and an
9.2 Calculate the percentage removal from the reduction iRnalysis of variance performed to estimate the components of
surfactant concentration as follows: variance for the sources listed above. Using these statistics,
Percentage removéDayx) = [((Sy — By) — (S, — B)/(S — By)] confidence limits around the true percentage removal and
x 100 (1)  lower tolerance limits for individual results were calculated.
where: 10.3 Results _ _
S and § analyses of test surfactant cultures, and 10.3.1 Components of VarianeeDuring the early work,

analyses of the components of variance indicated no need for
duplicate analyses and only single analyses were run for the
remainder of the study. Considering the other sources of
9.3 The result of the test shall be calculated as the avera%eariabi“ty’ laboratory-to-laboratory variations were signifi-
of the seventh and eighth day percentage removals. antly greater than variation betwgen runs in the same labora-
tory. Table 1 summarizes the relative importance of the sources

10. Precision and Bias cr)r:‘a\;g::glt;ility. These data are pooled variances from five LAS

10.1 Summary-Statistical analyses were employed to de- 1 3 > Confidence and Tolerance LimitsTable 2 presents

termine the reproducibility of the methods and the best,a means and limits obtained. The lower tolerance limit is that

estimate of the true percentage rer_noval. Using these statisti¢S | e above which 95.0 % of the results of single determina-
for each surfactant, confidence limits around the true percentjyns are expected to fall (with 95 % confidence).

age removal and lower tolerance limits for individual results
were calculated. CONFIRMING TEST
10.2 Statistical Approach Used (SEMICONTINUOUS ACTIVATED SLUDGE)
10.2.1 Three cooperative experiments were conducted dur-
ing a 15-month period. Each experiment was designed td1l. Apparatus
provide for replicate units within each run and replicate runs 11.1 Aeration Chambergsee Fig. 1):
for each laboratory. Additionally, in the first experiment, 11.1.1 Constructior—Use methyl methacrylate tubing 83
replicate analyses for each unit were obtained, Thus, foufnm (3v4in.) in inside diameter. Taper the lower end 30° from
levels or sources of variability were investigated: laboratorythe vertical to a 13-mm¥-in.) hemisphere at the bottom.
to-laboratory, run-to-run within laboratories, unit-to-unit | pcate the bottom of a 25.4-mm (1-in.) diameter opening for
within runs, and analysis-to-analysis within units. insertion of the air delivery tube 25.4 mm above the joint of the
10.2.2 Since all the participating laboratories did not havesertical and tapered wall. The total length of the aeration
the facilities to conduct the entire testing scheme, the statisticghamber should be at least 600 mm (24 in.). An optional
analysis was performed recognizing the varying number ofiraining hole may be located at the 500-mL level to facilitate
degrees of freedom in the experimental design. Test results 8ampling. Units are left open to the atmosphere. Glass can be
each level of variability were averaged to yield the average foysed as an alternative to methyl methacrylate.
the next higher level; for example, the grand mean is the 11.1.2 Mounting—Mount the units perpendicularly.
average of laboratory means rather than the average of indi- 11.1.3 Sampling—Sample optionally, by siphon, through
vidual runs or unit means. It is believed that any slight loss inthe top of the unit or by a drain tube at the 500-mL level.
precision of the confidence limits is of less importance than
unduly biasing the results when a few laboratories submit a
larger proportion of the determinations.
10.2.3 It was observed from the first set of data that
variaility increased as the percentage removal decreased, and TABLE 1 Sources of Variability
that the distribution of results was skewed toward the lower

B, and B, analyses of blank cultures, on Days 0 aqd

expressed as concentrations of MBAS, mg/L.

t | | A R tabilizi t th Shake Flask Semicontinuous
ercentage removal values. AsS a variance stabilizing step, the ot
p g p 8 i d ddi g p db Source of Variation Variance Degrees of Variance Degrees of
square root transformation attributed to Yates and discussed by Freedom Freedom
Bartletf was applied to the data prior to analysis. The Laboratory-tolaboratory 01928 " 0.2045 0
transformation used was: Run-to-run 0.0585 66 0.0425 39
B ———— Unit-to-unit 0.0120 97 0.0033 36
i inati A A
8 Barlett, M. S., “The Use of TransformationBiometrics,Vol 3, No. 1, March Total for single determination 0.2633 31 0.2503 20

1947, pp. 39-52. A Harmonic mean.
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TABLE 2 Precision and Bias of Surfactant Removed, Percent

Shake Flask Test

Semicontinuous Test

Sample 95 % Lower Number Number 95% Lower Number Number
Mean Confidence Tolerance of Labo- of Rens Mean Confidence Tolerance, of Labo- of Rens
Limits Limits? ratories P Limits Limits? ratories P
LAS composite 1-1 93.5 92.1to 94.8 86.8 11 52 97.4 95.9 to 98.6 92.3 7 27
LAS 3S 95.6 94.5 to 96.5 89.7 15 86 98.3 97.1t0 99.2 93.9 11 43
ABS Lot 3 21.5 14.0 to 29.0 0 13 43 58.2 46.5 to 69.9 9.4 12 12
Unknowns:
A 94.5 92.2 to 96.5 88.2 7 23 97.5 95.6 to 98.8 92.5 4 11
B 90.0 87.2t0 92.5 82.0 8 25 94.5 92.8 to 96.0 87.8 5 15
C 94.0 91.3to 96.1 87.4 7 25 97.4 95.0 to 99.1 92.4 4 10
A 95 % of individual results will fall above this value (95 % confidence).
-3 — ] —
IR ‘
I
!
L ‘ L~
I
. “
I
L 1 m——
J
|
610 mm }
(28"

-» le—64mm()) OR GREATER

b !

STOPPER
approx optional: dritl FLUSH WITH
22mm |or (/8”) hole for drain INSIDE WALL

[N device at the)

500 mi level T \"‘

RUBBER STOPPER

254 mm (") DIA HOLE
— CENTERED IN CHAMBER

254mm (")

I

FIG. 1 Semicontinuous Activated Sludge Aeration Chamber

Inoculation 1 mL/100 mL I mL/100 mL
Incubate I Incubate
_— —_—
A raker L\ & ko Zz\ ’
shaker shaker
Medium Fresh medium
plus surfactant plus surfactant TT ]A
Adaptation Biod%grz:dation
es



iy D 2667

11.1.4 Air Delivery—Use an 8-mm outside diameter, 2-mm mum amount of silicone defoamant to keep foam within the
inside diameter capillary tube. Locate the end of the capillaryunit.
7 mm (/2 in.) from the bottom of the aeration chamber. 14.4 Chamber Care-In order to prevent the accumulation
. of solids and surfactant above the liquid, the walls of the unit
12. Reagents and Materials o S

i o ) should be cleaned periodically. Maintain a separate scraper or

12.1 Activated Sludge-For initial tests, collect activated prysh for each unit to reduce cross contamination. Just after
sludge from a sewage plant that treats principally domestigeeding, scrape and rinse down the residual solids which cling
wastes. Adjust the suspended solids by dilution with city tapg the chamber walls; and scrape later as necessary, but not
water to 2500 mg/L to start the test. If desired, Iaboratoryacduring the las8 h of thecycle.
climated sludge (that is, acclimated to the synthetic sewage and 14 5 |nitial Feeding of Test Surfactants to Fresh Sludgé
the feeding schedule) may be used. Maintain the mixed liquofhe sjudge is not acclimated to the test surfactant, use the

suspended solids at 2580 500 mg/L by discarding solids as following incremental surfactant feed schedule:
necessary throughout the test. If mixed liquor suspended solids Day 0 Feed 4 mg/L surfactant

fall below 2500 mg/L, sludge thickening may be required. (See  pay 1 Feed 8 mg/L surfactant
Test Method E 1625 for thickening activated sludge suspended Day 2 Feed 12 mg/L surfactant

solids ) Day 3 Feed 16 mg/L surfactant
. . . Day 4 Feed 20 mg/L surfactant and continue daily throughout the test
12.2 Synthetic Sewage Stock Solution ) )
Glucose 130 g 14.6 Daily Routine . . .
Nutrient broth 130¢ 14.6.1 If necessary, remove sufficient mixed liquor or
g?;;tzgif; hydrogen phosphate ggg thicken sludge to maintain suspended solids between 2000 and
Ammonium sulfate 259 3000 mg/l—- (See 12-1-)

Make up to 1 L with city tap water; dissolve by heating to 14.6.2 Stop aeration to allow settling for 30 min.
just below the boiling point. Store in a refrigerator at less than 14.6.3 Read 30-min settled sludge volume (see 14.10). This

. ) Co L step is optional.
7°C. Discard stock solution if evidence of biological growth
appears (turbidity to the eye—confirm with a microscope if 14.6.4 Remove upper 1000 mL (effiuent) for sub_seque_nt
desired). analyses, leaving 500 mL of settled sludge and liquor in

12.3 Silicone Defoamart. aeration chamber. _
12.4 Compressed AiFilter through glass wool or other ~ 14.6.5 Resume aeration. _ N
suitable medium to remove contamination (oil, and so forth). 14.6.6 Add 1000 mL feed to chamber; target composition of

the feed is:
13. Calibration and Standardization Glucose, nutrient broth, beef extract, 130 mg/L each
13.1 Blank Controls—With each run, maintain one blank and phosphate
. . . Ammonium sulfate 25 mg/L
unit on feed, as for the other test units, but without surfactant. g tactant 20 mglL (or zero for the blank)

(The surfactant analyses on influents and effluents of this unit . . .
are subtracted from those of the test units.) 14.6.7 When influent analysis is needed (see 14.7), combine

13.2 Internal Control Surfactant-With each run, include he foIIowmg: _
one unit-fed LAS as a control on sludge suitability and 10 mL of synthetic sewage stock solution (12.2)

. " 20 mg of surfactant (if stock solution is used, stability during storage must

operating conditions. be confirmed)

13.3 Validatiorn Tap water to bring to volume (1000 mL total).

13(;:3{'1 FO}[ Ieaclh surfactant, the result is invalid if the 14 g g \When influent analysis is not needed, add the follow-
conditions of level operation are not met (see 15.2). ing directly to the chamber:

13.3.2 As a control on the sludge and operating conditions, , ,
10 mL of synthetic stock sewage solution (see 12.2)

results of the total run are invalid if the result for LAS (Note 3) 20 mg of surfactant

is not met. Tap water to bring to volume (1000 mL total)

14. Procedure 14.6.9 Clean walls of aeration chamber (see 14.4).
14.1 Aeration Chamber 14.6.10 Tﬁkef sarpplgl, if required, for suspended solids (see
14.1.1 Operating Liquid Volume-1500 mL. 14.9) 2 0 3 h after feeding.

14.1.2 Effluent and Feed Volurae1000 mL daily (500 mL ~_ 14.7 Surfactant Analysis (MBAS{see Test Method

of settle sludge and liquid remains in the unit after effluent isD 2330):

removed). 14.7.1 Samples
14.1.3 Air Rate—Maintain at 500 mL/min (1 f’h). 14.7.1.1 Influent for each unit including blank (see 14.6.7).
14.1.4 Temperature-Maintain at 25+ 3°C. 14.7.1.2 Unfiltered effluent from each unit including blank

14.2 Aeration and Settling-The aeration period must aver- (14.6.4).

age as a 23 h/day with individual deviations of no more than 1 14.7.2 Frequency

h. The settling period must be at led4th. 14.7.2.1Influent—On each of 5 days, not including the
14.3 Defoamant—If excessive foaming occurs, use a mini- incremental surfactant build-up period (see 14.5). At least three

® Union Carbide’s SAG 470 has been found satisfactory.



iy D 2667

of the influent samples should fall within the “level operation” Removal(Dayx ), % = [(S§ — S.)/S] X 100 (3)

period (15.2). )
14.7.2.2 Effuent—Dalily. Wwhere: o
14.7.3 Sample PreservatierPreserve samples with 1 mL S = average cl)f f:(v_e f||nfluent a:walyses corrected by sub-

of 37 % formaldehyde solution per 100 mL of samples, andSe _ g%ﬁtg]% ; naz;?ys:ens rl:]eir?ttjs??ha:eytfl:%kae?f?u ent analyses for

s'?.ore at 4°C unless analyses are run immediately after sam- that day.

pling.

14.7.4 Blank Analysis—Since the analytical result of the 15'1'? The re731(1jlt of thedtefstl is Ithe avt?rage %erf(_:enéa_ge
blank unit is used to convert the results of the other units, us%emova over a /-Gay period of level operation as defined In

the same sample size (or dilution factor) for the blank as is use o2 . o )

for the other samples. 15.2 Level Operfatlon—l_.evel operation is determlngd sepa-
14.8 Effluent pH Analysis (Optiona#)- (See Appendix X3) rately for each unit and is defined as a 7-day period during

Determine pH on unfiltered effluent. which the difference in percentage removal on any two
14.9 Suspended Solids Analysisee Appendix X3): consecutive days is no more than 5% and the difference in

14.9.1 Sample mixed liquor D3 h after feeding. Scrape 2verage percentage removal for the first 3 days and the average
walls within 30 min prior to sampling. To remove possible for the last 3 days is no more than 3 %. Unless analyses are run

stratification of sludge, temporarily increase air flow 2 to 5 minimmediately, the addition of 1 mL of formaldehyde/100 mL of
prior to sampling. sample should be used for preservation for any sample. When

14.9.2 Sample at 3 to 4-day intervals. preservative is used, add to all samples including the blank.
14.10 Sludge Volume Index Determination (Optionédee 15.3 Sludge Volume IndeNote 6):

Appendix X3): Sludge volume index settled volume in mL after
14.10.1 Determine on the same days as for settled solids. 30 min/suspended solids in mg# 667
14.10.2 Observe settled sludge volume on the unit after Q)
30-min settling time. o _ _ Note 6—The factor 667 is used since the total volume being settled is
14.11 Test Duratior—The minimum time required for test- 1500 mL. This calculation gives the same result as the method given in
ing a new surfactant is 15 days, as follows: Appendix X3.
5 days for incremental surfactant buildup (see 14.5) . .
3 days equilibration at 20-mg/L surfactant 16. Precision and Bias

7 days level operation as defined below (see 15.2)

16.1 See Section 10.
15. Calculation

15.1 Surfactant Removal
15.1.1 Calculate daily percentage surfactant removals start- 17.1 alkylbenzene sulfonate; biodegradability; confirming
ing with the fourth day on which the surfactant feed is 20test; presumptive test; semicontinuous activated sludge; shake

mg/L: culture

17. Keywords

ANNEXES
(Mandatory Information)

Al. EXTRACTION OF ALKYLBENZENE SULPHONATE (ABS) FROM DETERGENT PRODUCTS

Al.1 The method recommended for extraction of theexceed 90 % wi/w, and it is necessary to determine the anionic
surfactant from the product is based on the Organisation fosurfactant content of the product if this is unknown. This value
Economic Cooperation and Development (OECD) publicatiorand the concentration of the stock solution of surfactant used in
“Pollution by Detergents—Determination of the Biodegrad-the biodegradability tests can be determined by titration with a
ability of Anionic Synthetic Surface Active Agentd”A wide  standard solution of the cationic surfactant Hyamine.
irgcg\e/e%f cbour;dm(;n?ag;e (;‘peﬁg:jeudc'tsv(;ﬁgﬁgggrc())natnr:j Fsror?:td Al1.3 The quantities of product, water, and isopropanol used
critical p;rovided that the aq[l)Jeous p;hase .conFt)ainps at least 70in the extraction vary with both product type and surfactant

’ X ntent and may need to be established in each case, but the
anhydrous potassium carbonate per 100 mL throughout th eneral procedure is given below
extraction procedure. This ensures that the “salting out” of th ’
isopropanol and the ABS from the aqueous phase is complete. A1.4 The quantity of the powder sample used should be
sufficient to give approximatgll g of surfactant. It is weighed
Al1.2 Recovery of the surfactant from the product mustinto a dry 250-mL beaker and the appropriate volume of

19publications de L' OCDE, 2 rue Andre-Pascal, Paris-16e, No. 29.651, Depot
Legal 2296, 1972.
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reagent grade water added to produce a thin paste. A magnefimnel is washed with isopropanol and the washings added to
stirrer was added to the sample that was placed on a stir platthe extract. The extract is evaporated to dryness on a steam
The sti.rrer speed is qdjusted so that the liquid is stirred withoubath by passing a stream of nitrogen gently over the surface of
splashing. The required mass of anhydrous potassium carbothe liquid. The extract is dried to constant weight, that is, until
ate is weighed into a dry 50-mL beaker and added gradually teyo successive weighings differ by less than 0.1 g.

the stirred liquid. The mixture is stirred for 10 min, and then an

appropriate quantity of isopropanol was added. The mixture A1.6 The ABS content of the extract is determined by
tends to thicken at this stage, and it may be necessary t@phasic titration with standard Hyamine solution using dim-
increase the stirrer speed to avoid separation of the organigiym promide/disulphine blue mixed indicator (see Annex
phase. The viscosity of the mixture falls again after SOmEy5y »nq the weight of surfactant extracted from the product is
minutes, and at this point itis necessary to re_duce the stirr alculated. This should be greater than 90 % to ensure that the
speed to prevent splashing. The mixture is stirred for a tota

period of at least 30 min, starting at the time when thepi((tgrdalf(t;fd material is representative of the surfactant in the

isopropanol is added. The mixture is filtered through a What*
man No. 541 filter using a Buchner funnel and washed with a . . .
further portion of isopropanol. The filtrate is transferred Al.7 The stock solution of surfactant used in the biode-

carefully to a 250-mL separating funnel washing the Biichnepradability tests is prepared by dissolving a suitable weight of
flask with small quantities of isopropanol. extract in 1 L of reagent grade water, and the surfactant content

is also determined by titration with Hyamine.
Al.5 The phases are separated, and the alcoholic extract is
transferred into a preweighed 100-mL beaker. The separating

A2. DETERMINATION OF ABS CONTENT OF THE PRODUCT AND ABS CONCENTRATION OF THE STOCK SOLUTION

A2.1 The titration procedure used to determine the ABStants are determined by titration with standardized solutions of
content of the product and the concentration of the ABS in thehe cationic surfactant, Hyamine 1622. A two-phase
stock solution is a standard method used for the determinatiofchloroform/water) titration and a mixed indicator system (that
of anionic surfactants in aqueous solutidhgénionic surfac- is, dimidium bromide/disulphine blue) are used.

APPENDIXES
(Nonmandatory Information)

X1. EXTRACTION DATA

TABLE X1.1 Extraction of LAS from Formulated Products—OECD Isopropanol Extraction Method AB

Product A B ce D E F
Weight of product, g 300 300 350 300 300 200
Volume of water, mL 1250 1250 1250 1250 1000
Weight of K,COg, g 1050 1050 315 1050 1050 700
Volume of isopropanol 1st extraction, mL 2250 2250 525 2250 2250 1500
Volume of isopropanol 2nd extraction, mL 750 750 175 750 750 500
Calculated weight of LAS, g 39.0 53.7 34.7 48.6 60.0 48.0
Weight of LAS recovered, g 394 54.1 345 48.9 56.7 47.2
LAS recovered, % 101.0 100.7 99.4 100.6 945 98.3

A OECD Environment Directorate, Proposed Method for the Determination of the Biodegradability of Surfactants Used in Synthetic Detergents, Paris 1976, Section 5.1.2,
pp. 20-23.

B Results obtained with two extractions with IPA. Testing Laboratory—Water Research Centre, Medmenham, United Kingdom.

€ Liquid product.

1 Reid, V. W., Longman, G. F., and Heinerth, E., “The Determination of Anionic
Active Detergents by Two Phase Mixed Indicator Titration,” Tenside, January 1967.
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TABLE X1.2 Extraction of LAS from Formulated Products—OECD Isopropanol Extraction Method AB

Product AC BC ce D E G
Weight of product, g 20 20 20 10 10 10
Volume of water, mL 50 50 50
Weight of K,COg, g 14 14 14 35 35 35
Volume of isopropanol 1st extraction, mL 30 30 30 50 75 50
Volume of isopropanol 2nd extraction, mL
Calculated weight of LAS, g 2.02 2.01 2.00 1.93 2.24 1.98
Weight of LAS recovered, g 1.83 1.81 1.83 1.91 2.35 2.15
LAS recovered, % 90.5 90.1 91.4 98.8 105.2 108.4

A OECD Environment Directorate, Proposed Method for the Determination of the Biodegradability of Surfactants Used in Synthetic Detergents, Paris 1976, Section 5.1.2,
pp. 20-23.

B Results obtained with single extraction with IPA. Testing Laboratory—Unilever Research Port Sunlight Laboratory, Merseyside, United Kingdom.
€ Liquid product.

TABLE X1.3 Extraction of LAS from Formulated Products—OECD Isopropanol Extraction Method AB

Product AC B C D
Weight of product, g 350 300 200 200
Volume of water, mL 1500 1000 1000
Weight of K,COg, g 315 1050 700 700
Volume of isopropanol 1st extraction, mL 525 2250 1500 1500
Volume of isopropanol 2nd extraction, mL 175 750 500 500
Calculated weight of LAS, g 35.2 36.3 44.8 39.7
Weight of LAS recovered, g 35.2 34.7 44.5 38.9
LAS recovered, % 100.0 95.6 99.3 98.0

A OECD Environment Directorate, Proposed Method for the Determination of the Biodegradability of Surfactants Used in Synthetic Detergents, Paris 1976, Section 5.1.2,

pp. 20-23.
B Results obtained with two extractions with IPA. Testing Laboratory—Unilever Research Port Sunlight Laboratory, Merseyside, United Kingdom.
€ Liquid product.

X2. BIODEGRADATION *2 AND ANALYTICAL DATA *3 ON EPA LAS REFERENCE SOLUTION

TABLE X2.1 Results of This Test Method (Presumptive Test—
Shake Culture) on EPA LAS Reference Sample Batch 0990,

TABLE X2.3 Analytical Results

Average Molecular Weight 342, % Active 6.03

t, Measured

Test Substance Concentration, Removal Removal
) Day 8, %  Average, %
mg active/L
EPA LAS reference 25.46 96.8

solution

TABLE X2.2 Results of This Test Method (Confirming Test—

Semi-Continuous Activated Sludge) on EPA LAS Reference

Sample Batch 0990, Average Molecular Weight 342, % Active 6.03

Test Substance

% MBAS Removed

EPA LAS reference solution

99.6

12 Conducted by Roy F. Weston Inc. Fate and Effects Laboratory, 254 Welsh Pool

Road, Lionville, PA 19341-1345.

13 Conducted by Industrial Testing Laboratories, Inc., 2350 S. Seventh St., St.

Louis, MO 63104-4296.

RFW No.:

Sample description:

ITL Laboratory No.:

Collection date:

Date received (laboratory):
Sample matrix:

Preparation (desulfonation) date:
Analysis date:

Sample weight/volume:

Extract volume:

Dilution factor:

Aliquot volume for desulfonation:
Final extract volume:

Injection volume:

Total organics (1):

Sulfur trioxide, before hydrolysis (2):
Sulfur trioxide, after hydrolysis (2):
Active content (3):

Isomer Distribution:

Cia %
Average chain length:
Average molecular weight:

9403F140-009
EPA Standard (0990)
244088

March 8, 1994
March 9, 1994
analytical standard
March 15, 1994
May 13, 1994
1.7196 g

100 mL

1

1mL

0.5 mL

1L

N.A.

1.46

1.46

6.19

15.68
38.62
38.81
6.89

0.00

11.37
339.2
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TABLE X2.3 Continued TABLE X2.3 Continued
Report No: 94-03-00993 Report No: 94-03-00993
Client: Weston Client: Weston
ITL Number 244088 ITL Number 244088-2 (duplicate)
RFW No. 9403F140-009 RFW No. 9403F140-009
Sample description EPA standard Sample description EPA standard
Desulfonation data 3/15/94 Desulfonation data 3/15/94
Date of analysis (month/day/year)  5/13/94 Date of analysis (month/day/year) 5/13/94
Run Number 19 Run Number 18
Chromatogram number 12 Chromatogram Number 13
Isomer Distribution, % retention time (min) Isomer Distribution, % retention time (min)
C10-5, area 3.352 24.65 C10-5, area 3.197 24.65
C10-4, area 3.003 25.07 C10-4, area 2.873 25.08
C10-3, area 3.375 25.97 C10-3, area 3.191 25.98
C10-2, area 4.937 27.76 C10-2, area 4.796 27.76
C10-total, % 15.68 C10-total, % 14.81
C11-6, area 3.595 29.47 C11-6, area 3.585 29.46
C11-5, area 8.112 29.62 C11-5, area 8.009 29.62
C11-4, area 6.620 30.10 C11-4, area 6.614 30.10
C11-3, area 7.594 31.10 C11-3, area 7.622 31.10
C11-2, area 10.207 32.87 C11-2, area 10.411 32.87
C1l-total, % 38.62 Cll-total, % 38.17
C12-6, area 7.110 34.29 C12-6, area 7.340 34.29
C12-5, area 7.320 3451 C12-5, area 7.474 34.50
C12-4, area 5.796 35.07 C12-4, area 5.773 35.07
C12-3, area 7.494 36.06 C12-3, area 7.764 36.06
C12-2, area 8.580 37.83 C12-2, area 9.184 37.83
C12-total, % 38.81 C12-total, % 39.53
C13-7,6, area 1.632 38.97 C13-7,6, area 1.789 38.97
C13-5, area 1.291 39.28 C13-5, area 1.412 39.29
C13-4, area 1.082 39.88 C13-4, area 1.202 39.89
C13-3, area 1.407 41.02 C13-3, area 1.537 41.03
C13-2, area 1.033 43.18 C13-2, area 1.174 43.18
C13-total, % 6.89 C13-total, % 7.49
C14-7, area 0.000 C14-7, area 0.000
C14-6, area 0.000 C14-6, area 0.000
C14-5, area 0.000 C14-5, area 0.000
C14-4, area 0.000 C14-4, area 0.000
C14-3, area 0.000 C14-3, area 0.000
C14-2, area 0.000 C14-2, area 0.000
C1l4-total, % 0.000 Cl4-total, % 0.000
Average chain length 11.37 Average chain length 11.40
Molecular weight 339.2 Molecular weight 339.6
Total area 93.54 Total area 94.95

X3. ANALYTICAL METHODS

X3.1 Suspended Solitts and weigh. Wet the filter paper. Place the dish on the rubber

X3.1.1 Applicability— This method shall be used for ng in the Bichner funnel and apply about 51 cm (20 in.) Hg
samples from the confirming test. of vacuum to the flask. Immediately add to thedish 20 to 100

X3.1.2 Apparatus mL of sample, which should yield 0.1 to 0.4 g of dry solids.

X3.1.2.1 Aluminum Dish with a perforated bottom, similar After the water has been extracted, dry the dish and contents
to a Buchner funnel, with an inside diameter of 92 mm and dor about 30 min at 103 to 105°C. Cool in desiccator and
height of 25 mm. weigh.

X3.1.2.2 Filter Paper, 90-mm diameter, rapid, qualitative. ~ X3.1.4 Calculation

X3.1.2.3 Sponge Rubber Ring®3-mm outside diameter, Suspended solids, mg/ [(W, — Wy mL of sampld x 1000

75-mm inside diameter, approximately 3 mm thick. (X3.1)
X3.1.2.4 Buchner FunnelNo. 2A, inside diameter at bot-

tom 93 mm. where:
X3.1.2.5 Filter Flask, 1-L size with side tube. W, = dry weight of dish and contents after filtration, and

X3.1.3 Procedure—Fit the filter paper in the aluminum dish Wo = dry weight of dish with filter paper.
and dry both in an oven at 103 to 105°C. Cool in a desiccator X3.1.5 Standard Deviationr-0.6 mg on a 100-g sample.

14 The methods for suspended solids and sludge volume index are adapted from
those given inStandard Methods for the Examination of Water and Waste Water
(12th Ed.), published by the American Public Health Association, 1790 Broadway,
New York, NY 10019.
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X3.2 pH (Optional): X3.3.2 Procedure—Take a 1-L sample from the aeration

X3.2.1 pH may be determined colorimetrically or by Test chamber; settle 30 min in a 1000-mL graduated cylinder; and
Methods D 1293, Tests for pH of Water, if greater accuracy ig€ad the volume occupied by the sludge in millilitres.

desired. X3.3.3 Calculation
X3.3 Sludge Volume Indé% (Optional): SVI = mL settled sludge< 1000/mg/L of suspended sol(i)((ig 2
X3.3.1 Definition—sludge volume index (S\he volume
occupied ly 1 g of activated sludge after settling the aerated
liquor for 30 mm.
X4. BIODEGRADATION DATA FOR A TYPICAL LAS SAMPLE
TABLE X4.1 LAS Biodegradation in Presumptive Test “ TABLE X4.2 LAS Biodegradation in Confirming Test A
Initial concentration 9.4 mg/L (MBAS) Test Sample Biodegradation, Mean %
Biodegradation (Day 7), % 93.6 LAS paste 97.0
94.7
. . 97.9 A Examples are taken from supporting data available from ASTM Headquarters.
Biodegradation (Day 8), % 96.8
97.9
96.8

A Examples are taken from supporting data available from ASTM Headquarters.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (http://www.astm.org).

10



