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This standard is issued under the fixed designation E 2170; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope headspace and increased dissolved inorganic carbon in the

1.1 This test method covers screening procedures for th@edium. o _
determining the biodegradation potential of organic chemicals 3:1.2 digester sludge-sludge which is obtained from an
under methanogenic conditions using an inoculum fromAnaerobic reactor used to reduce the solids recovered and
anaerobic sewage treatment. The conditions described in thigoduced during the treatment of wastewater. Such reactors are
test method are not necessarily optimal for biodegradatiorfenerally operated at 35°C with a typical retention time of 25
since it involves a dilute inoculum and a relatively high to 30 days.
concentration of test chemical.

1.2 The test method is applicable to most organic chemicals‘%' Summary of Test Method o
assuming that they can be accurately dosed into the test4-1 The test chemical _and an anaerobic dllgester_ sludge
systems. The test is not applicable to chemicals that ar&oculum are suspended in a defined anaerobic medium and
inhibitory at the concentration used in the test or those whosticubated in a sealed vessel at 35°C. The increase in headspace
volatility generates significant head pressure in the test vesseRféssure resulting from the production of carbon dioxide and

1.3 This standard does not purport to address all of themethane is measured at various time intervals using a pressure

safety concerns, if any, associated with its use. It is thdneasuring device. At the termination of the test, the level of
responsibility of the user of this standard to establish appro-dissolved carbon dioxide is assayed by measuring dissolved

priate safety and health practices and determine the applicalnorganic carbon in the medium. The amount of total gas
bility of regulatory limitations prior to useSpecific hazard Produced from the test chemical is determined by comparing
statements are given in Section 8. total gas production in the experimental treatments and the

blanks.
2. Referenced Documents

2.1 ASTM Standards: 5. Significance and Use
D 1193 Specification for Reagent Waiter 5.1 Biodegradation is an important process for the removal

D 5904 Test Method for Total Carbon, Inorganic Carbon of many chemical substances in anaerobic environments. In
and Organic Carbon in Water by Ultraviolet PersulfateMethanogenic environments, this process involves dissimila-

Oxidation, and Membrane Conductivity Detection tion to carbon dioxide and methane. _
D 5907 Test Method for Filterable and Non-filterable Mat- -2 This test method has been developed to screen organic
ter in Watef chemicals for anaerobic biodegradation potential under metha-

nogenic conditions, where there is no ingress of oxygen. A

3. Terminology high-biodegradability result in this test method is good evi-
3.1 Definitions: dence that the test substance will be biodegradable in waste
3.1.1 biodegradation potentiakthe ability of an organic ~treatment plant anaerobic digesters and in many natural envi-
chemical to undergo partial or complete biodegradation undgionments. Conversely, a low-biodegradation result may have
the conditions of the test. In the context of this test, biodegrac@uses other than poor biodegradability of the test substance.

dation is evidenced by the production of methane and carbothibition of the microbial inoculum by the test substance may

dioxide, which is measured as an increased pressure in tfEve occurred at the concentrations tested, or conditions in the
test may have been inappropriate for the development of an
- _ o _ acclimated microbial population. Toxicity should be suspected
_This test method is under the jurisdiction of ASTM Committee E47 on \yhan the gas production in the blanks exceeds that in the test
Biological Effects and Environmental Fateand is the direct responsibility of .
Subcommittee E47.060n Environmental Fate of Chemical Substances. vessels._ In _SUCh cases, further \{VOI‘k IS needed.to assess .the
Current edition approved Oct. 10, 2001. Published December 2001. anaerobic biodegradation potential of the chemical. An esti-

2 Annual Book of ASTM Standardsol 11.01. mate of the expected environmental concentration will help to
Annual Book of ASTM Standardéol 11.02.
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put any observed toxic effects into perspective. 9. Preparation of the Test Medium

6. Apparatus 9.1 All constituents with the excgption of the sodium sulfide

' are added to the water. The constituents can be added neat or

6.1 Incubator, water or sand bath, thermostatically con- as stock solutions. The use of stock solutions generally
trolled at 35+ 2°C. improves accuracy and convenience. The solution is auto-

6.2 Pressure-Resistant Glass Test Vessssh fitted with @ claved or alternatively heated to a boil while being mixed with
gas-tight septum, capable of withstanding about 2 bar. From g magnetic stirrer and being sparged with oxygen-free nitro-
praCtical pOint of VieW, the use of 160 mL serum bottles, WhiChgen_ After being autoclave or reaching a b0i|, the medium is
are often described in catalogs as 125 mL serum bottles, sealgdoled in an anaerobic chamber or with continued nitrogen
with butyl rubber serum stoppers with crimped aluminum capsparging. Once the medium has cooled to approximately 35°C,

is recommended. _ _ the sodium sulfide is added to the medium at which point, the
6.3 Pressure Measuring DevieeAn example of such a resazurin in the medium should be colorless.

device would be a pressure transducer attached to a syringe
needle, which may include a three-way gas-tight valve forl0. Inoculum
releasing excess pressure. The device should be calibratedip.1 Collect anaerobic sludge from a well functioning

under conditions relevant to the test setup. ~ anaerobic digester at a sewage treatment plant receiving
6.4 Carbon Analyzersuitable for the direct determination predominantly domestic wastewater. Sludge must be sampled
of organic and inorganic carbon in the test vessels. and transported in a manner that preserves its anaerobic

6.5 System for preparing and manipulating media, inoculantegrity. One approach is to collect sludge in a wide necked
and samples under anaerobic conditions. The system could gyethylene bottle filled to within 1 cm of the top and sealed
an anaerobic chamber or gas sparging system. tightly. Since pressure can build up in the bottle, the use of

. glass should be strictly avoided, and excess pressure must be
7. Reagents and Materials periodically released during transport and storage.

7.1 Purity of Reagents-Reagent grade chemicals should be  10.2 If the sludge contains large particulates, it may be
used in all tests. Unless otherwise indicated, it is intended thaippropriate to sieve it through a 2-mm mesh screen or a single
all reagents should conform to the specifications of thdayer of cheese cloth prior to use. To reduce background gas
Committee on Analytical Reagents of the American Chemicaproduction, it also may be appropriate to allow the sludge to
Society, where such specifications are available. Other gradefgest in the laboratory without addition of nutrients or
may be used, provided it is first ascertained that the reagent g bstrates for up to 10 days. Work by ECETQIJ* suggests
of sufficiently high purity to permit its use without lessening that 5 days gives an optimum decrease in background gas
the accuracy of the determination. production without an unacceptable increase in lag or incuba-

7.2 Purity of the Water—Unless otherwise indicated, refer- tion period. Some laboratories monitor gas production and use
ence to water shall be understood to mean reagent water e inoculum once gas production has reached a plateau. All

defined by Type IV of Specification D 1193. procedures must be conducted under conditions that preserve
~ 7.3 Test Medium-The test medium consists of the follow- the anaerobic integrity of the sludge (that is, in an anaerobic
ing constituents in water. chamber).

Anyhdrous potassium dihydrogen phosphate (KH,PO,) 0.27 g/L 10.3 Immediately prior to use, it may be appropriate to wash
Disodium hydrogen phosphate dodecahydrate (NaHPO,- 12 H,0) 1.12 g/L the sludge inoculum with anaerobic test medium to reduce
Ammonium chloride (NH,CI 0.53 g/L . . . . .
Calcium chloride dih;dra?e ()Cac|2_ 2 H,0) 0_0759g,L levels of inorganic and organic carbon. This is accqmpllshed
Magnesium chloride hexahydrate (MgCl,- 6 H,0) 0.10 giL by centrifuging sludge samples at a low speed (that is, 3000 g)
IF:ZZ ;Izll)mc:lg)l(tiz ;trliz?g;tf) (FeCl,- 4 H,0) g-gglg’gL/L and decanting the supernatant. The supernatant is discarded,
Sodium sulfide nonahydrate (Na,S - 9 H,0) 01 gL and the pellet resuspended in an equal volume of the test

edium. This process can be repeated as needed to reduce

ackground DIC below 10 mg DIC/I2), which is usually
accomplished with two washings. It is critical that all washing
procedures be performed in a manner that preserves the
anaerobic integrity of the sludge.
S-10.4 Prior to use, the total solids level of the sludge is
determined so upon dilution in the test medium, the final TS
aconcentration is 1-3 g/L in the inoculated medium.

7.4 With the exception of sodium sulfide, concentrated (10
X) stock solutions can be prepared for each constituent.

8. Hazards

8.1 This method includes the use of hazardous chemical
Avoid contact with the chemicals and follow manufacturer’s
instructions and Material Safety Data Sheets.

8.2 This test involves the use of digester sludge from
wastewater treatment plant. Avoid contact with sludge by using1. Preparation and Addition of Test Substances
gloves and other appropriate protective equipment. Use good
personal hygiene to minimize exposure to potentially harmfukals, prepare an aqueous stock solution, suspension or emul-

mlcroblqloglcal agents. . . sion, and dose aliquots to each test vessel. Ideally, the stock
8.3 Since pressure can build-up in the test vessels, select

inoculum levels, test substance concentrations and head space
volumes that will aV_0_|d h_eadSPace pressures that could exceeds tne poidface numbers in parentheses refer to a list of refernces at the end of this
safe pressure specifications established for the test vessels.test method.

11.1 In the case of water soluble or dispersible test chemi-
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should be prepared in anaerobic medium. Since addition of mixing. Acommon practice is to gently swirl or mix the bottles
test solution can alter the ratio of liquid to headspace and th2 or 3 times per week. Mixing resuspends the inoculum and
total solids content of the test vessels, the amount of addeehsures gaseous equilibrium. It is recommended that vessels be
liquid should be controlled or minimized. The volume of liquid thoroughly mixed prior to each measurement.

and the level of sludge solids must be identical in the blank 12.5 Pressure MeasurementsEach vessel can be outfitted
vessels and those receiving test material. Test substances thgth an individual pressure measurement device that is peri-
are insoluble can be directly added to the test vessels. Tegtlically monitored. Alternatively, a single measurement device
substance may be weighed directly into tared empty tesgan be used by inserting the syringe needle through the septum
vessels prior to purging oxygen from the vessels. Sinceind taking a reading. It is critical that the test vessel be
weighing such and transferring such low levels can be inaccunaintained at the incubation temperature during the measure-
rate, the test substance can be ground into a powder and mix@gent process. After recording the pressure, the pressure can be
with a known excess of fine sand, which will increase the masge-equilibrated to atmospheric pressure by releasing any head-
being added. Alternatively, the test material can be dissolved igpace pressure through the 3-way valve before removing the
a volatile solvent, and aliquots transferred to the empty testyringe needle from the septum. It is recommended that
vessels with subsequent evaporation of the solvent. Dosing @heasurements be taken weekly to allow the kinetics to be
deoxygenated test substance stock solutions to the test vessgjgowed and to provide guidance as to when the test can be
should be done in an anaerobic chamber or in a manner thedrminated. The typical duration of a test is 60 days.

maintains the anaerobic integrity of all solutions. 12.6 Measurement of Inorganic CarbemAfter the last
12. Procedure pressure measurement, allow the sludge to settle and open the

. test vessels. Immediately determine the concentration of inor-
12.1 Preparation of Test Vesseisht least three test vessels anic carbon (IC) in the clear supernatants. Centrifugation or

should be prepared for each test chemical. In addmonz at lea ration should be avoided since it could result in changes in
three blanks should be prepared for each test. Multiple teshe 1C

chemicals can be included in a single test. At least one vesse '

should be prepared for each reference compound. An option
inhibition control can be included that is dosed with equal
concentrations of both the test and reference chemical. Follow- 13.1 For practical reasons, the pressure of the gas is
ing the additions of test substances and solvent blanks @§easured in millibars or psi (1 mbar = 100 Pascals (Pa) and 1
needed, inoculated anaerobic test medium is added to ea@isi = 6 895 Pa). Psi should be converted to mbar (1 psi = 69
vessel. Constant mixing of inoculated medium using a magmbar).

netic bar is recommended during this process to ensure uniform 13.2 Carbon in Headspace-One mol of carbon dioxide
solids addition to each vessel. The recommended final addexhd 1 mol of methane each contain 12 g of carbon. The carbon
concentration of the sludge inoculum is between 1 and 3 g/Lcontent C) of any volume of a given volume of evolved gas is
The typical concentration of test material is 100 mg C/L.calculated by:
Lower concentrations can be tested if an adequate signal can be

achieved above the background in the blanks. All manipula-

tions should be conducted in an anaerobic chamber or in avhere:
manner that preserves the anaerobic integrity of the tes€C = mass of carbon in milligrams in a given volume of

%. Calculation and Expression of Results

C=12x10°%n 1)

systems. evolved gas,
12.2 Every test vessel should contain the same final volumel2 = atomic mass of carbon, and
of liquid and have the same headspace volume. The ratio o = moles of gas.
liquid volume to headspace should be based upon the predictedn is calculated from the gas law in the following manner:
pressure increase resulting from the complete mineralization of bV
the chemical and the measurement range of the transducer. At n=gt @)

no time should ratios be utilized that could result in the
development of pressures that exceed the pressure tolerance where:
the test vessels. Furthermore, high headspace pressures colld = headspace pressure in Pascals (Pa),
contribute to leakage. A typical configuration is 100 mL of test V = headspace volume in cubic meters,
media in a 160 mL serum bottle. R gas constant (8.314 J/(mol K), and

12.3 Once inoculated and dosed, each vessel should b& = teémperature in Kelvin.
stoppered and crimp sealed. The vessels are allowed to Thus, the carbon evolvedC§) as mg of gas in each vessel
equilibrate fo 1 h at 35+ 2. At this point, the starting pressure equals:
is recorded or equilibrated to atmospheric pressure by inserting 12000 0.1 X Pcumx Vh
a needle through the stopper to release any excess pressure Ce= RXT ®)
within the bottles.

12.4 Incubation—Incubate the sealed bottles at 352 in
the dark. After 24 to 48 h, examine the bottles and eliminate
any vessels that exhibit pink coloration. Vessels can be
incubated statically or with intermittent or continual gentle

where:

12 000 = converts moles to mg,

Pcum = cumulative pressure produced through the study
in mbar,



Ay E 2170

Vvh = headspace volume in liters, and digester sludge was used as an inoculum.
0.1 converts cubic meters to liters. 14.3 The sensitivity of the test is a function of the difference
For a normal incubation temperature of 35°C (308°€}  between gas production in the test vessels and blanks. The
can be calculated as: lower the background gas production in the blanks, the lower
Ce= 0.468Pcumx Vh) @ the test substance concentration, which can be assessed.

) ) ) Twenty mg of added organic carbon can theoretically produce

13.3 Dissolved Inorganic Carbon-The level of dissolved 4 4 mL of gas at 35°C, while 50 and 100 mg can produce 11.1
inorganic carbond) in each vessel is calculated as: and 22.2 mL, respectively. Actual gas production will be lower

Cd=IC* VI (5)  dueto incorporation of carbon into biomass and other products.
The larger the ratio of potential gas production from the added

IC = dissolved inorganic carbon in mg/L, and test material to the background gas production in the blank, the

VI = volume of liquid in the test vessel in liters. greater po_tentlal accuracy of the m‘?th"d' .
13.4 Total Carbon Mineralized-The total carbon(t) con- .14'.4 This mthod IS only appropriate for SCreening anaero-
verted to gas in each vessel is calculated as; bic b|odggrqdat|on potential unde_r meth_anogemc cond[tlons.
More definitive results can be obtained using more realistic test
Ct=Ce+Cd (6)  methods(3) with radiolabeled test materials and actual envi-
13.5 Total Carbon Derived from Test Substare€he total ronmental samples.
gaseous carborCf) derived from the test substance is calcu-

where:

lated as follows: 15. Report
Cn = Ct(tesy — Ct(blank) (7 15.1 Report the following data and information:
where: 15.1.1 Information on the inoculum includes information on
N : the source, operating conditions of the digester, percent solids,
Ciftest) = f;:g;;i{/ﬁﬁnte(srpg&b?g:}’ggegnéo gas in each date of collection, and potential previous exposure to the test
Ct(blank) = total carbon (mg) converted to gas in the materials. Much of this information is generally available from

: ' the operator.
blanks. This value generally is a mean of the . o
blanks g y 15.1.2 Average cumulative gas production in blank, refer-

13.6 Carbon of Test SubstaneeThe carbon Ca) in the ence, and test substance treatments at each sampling as well as

form of test substance added to each test vessel in mg FQe standard deviation. , ) ,
calculated as follows: 15.1.3 Average percent of theoretical biodegradation for

each test substance and reference compound at each sampling

Ca=Ctmx Vi ®)  time including standard deviation.
where: - .
Ctm = concentration of test substance carbon in mg/L, and16. Precision and Bias
VI = volume of liquid in the test vessel in liters. 16.1 A specific precision and bias statement cannot be made

13.7 Extent of Biodegradation-The percent of the test for this test method, since interlaboratory testing has not been
material converted to gaseous produdd (s calculated as conducted. However, the test method is based on published

follows: procedures involving the use of multiple compour2g4-6)
(100X Cn) 16.2 Interlaboratory testing was conducted on two com-
D="%a ®) pounds (palmitic acid and PEG 400) using a closely related

procedure(6). Standard deviations in replicate tests with the
same compound within the same test were mainly <20 %.

14.1 Information on the toxicity of the chemical may be Deviations were larger when small test vessels (<150 mL) or
useful in the interpretation of low results. headspace volumes exceeded 20 % of the vessel volume. In the

14.2 In some cases, reference substances may be usefinterlaboratory comparison, both compounds were well de-
Commonly used reference compounds include sodium bergraded in most laboratories. Eliminating extremely low and
zoate, phenol and polyethylene glycol 400 (PEG 400) asigh values, which were attributed to sub-optimal experimental
positive controls. The biodegradation of these materials mustonditions, the standard deviations among laboratories was less
exceed 60 % within 60 days to verify healthy anaerobicthan 20 % for both compounds.

14. Interpretation of Results
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