TMECC

Test Methods for the Examination of Composting and Compost

Purpose

Test Methods for the Examination of Composting and Compost (TMECC) provides detailed
protocols for the composting industry to verify the physical, chemical, and biological condition
of composting feedstocks, material in process and compost products at the point of sale.
Material testing is needed to verify compost product safety and market claims. TMECC provides
protocols to sample, monitor, and analyze materials at all stages of the composting process, (e.g.,
prior to, during and after composting), to help maintain process control, verify product attributes,
assure worker safety, and to avoid degradation of the environment in and around the composting
facility.

Standardized methods to characterize compost are needed by compost producers, state regulatory
and permitting agencies, compost product marketing specialists, state and commercial testing
laboratories, and agriculturalists, horticulturalists, landscapers, and other consumer sectors. Use
of standard methods and protocols for sampling, laboratory analysis, reporting, and interpretation
of test results will promote production and marketing of quality composts that meet a core set of
analytical standards.

TMECC is approved for publication through the USGPO as part of USDA’s Conservation
Resources Technical Bulletin Series.

Overview of TMECC Development

Summary

TMECC was jointly published by the US Department of Agriculture (USDA) and the
Composting Council Research and Education Foundation (CCREF). The TMECC Project was
initiated by The Procter and Gamble Company in mid 1995 under the direction of Phil B. Leege,
and adopted by the Composting Council Research and Education Foundation in late 1995 under
the leadership of Dr. Charles Cannon, former Executive Vice President of the Composting
Council. Refer to Fig 1 through Fig 3 for diagrams that illustrate key participants and their
responsibilities during the TMECC development and peer-review process.

TMECC evolution and the TMECC Project is categorized by six developmental stages: i) draft
of methods; ii) compilation of methods; iii) content peer-review; iv) round-robin testing; v)
addition of interpretation and end-use guidelines; and vi) maintenance and addenda distribution.

The initial draft of methods was completed in December 1995 and the enhanced compilation of
methods was completed in December 1997. TMECC content peer-review was initiated in March

! The 2002 Compost Analysis Proficiency (CAP) Testing Program is managed by Robert O. Miller. CAP was
established, in part, as a vehicle to measure performance, and to examine the credibility of TMECC. Visit
http://tmecc.org/cap/ for detailed information.



1998 and formally completed in August 2001. Proficiency testing is underway and was
implemented as follows: a preliminary round-robin using triplicate samples from 15 composting
facilities and three laboratories was carried out in 2000 through collaboration with the USCC’s
Seal of Testing Assurance” (STA) program and USDA-ARS-BARC-SASL (Fig 4); in 2001 and
2002, round robin-testing was expanded to include 23 laboratories through collaboration between
Compost Analysis Proficiency (CAP), STA and the TMECC Project (Fig 5).

Stage six of TMECC development will incorporate the proficiency testing program as part of a
new and expanded peer-review process; data generated through proficiency testing will serve as
a feedback mechanism used to update and maintain TMECC. CCREF is seeking formal
relationships with professional organizations to fulfill the need for critical technical oversight of
the peer-review process. Refer to Fig 6 and Fig 7 for diagrams that illustrate proposed feedback
and TMECC maintenance mechanisms.

Stages I and II = Compilation

The first stage of the TMECC Project which spanned approximately three years was principally
funded by The Procter and Gamble Company and the MN Office of Environmental Assistance.
This effort included bench-level evaluation of existing test methods at the U of MN Research
Analytical Laboratory. Tests were performed on samples of source separated and mixed
municipal solid waste composts. This effort involved modification of existing test methods
developed for other materials, (e.g., soils, water, biosolids, etc.). A preliminary draft of TMECC
was compiled using test methods employed at the U of MN and later expanded to include other
generally accepted methods plus a small number of new techniques for analyzing compost
parameters which had no generally accepted or readily available method. The product of the first
stage of the TMECC Project was a 1,000-page peer-review draft entitled “The First Edition of
TMECC”.
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Fig 1. Stages I and II of the TMECC Project. The preliminary draft was compiled and later
expanded to include additional methods. The final product of this effort was the peer-review
draft, “First Edition of TMECC”.

Wayne H. Thompson

Stage III = Peer-Review of the First Edition

The third stage of the TMECC Project was a coordinated peer-review of TMECC, the 1,000-
page volume developed during stages one and two of the project (Fig 2). The peer-review
process spanned a period of four years and was principally funded by the USDA.

? The 2002 Seal of Testing Assurance (STA) is the USCC composting product data disclosure and end-use guideline
program for compost producers and distributors. The program targets compost producers and is intended to promote
the use of established compost sample collection and testing procedures, and to indicate appropriate end-use
guidelines for their tested compost products. Visit http://tmecc.org/sta/ for detailed information.



TMECC sections were grouped into nine academic categories. A group leader was recruited to
manage each review category. Each group leader recruited his/her team of peer-reviewers. The
first edition of TMECC was then distributed to more than 175 reviewers selected for category-
specific feedback. Individual reviewer input was compiled by each group leader and
incorporated into TMECC by the Editor-in-Chief. The revised sections were then approved by
the co-editors and re-submitted to the group leaders for their acceptance of the final draft of their
assigned sections.

The peer-review process evolved into a rigorous re-write of TMECC. The latest USGPO
working draft incorporates comprehensive critiques from over 175 compost analytical experts
from around the world. This completely revised work was submitted to the USDA in December
2000 as a project deliverable; USDA extended the review process before granting its approval
and acceptance of TMECC as a compost sampling and laboratory manual.

USDA-Sponsored Peer Review of TMECC, March 1998 - August 2001
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Fig 2. Stage III of the TMECC Project. The peer-review process was initiated in March
1998. USDA Technical Review was initiated in December 2000 and completed in August
2001.

Dr. Patricia Millner supervised the USDA internal review and worked directly with Editor-in-
Chief of TMECC to implement all modifications required by USDA. Dr. Millner presented a
prospectus to publish TMECC as a USDA Conservation Resources Technical Bulletin to the
USGPO in October 2000; the prospectus to publish was approved in March 2001. The prospect
of releasing TMECC as a USGPO document prompted USDA to intensify the review process
which extended the Stage III completion date by an additional nine months. The USDA internal
technical review was formally completed in August 2001 and the working draft was submitted to
the USGPO editorial staff in August 2001. Refer to Fig 3, and Appendix I for the list of methods
provided in TMECC.



USDA-Sponsored distribution of TMECC as a USGPO working draft, August 2001
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Fig 3. USGPO Review Process — The last step in Stage III of the TMECC Project.
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Stage IV o Laboratory Proficiency Testing

Laboratory proficiency testing is a QA/QC tool used by laboratory personnel to verify their
analytical performance relative to other laboratories that use common methods and analytical
protocols for specified parameters. The Compost Analysis Proficiency Testing program (CAP)
was initiated through collaboration with managers of the North American Proficiency Testing
Program (NAPT) to provide the compost laboratory analysis industry with an inter-laboratory
QA/QC program, to develop reference materials, and to provide comparative data needed to
measure performance and precision of TMECC analytical methods.

Laboratory proficiency testing is the fourth stage of the TMECC Project and is considered on-
going. The USDA-Sponsored Seal of Testing Assurance Pilot (STA-2000) was implemented to
serve as a preliminary round-robin designed to reveal operational oversights in common test
methods. This was implemented prior to the formation of CAP and prior to the submission
TMECC as a project deliverable to USDA. Refer to Fig 4 for the list of participants.
Preliminary examination of the USDA-sponsored round robin results provided crucial
information which allowed the TMECC editors to clarify important steps in various laboratory
protocols with a resulting improvement in across-lab precision.

STA Pre-Release of TMECC, February 2000
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Fig 4. Stage IV of the TMECC Project. Preliminary round-robin testing was carried out by
three laboratories on triplicate compost samples from fifteen facilities.

Round-robin testing of TMECC was expanded in 2001 and 2002 to include participating CAP
laboratories (Fig 5). Preliminary results from the first 2001 sample exchange of the 2001 CAP
program were not conclusive; results from later exchanges are needed to construct a more
meaningful data set; and additional steps were implemented to incorporate more descriptive and
detailed performance data reporting and comments from participating laboratory personnel.
Participation in CAP is expected to increase after TMECC is released as a USGPO document.



CAP Pre-Release of TMECC, March 2001

Fig 5. Stage IV of the TMECC Project. Round-robin testing through the CAP testing
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Stage V o Interpretation and End-Use Guidelines

The fifth stage of the TMECC Project is considered on-going. Interpretation guidelines were
incorporated during Group 6 peer-review for two biological activity sections, the respirometry
(05.08) and indicator ratios (05.02) sections.
information compiled before this aspect of TMECC can be considered comprehensive.

Much more effort must be expended and

Incorporate Interpretation Guidelines into TMECC, on-going

Fig 6.
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Stage V of the TMECC Project. Incorporation of interpretation guidelines.




Stage VI @ Maintenance and Updates, PROPOSED for 2002 and Later

The sixth stage of the TMECC Project will begin after TMECC is formally released through the
USGPO as a USDA document. The Standards and Practices Committee of the US Composting
Council is in the process of forming oversight subcommittees. Subcommittees will consist of
compost analytical specialists who will provide technical oversight for the maintenance and
enhancement of TMECC. The effort to form category-specific review subcommittees requires
solicitation of technical assistance, paid and/or voluntary, from current participants of the
TMECC review process and other qualified individuals associated with participating
organizations, (e.g., Soil Science Society of America [SSSA], Soil and Plant Analysis Council
[SPAC], etc.). The primary source of performance data and technical feedback will be collected
through the CAP programs; secondary sources may include direct comment via feedback
mechanisms available on-line at the TMECC web site, (e.g., discussion list, on-line manuscript
submissions, etc.). Pending the availability of project funds, analysis of CAP results will be
expanded to include site visits and a review process assembled to evaluate laboratory
interpretation of TMECC methods. Finally, mechanisms to create TMECC addenda will be
established to provide addenda to the compost analytical community (Fig 6 and Fig 7).
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Fig 7. Stage VI of the TMECC Project (PROPOSED). Maintenance and updates of TMECC
through feedback and review mechanisms.
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Appendix I: TMECC Contents

CHAPTER 1 INTRODUCTION

01.01 TMECC CONTENT
01.01-APURPOSE
01.01-BFOREWORD
01.01-CREFERENCED METHODS

01.02 THE COMPOSTING PROCESS
01.02-AKEY PROCESS VARIABLES

01.03 COMPOSTING TECHNOLOGY GROUPS
01.03-AOPERATION CHARACTERISTICS

CHAPTER 2 SAMPLE COLLECTION AND
LABORATORY PREPARATION
02.01 FIELD SAMPLING OF COMPOST
MATERIALS

02.01-ACOMPOST SAMPLING PRINCIPLES AND
PRACTICES

02.01-BSELECTION OF SAMPLING LOCATIONS FOR
WINDROWS AND PILES

02.01-CFIELD SAMPLING PLAN FOR COMPOSTED
MATERIAL

02.01-DBATCH FEEDSTOCK MATERIAL SAMPLING
STRATEGIES

02.01-E DATA QUALITY MANAGEMENT AND SAMPLE
CHAIN OF CUSTODY

02.01 SUMMARY
02.02 LABORATORY SAMPLE PREPARATION
02.02-ASAMPLE MIXING AND SPLITTING

02.02-BSAMPLE SIEVING FOR AGGREGATE SIZE
CLASSIFICATION

02.02-CMAN-MADE INERT REMOVAL AND
CLASSIFICATION

02.02-DMILLING AND GRINDING SAMPLES,
HARRISON METHOD

02.02-E MILLING AND GRINDING SAMPLES, MUNTER
METHOD

02.02-F MODIFICATIONS FOR FEEDSTOCK SAMPLE
PREPARATION

02.02 SUMMARY

CHAPTER 3 PHYSICAL EXAMINATION

03.01 AIR CAPACITY

03.01-AQUICK-TEST FOR BULK DENSITY,
POROSITY/PORE SPACE, FREE AIRSPACE AND
WATER-HOLDING CAPACITY OF UNSIEVED
COMPOST

03.01-BQUICK-TEST FOR BULK DENSITY,
POROSITY/PORE SPACE, FREE AIRSPACE AND
WATER-HOLDING CAPACITY OF SIEVED
COMPOST

03.01-CFIELD DENSITY, FREE AIRSPACE AND
WATER-HOLDING CAPACITY

03.01 METHODS SUMMARY

03.02 ASH

03.02-AUNMILLED MATERIAL IGNITED AT 550°C
WITHOUT INERTS REMOVAL

03.02-BMILLED MATERIAL IGNITED AT 550°C WITH
INERTS REMOVAL

03.02-CUNMILLED MATERIAL IGNITED AT 550°C
WITH INERTS REMOVAL

03.02 METHODS SUMMARY

03.03 BULK DENSITY
03.03 METHODS SUMMARY

03.04 WETTABILITY
03.04-AWICKING RATE OF COMPOST
03.04-B WATER-DROP PENETRATION RATE
03.04 METHODS SUMMARY

03.05 FILM PLASTICS

03.05-AFILM PLASTIC SURFACE AREA
DETERMINATIONS USING DIGITAL
PROCESSING

03.05 METHODS SUMMARY
03.06 GLASS SHARDS, METAL FRAGMENTS AND
HARD PLASTICS
03.06-AWET SIEVING TECHNIQUE
03.06 METHODS SUMMARY
03.07 PROCESS TO REDUCE SHARPS
03.08 MAN MADE INERTS
03.08-ACLASSIFICATION OF INERTS
03.09 TOTAL SOLIDS AND MOISTURE
03.09-ATOTAL SOLIDS AND MOISTURE AT 70+5°C
03.09 METHODS SUMMARY
03.10 WATER HOLDING CAPACITY
03.10-AQUICK-TEST FOR BULK DENSITY,
POROSITY/PORE SPACE, FREE AIRSPACE AND

WATER HOLDING CAPACITY OF UNSIEVED
COMPOST

03.10-BQUICK-TEST FOR BULK DENSITY,
POROSITY/PORE SPACE, FREE AIRSPACE AND
WATER HOLDING CAPACITY OF SIEVED
COMPOST

03.10-CFIELD DENSITY, FREE AIR SPACE AND
WATER-HOLDING CAPACITY

03.10-DBULK DENSITY AND WATER-HOLDING
CAPACITY, OF WATER-SATURATED
COMPOST, MODIFIED ASTM D 2980-71

03.10-E QUICK-TEST TO APPROXIMATE WATER-
HOLDING CAPACITY OF COMPOST

03.10 METHODS SUMMARY

CHAPTER 4 CHEMICAL PROPERTIES
04.01 ORGANIC CARBON
04.01-ACOMBUSTION WITH CO2 DETECTION
04.01 METHODS SUMMARY
04.02 NITROGEN

04.02-ATOTAL KJELDAHL NITROGEN, SEMI-MICRO
KJELDAHL TECHNIQUE

04.02-BNITRATE NITROGEN DETERMINATION
04.02-C AMMONIUM NITROGEN DETERMINATION
04.02-DTOTAL NITROGEN BY COMBUSTION
04.02 METHODS SUMMARY
04.03 PHOSPHORUS
04.03-ATOTAL PHOSPHORUS
04.03-B WATER-SOLUBLE PHOSPHORUS
04.04 POTASSIUM
04.04-ATOTAL POTASSIUM
04.04-B WATER-SOLUBLE POTASSIUM
04.05 SECONDARY AND MICRO-NUTRIENT
CONTENT
04.05-MG MAGNESIUM
04.05-CA CALCIUM
04.05-S SULFUR
04.05-NA SODIUM



04.05-BBORON
04.05-CL CHLORIDE
04.05-CO COBALT
04.05-CU COPPER
04.05-FE IRON
04.05-MN MANGANESE
04.05-MO MOLYBDENUM
04.05-ZN ZINC
04.05 METHODS SUMMARY
04.06 HEAVY METALS AND HAZARDOUS
ELEMENTS
04.06-AS ARSENIC
04.06-BE BERYLLIUM
04.06-CD CADMIUM
04.06-CU COPPER
04.06-CR CHROMIUM
04.06-PB LEAD
04.06-HG MERCURY
04.06-MO MOLYBDENUM
04.06-NI NICKEL
04.06-SE SELENIUM
04.06-SR STRONTIUM
04.06-VVANADIUM
04.06-ZN ZINC
04.06 METHODS SUMMARY
04.07 OTHER ELEMENTS
04.07-AL ALUMINUM
04.07-SB ANTIMONY
04.07-BA BARIUM
04.07-CN CYANIDES
04.07-AG SILVER
04.07-TL THALLIUM
04.07 METHODS SUMMARY
04.08 INORGANIC CARBON
04.08-ACALCIUM CARBONATE EQUIVALENCY
04.08 METHODS SUMMARY
04.09 CATION EXCHANGE CAPACITY FOR
COMPOST

04.09-ACEC BY AMMONIUM DISPLACEMENT AFTER
WASHING

04.09-BCEC BY DIRECT DISPLACEMENT
04.09 METHODS SUMMARY
04.10 ELECTRICAL CONDUCTIVITY FOR
COMPOST
04.10-A1:5 SLURRY METHOD, MASS BASIS
04.10 METHODS SUMMARY
04.10 APPENDIX TO 04.10— TEMPERATURE
CORRECTION
04.11 ELECTROMETRIC PH DETERMINATIONS
FOR COMPOST
04.11-A1:5 SLURRY PH
04.11 METHODS SUMMARY
04.12 DIGESTION TECHNIQUES

04.12-AMICROWAVE ASSISTED NITRIC ACID
DIGESTION OF COMPOST

04.12-BNITRIC ACID DIGESTION OF COMPOST AND
SOILS

04.12-CDRY ASH SAMPLE DIGESTION FOR PLANT
NUTRIENTS

04.12-D  WATER-SOLUBLE ELEMENTS
04.12-E  AQUA REGIA PROCEDURE
04.12 METHODS SUMMARY

04.13 ATOMIC ABSORPTION SPECTROMETRY
04.13-ACOLD VAPOR AAS TECHNIQUE FOR
MERCURY IN COMPOST

04.13-BATOMIC ABSORPTION
SPECTROPHOTOMETRY METHODS, US EPA
METHOD 7000A

04.13 METHODS SUMMARY
04.14 INDUCTIVELY COUPLED PLASMA
ANALYSIS (ICP)
04.14-AINDUCTIVELY COUPLED PLASMA-ATOMIC

EMISSION SPECTROSCOPY, US EPA METHOD
6010A

04.14 METHODS SUMMARY
04.15 SOLUBLE SALTS

CHAPTER 5 ORGANIC AND BIOLOGICAL

PROPERTIES

05.01 BIODEGRADABLE VOLATILE SOLIDS

05.02 INDICATOR RATIOS
05.02-ACARBON TO NITROGEN RATIO
05.02-BCARBON TO PHOSPHORUS RATIO
05.02-CAMMONIUM TO NITRATE RATIO
05.02-DCARBON TO SULFUR RATIO
05.02-E CADMIUM TO ZINC RATIO
05.02-F  AGRICULTURAL INDEX
05.02-G  CCQC MATURITY INDEX
05.02 METHODS SUMMARY

05.03 COLOR

05.03-AFIELD ASSESSMENT OF COMPOST COLOR
AND ODOR

05.03 METHODS SUMMARY

05.04 ENZYME ACTIVITY AND ANALYSIS
05.04-APHOSPHATASES
05.04-BDEHYDROGENASES
05.04-CPROTEASES
05.04-DCELLULASES
05.04-E PEROXIDASES
05.04 SUMMARY OF METHODS

05.05 BIOLOGICAL ASSAYS
05.05-ASEEDLING EMERGENCE AND RELATIVE

GROWTH
05.05-BIN-VITRO GERMINATION AND ROOT
ELONGATION
05.05-CEARTHWORM BIOASSAY: THE MINNESOTA
“Z”-TEST
05.05 METHODS SUMMARY
05.06 ODOR

05.06-AFIELD ASSESSMENT OF COMPOST ODOR

05.06-BFIELD SAMPLING OF BIOFILTER ODOR
EMISSIONS

05.06 METHODS SUMMARY

05.06 APPENDIX I TO 05.06—EXAMPLE OF
PERFORMANCE STANDARDS FOR ODOROUS
EMISSIONS FROM A PERMANENT
CONSTRUCTED FACILITY

05.06 APPENDIX II TO 05.06—ODOR NOTIFICATION
FORM

05.06 APPENDIX III TO 05.06—RESIDENT ODOR
COMPLAINT FORM
05.07 ORGANIC MATTER

05.07-ALOSS ON IGNITION ORGANIC MATTER
METHOD



05.07-BHUMIC SUBSTANCES: FULVIC ACID AND
HUMIC ACID EXTRACTION AND
CHARACTERIZATION

05.09-CCALCULATION FOR ORGANIC MATTER
DECOMPOSITION

05.07 METHODS SUMMARY

05.08 RESPIROMETRY
05.08-ASOUR: SPECIFIC OXYGEN UPTAKE RATE
05.08-BCARBON DIOXIDE EVOLUTION RATE
05.08-CIN-SITU OXYGEN REFRESH RATE
05.08-DDEWAR SELF-HEATING TEST
05.08-E SOLVITA MATURITY INDEX
05.08-F BIOLOGICALLY AVAILABLE CARBON
05.08 METHODS SUMMARY

05.09 VIABLE WEED SEED IN COMPOST
05.09-ASHIELDS RINSE METHOD
05.09-BPEAT MOSS DILUTION METHOD
05.09 METHODS SUMMARY

05.10 VOLATILE FATTY ACIDS

05.10-AVOLATILE FATTY ACIDS IN COMPOST
EXTRACT BY GAS CHROMATOGRAPHY

05.10 METHODS SUMMARY

CHAPTER 6 SYNTHETIC ORGANIC COMPOUNDS
06.00 ANALYSIS OF SYNTHETIC ORGANIC
CHEMICALS IN COMPOST

06.01 CHLORINATED HERBICIDES

06.02 DIOXIN/FURANS

06.03 ORGANOCHLORINE PESTICIDES

06.04 ORGANOPHOSPHORUS PESTICIDES
06.05 POLYCHLORINATED BIPHENYLS

06.06 SEMIVOLATILE ORGANIC COMPOUNDS
06.07 VOLATILE ORGANIC COMPOUNDS

CHAPTER 7 PATHOGENS
07.00 INTRODUCTION TO PATHOGEN TESTING
07.01 COLIFORM BACTERIA
07.01-ATOTAL COLIFORMS
07.01-BFECAL COLIFORMS
07.01-CESCHERICHIA COLI
07.01 METHODS SUMMARY
07.02 SALMONELLA

07.02-A1-2 DETECTION TEST AND SALMONELLA
QUANTIFICATION PROCEDURE

07.02-BENRICHMENT AND QUANTIFICATION OF
SALMONELLA IN COMPOST

07.02-C CONFIRMATION PROTOCOLS
07.02 METHODS SUMMARY

07.03 ENTEROCOCCI
07.03-AENTEROCOCCUS
07.03 METHODS SUMMARY

07.04 PARASITIC HELMINTHS
07.04-AVIABILITY OF ASCARIS OVA IN COMPOST
07.04 METHODS SUMMARY

07.04 APPENDIX TO 07.04—INITIAL PERFORMANCE
AND RECOVERY (IPR) AND ONGOING
PERFORMANCE AND RECOVERY (OPR) FOR
VIABLE ASCARIS OVA

07.05 RECOVERY AND ASSAY OF TOTAL
CULTURABLE VIRUSES

07.05 US EPA 625R92013, FROM EPA600/4-84/013(R7),
SEPTEMBER 1989 REVISION (SECTION 3)
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