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Executive Summary

Ground-level ozone is a serious problem in many of California’s inland valleys, where mountain ranges
trap polluted air.

The federal Clean Air Act directs regional air quality control districts to reduce ozone levels below
federal thresholds, under penalty of lost federal transportation funds. These districts generally attempt to
lower ozone levels by controlling the precursors, volatile organic compounds (VOCs) and nitrogen oxides
(NO,). Air district officials in two of California’s most challenged air basins, covering the San Joaquin
Valley and the greater Los Angeles area, have identified biosolids composting facilities and their raw
materials as a source of precursors, and adopted restrictive rules to reduce VOC emissions from the
composting facilities.

The steady stream of raw materials flowing to composting facilities is a direct result of California’s
Integrated Waste Management Act, which requires municipal governments to divert half of all wastes
away from landfill disposal. Composting can be a cost-effective and environmentally sustainable means
to convert large volumes of treated biosolids into valuable products for agriculture. However, landfilling
costs are very competitive with composting, and new regulations which increase composting costs can be
expected to drive organic materials back to the landfill, decreasing solid waste diversion rates and
depriving agriculture of a low-cost organic soil amendment.

Earlier research initiated by CalRecycle and sponsored by several composters and public agencies found
that green waste composting emissions are more than 80% light alcohols, which are low-reactivity
compounds. The ozone-formation potential of the total composting VOC mix is low, and it is similar to
the potential from other biogenic sources, and lower than some natural VOC sources such as isoprene and
terpenes from plants.

This report concerns assessment of biosolids co-composting which is the combined composting of 25% to
50% biosolids with 50% to 75% green waste. Because of the low overall ozone formation potential of the
VOC emissions profile from green waste composting operations, it is expected that reducing biosolids co-
composting pile emissions would be similar. Further reducing biosolids co-composting pile emissions is
unlikely to have a detectable impact on regional tropospheric ozone levels.

Study Design

In this project, the research team evaluated emissions from sources at two biosolids composting facilities.
At the City of Santa Rosa, emissions were evaluated from the lava rock biofilter through which the
ventilation of the indoor active composting operation is output. The material at Santa Rosa was roughly
one third biosolids, all of which has been previously processed through anaerobic digestion, with two
thirds consisting of yard waste, recycled overs from compost screening and may include saw dust, grape
pomace and wood chips. Santa Rosa used agitated beds, enclosed in a building which was vented through
a lava rock biofilter. VOCs from a finished compost pile were also studied. At Central Valley
Composting (CVC) Dos Palos, emissions were characterized from open windrows of various ages. The
material at Dos Palos was 25% biosolids, some of which has been previously processed through either
anaerobic or aerobic digestion.

As in the previous studies, sampling focused on identifying the greatest possible range of VOCs
emanating from composting operations, including highly reactive compounds which may not be captured
using typical total-mass-VOC measurement techniques. Samples are taken using a dilution tunnel device,
and routed into stainless steel canisters and sorbent tubes for holding and transport to a lab, where they



are analyzed on a gas chromatograph/mass spectrometer. Once the individual compounds and
concentrations were measured, the emissions mix was run through a computer model to predict how much
ozone will be formed in the atmosphere based on the addition of the source emissions. (These calculations
are detailed in the section on Data Analysis.)

The test protocol employs a mobile ozone chamber (abbreviated MOChA), which is towed to the
composting sites behind a pickup truck. The research team measures actual ozone formation from the
composting emissions within the chamber in real time. The next step is to compare MOChA chamber
measurements with the ozone formation calculated by the model based on the identified VOCs within the
emissions sample. If the model and the measured emissions are relatively close (within around 20 ppb),
then it is highly likely that all of the reactive, ozone-forming compounds within the source emissions have
been properly identified.

Results and Conclusions

There is one key overall conclusion from both phases of this work:

VOCs from biosolids co-composting are a diverse mixture, but are comprised of primarily
low-reactivity alcohols. The ozone formation potential (OFP) of the total composting VOC
mix is considered low, and is similar to the OFP from other biogenic sources.

The research team identified all VOCs which were detectable in any sample. More than 50 VOCs were
identified in some samples. The three main alcohols, ethanol, wood alcohol (methanol) and isopropyl,
comprised greater than 90% of the total emissions by volume in all samples. Naturally occurring terpenes
like alpha-pinene and limonene were found in many samples, and are moderately reactive compounds;
they were occasionally found in low ppb range. Other compounds were generally found in fractions of a
part per billion.

The Maximum Incremental Reactivity (MIR) scale is the most common scale used to compare the OFP of
various compounds. Any compound or mixture with an MIR of less than 2 is considered to have low
reactivity. The average (un-weighted) MIR of all samples taken in this study was close to 1. The MIR of
a typical urban VOC mixture is 3.7. The volume weighted range of MIRs for VOC samples collected at
the Santa Rosa facility was 0.9 to 1.2, and for CVC Dos Palos, 0.8 to 1.1. The mass weighted range of
MIRs for VOC samples collected at the Santa Rosa facility was 1.0 to 1.4, and for CVC Dos Palos, 1.0 to
1.2. See table on the following page, and details of the calculation in Data Analysis.

A unique aspect to the MOChA approach to studying the formation of ozone from VOC sources is the
ability to compare observed (measured) ozone formation in the MOChA chamber with the ozone
predicted from the detailed VOC mixture measurements. Past projects have generally shown a difference
between the model and MOChA of about 10 to 20 ppb. Overall ozone formation can be from 100ppb to
200ppb. For a highly variable source whose VOCs are both low in concentration and low in reactivity,
such as biosolids composting pile emissions, this comparison can be more difficult. This means that the
influence of biosolids is difficult to discern; it is weak.



MIR-weighted reactivity:
Assumed equal MIR

EBIR-weighted reactivity:

Assumed equal EBIR

MIR-weighted reactivity:
Assumed equal MIR

EBIR-weighted reactivity:

Assumed equal EBIR

City of Santa Rosa Composting Facility, 14-20 July 2010

finished  finished
Biofilter  Biofilter  Biofilter = compost compost Biofilter  Biofilter
PM AM PM AM PM AM AM
7/14/2010 7/15/2010 7/15/2010 7/16/2010 7/16/2010 7/19/2010 7/20/2010

1.21 1.04 117 111 1.45 132 1.24

3.7 3.7 3.7 3.7 3.7 3.7 3.7
0.43 0.33 0.53 0.35 0.46 0.36 0.33
0.81 0.81 0.81 0.81 0.81 0.81 0.81

Dos Palos, Synagro Composting Facility, 20-30 September 2010

8.5week 85week 85week 85week 2week 2 week 3week 9.5week finished finished

compost compost compost compost compost compost compost compost compost compost

PM PM AM PM AM PM PM AM PM AM
9/20/2010 9/20/2010 9/21/2010 9/21/2010 9/22/2010 9/22/2010 9/27/2010 9/28/2010 9/29/2010 9/30/2010

1.07 1.08 1.19 115 117 1.10 1.05 113 1.08 117

3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7
0.39 0.40 0.42 0.41 0.42 0.38 0.39 0.41 0.40 0.40
0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81



Introduction

Background

Volatile Organic Compounds (VOCs) are a class of more than one thousand gaseous compounds which
vary tremendously in terms of their odor, toxicity, and reactivity with other atmospheric constituents.
Many VOCs react with Oxides of Nitrogen (NOy) in the presence of sunlight to form ground-level or
tropospheric ozone, a Clean Air Act criteria pollutant with significant negative impacts on human health
and on plants, including agricultural crops.

The reactivity of any given VOC influences its ozone formation potential. Researchers have classified
most common VOCs using a reactivity index, and the US Environmental Protection Agency has
exempted certain very low reactivity compounds from Clean Air Act regulations.

Biosolid co-composters have come under scrutiny from air quality officials because of the emission of
VOCs during the natural decomposition processes of composting piles of feedstocks.

Up until 2009, there had been no study with the specific intent of analyzing emissions from composting
piles to capture and identify every VOC being emitted, and to determine whether these compounds were
likely to react with NO, to form ozone. Therefore, the contribution of composting facilities to regional
ozone problems was not proven.

A preceding pair of projects, conducted in 2009 and 2010, and funded by two municipal agencies, four
composters, and CalRecycle, isolated the full range of VOCs emanating from green waste composting
piles, including the highly reactive ones which are not distinguished using total mass VOC measurement
techniques. To accomplish this, VOCs were captured using sampling instruments such as a flux chambers
and wind tunnels, and routed to stainless steel canisters where the gases are held until they can be taken to
a laboratory for analysis with a gas chromatograph and mass spectrometer (GC/MS). Other containment
methods for captured gases, such as sorbent tubes, are better suited for highly reactive gases such as
aldehydes, and are used in addition to the steel canisters. The previous fall sampling indicated that a wind
tunnel was a preferred method for sampling emissions, because the emissions captured by the flux
chamber, even when routed through an ice trap to reduce water, were still too wet to be properly
measured in the mobile ozone formation chamber (MOChA). Therefore, in this study, sampling was
conducted with a wind tunnel; standard (un-diluted) flux chamber sampling would have produced
excessive humidity.

The contractor’s approach to understanding formation of ozone from complex VOC sources follows that
used in previous efforts with dairies and field spraying in orchards. The approach includes the use of the
MOChA to make real-time field measurements of ozone formation from composting emissions. The
MOCHhA is a rectangular wood box approximately 4’ x 8 in dimensions which is mounted on a 12’ metal
trailer and is pulled behind a pickup truck to research sites. The box is described in greater detail in
another section of this report.

Gas species and proportions eluted from the GC/MS, based on the samples from the canisters and sorbent
tubes, are run through the state-of-the-art photochemical model for atmospheric simulations of both ozone
formation and aerosols. The model, known as SAPRC (Statewide Air Pollution Research Center), was
developed and documented from 1990 through 2010 by Dr. William Carter at the University of
California, Riverside. Briefly, SAPRC accounts for all the major and minor gases-- both organic and non-
organic (e.g. NOy, H,0O) -- in a sample of gas mixture (as in the atmosphere), and includes temperature
and sun angle as parameters. With a progression of time steps, it calculates how much ozone is formed, as
well as how VOCs are converted progressively to CO,. One can then compare with the MOChA
measurement of actual ozone formation in the field — with a small correction for chamber wall losses.



The values obtained from the MOChA are compared to the modeled ozone concentrations that would be
expected to be formed based on the identified VOC species and their indexed reactivity. If the amount of
ozone formed in the MOChA matches the modeled ozone amounts, within reasonable parameters, then
that confirms all of the VOCs being emitted have been measured and identified.

Project Goals and Objectives

The primary goals of this project were to investigate speciated VOC emissions and ozone formation
potential from biosolids co-composting, assessing their similarity to those from green waste composting.
The data show that the VOC emissions are generally similar, being dominated by small alcohols
(primarily ethanol and wood alcohol ‘methanol’) which have low ozone formation potential.

Sampling Strategy

This research contract funded two field projects of one to two weeks duration each at the two facilities.
Sites were chosen for both projects based on (1) willingness to host, (2) being sizable and therefore
inherently representative of this diverse industry, (3) being successful and therefore inherently ‘good
practitioners’ in the current industry.

The two facilities selected were:
e C(City of Santa Rosa, Santa Rosa, CA
e Central Valley Composting, Dos Palos, in Merced County, CA

At Santa Rosa, emissions samples were collected from the biofilter which receives the entire ventilated
emissions from the enclosed facility. This included 5 different samplings on 3 different days. In addition,
emissions from a large pile of finished compost (which had cured for one month) were also tested twice.

At Dos Palos, 3 samplings were conducted on 2-3 week old compost, 5 samplings of older compost (8.5
to 9.5 weeks) and 2 of finished compost (which had cured for one month beyond the >2 months
completion of composting).

Sampling Protocols

The sampling team used a wind tunnel to pull samples off the composting windrow. The wind tunnel is a
rectangular stainless steel enclosure with half of the bottom open to receive the source emissions. The
model in use has a 0.32 m’ area and a volume of 0.08 m’. The wind tunnel is placed 0.5” into the selected
composting pile location to fix the tunnel surface. The wind tunnel is equipped with a chemisorbant-and-
activated-carbon filter at the intake to clean the air being pulled into the chamber. That filter is replaced
after each week of sampling.

The use of the wind tunnel instead of the flux chamber provides a larger surface area, a defined flow
direction, and air exchange rates or air speed in the tunnel which may be more representative of natural
conditions. Moreover, higher air flow provides dilution of emissions that helps to counter the high
humidity interference with the photo-acoustic measuring device used in tandem with the ozone chamber,
as well as water aerosol (fog) formation in the ozone chamber — which precludes ozone formation.

The first sampling port in the wind tunnel allows the sampling of inlet air. The second port allows the
sampling of post-filter air and the third port is used for source sampling at the tunnel outlet. A perforated
stainless steel tube in the tunnel is connected to each sampling port. This perforated sampling tube
ensures mixing so that representative samples are collected. The outlet baffle of the tunnel helps avoid
back pressure which might be caused by ambient wind during sampling. A fan is used to push the filtered
air through the tunnel. The fan mixes the inlet air with the emissions and draws them toward the tunnel



outlet. The bulk speed in the wind tunnel, which is measured using a pressure gauge installed on the
tunnel, can be adjusted between 0.13 and 0.47 meters per second, with the resulting air exchanges of 10 to
35 per minute respectively. The velocity profile in the tunnel is fairly uniform and consistent (Schmidt
and Bicudo, 2002). After each experiment, the tunnel is wiped and cleaned with dry paper towels and
flushed on a clean surface with zero air. All the Teflon tubes are purged with zero air after every
experiment.

Samples from the outlet port of the wind tunnel are pulled into a sampling train using Teflon tubing. Flow
in each sampling medium is regulated either with a flow regulator (canister) or low flow pumps (sorbent
tubes) and excess flow is passed aside to avoid any back pressure.

We used six-liter passivated stainless canisters to collect VOC samples for laboratory analysis using U.S.
EPA method TO-15. Charcoal sorbent tubes containing 400 mg and 200 mg of activated carbon in two
successive sections were used to collect less volatile/semi volatile organic compounds. Carbonyl
compounds (aldehydes and acetone), which may either be present in the sample or may be an oxidation
product, were captured using sorbent tubes comprising 300 and 150 mg silica gel impregnated with 2,4-
dinitrophenylhydrazine (DNPH) in the front and backup section of the tube (U.S. EPA TO-11A, 1999,
ASTM D 5197).

Sampled tubes and field blanks were capped, labeled and placed in polypropylene bags immediately after
collection and stored in an ice chest with ice packs. After delivery to the laboratory at the Department of
Civil and Environmental Engineering at UC Davis, they were refrigerated until analysis.

In view of the complex nature of composting emissions, multiple sampling techniques are applied to
collect the widest possible range of VOCs. Six-liter passivated stainless canisters are used to collect VOC
samples to be analyzed in the laboratory using U.S. EPA method TO-15. The charcoal sorbent tubes
containing 400 mg and 200 mg of activated carbon in two successive sections are used to collect less
volatile/semi volatile organic compounds at the sampling rate of 1.5 L/min for 2 — 3 hrs. Charcoal tubes
supplement canister samples to ensure that a full range of hydrocarbons are measured in the sample, but
are not typically analyzed unless there is a large disagreement between the model and the MOChA
chamber results. (None were analyzed in this study.) Carbonyl compounds (aldehydes and acetone),
which may either be present in the sample or may be an oxidation product, are captured using sorbent
tubes comprising 300 and 150 mg silica gel impregnated with 2,4-dinitrophenylhydrazine (DNPH) in the
front and backup section of the tube (U.S. EPA TO-11A, 1999, ASTM D 5197). Samples would be
collected at the sampling flow rate of 200 - 500 mL per min™ for 2-3 hrs. Backup sorbent sections of
charcoal and DNPH silica tubes are analyzed to determine the breakthrough of sample collection.

All the sorbent tube samples were collected in duplicate, while more than half of the canisters were also
collected in duplicate depending on the availability of canisters and experimental set up. Sampled tubes
and field blanks are capped, labeled and placed in polypropylene bags immediately after collection and
stored in an ice chest with ice packs as per protocol. Once delivered to the laboratory at the Department of
Civil and Environmental Engineering at UC Davis, they are refrigerated until analysis. Canisters were
capped and stored at ambient temperature with their filled chain of custody form. One month storage time
is the maximum recommended for canister samples (U.S. EPA TO-15). All the experimental details,
including location and sample collection information, are maintained in the data sheet. All the samples
(sorbent tubes, canisters) were analyzed within 2-3 weeks after sampling.

We measured alcohols, which constitute a major fraction of composting emissions, using an INNOVA
photo-acoustic multi-gas monitor. This INNOVA is configured for methanol, ethanol, 2-propanol, and
water vapor through the use of respective optical filters, and is calibrated by the instrument manufacturer.
This analyzer is capable of monitoring these compounds at one-minute intervals.

Physico-chemical properties of the sampled composting pile were studied along with the VOC
measurements. We measured internal pile temperature at 1’ and 4’ deep below the wind tunnel using



commercial-style compost temperature probe. Additional properties of the compost being tested were
measured on site using the following protocols:

Porosity (volumetric addition of water)

Density (gravimetric and volumetric measurements)

Moisture saturation (qualitative, with a soil moisture meter), and

pH (by addition of water to make a paste; USDA Agricultural Handbook 60

Representative samples of each compost source were shipped to the commercial Soil Control Lab
(Watsonville, CA) laboratory for analysis of detailed composition in the following categories: nutrients,
metals, stability, maturity, pathogens, inerts as well as size and volume distribution. These results are
detailed in Appendix C.

Mobile Ozone Chamber

Mobile Ozone Chamber Assays (MOChA) were used for direct on-site measurement of ozone formation
from composting emissions. MOChA chambers were characterized and used successfully in our previous
studies, which have been published in peer-reviewed journals (Howard, et al., 2008, Kumar et al., 2008,
Howard et al., 2010, in press, Kumar et al., 2010 in press).

The MOChA chamber is a rectangular wood box approximately 4’ by 8’ in dimensions which is mounted
on a 12’ metal trailer and is pulled behind a pickup truck to research sites. The box is equipped on the
inside with 26, 4-foot long UV lights installed on one inner side of the chamber, capable of generating 50
W m™ of UV radiation. These particular types of light bulbs are selected because they give off light in the
near ultraviolet portion of the light spectrum, the one which tends to form ozone in the atmosphere, which
represents a “worst case” scenario. The MOChA is equipped with two 12” fans to prevent heating of the
box above normal summer (0zone season) temperatures of 25-40°C.

A 1,000-liter Teflon bag inside the MOChA chamber is filled with the air sample drawn from the
sampling port of the wind tunnel using Teflon-coated diaphragm pumps at a flow rate of approximately
50 L min™ until the bag is full, which takes approximately 20 minutes. A Teflon membrane filter is used
at the sampling inlet point of bag to remove particulate matter from the sample.

Nitrogen oxide (NO,) in the concentration range of 45-55 ppb is introduced into the bag using a gas
cylinder (10.1£ 0.5 ppm as NO, in air) to simulate the typical NO, level of rural/agricultural areas of the
San Joaquin Valley (SJV) during summer ozone episodes. The background reactive organic gases (or
minisurrogate) consists of a 55 £ 1 ethylene, 33 &+ 1% hexane, and 12 + 1% xylene mixture by volume,
and are also introduced in the bag. The purpose of the minisurrogate is to take the source emissions and
mix them with a representative, well-defined atmosphere acting as the receiving air with which emissions
from any source will mix. Then we assess how much more ozone is formed than would be formed by the
receiving air itself. 6-liter “grab” canister samples of VOC concentration are also collected from the bag
at the start of each MOChA experiment, in order to verify that the VOC mixture reaching the bag
(through tubing and pump) is identical to that measured directly at the source.

Once the Teflon bag is full with the combined sample and the introduced gas mixtures, the lights are
turned on, exposing the bag within the MOChA chamber to 50 W m™ of UV radiation for 180 minutes.
Probes measure temperature and relative humidity, while dedicated instruments measure concentrations
of oxides of nitrogen (as NO, NO, & NO,) and ozone from sample removed from the Teflon bag at 0-5,
20-30, 55-65, 85-90, 115-120, 145-150, and 175-180 minutes. Ambient air is measured in between bag
measurements so that the ozone and NO, instruments remain active and flowing. The intermittent
sampling schedule allows 180-minute experiments to be conducted while ensuring that the final Teflon
bag sample volume does not drop below 60-70% of initial bag sample volume — at which point the effects
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of increased surface-to-volume ratio would begin to bias the measurements. After each experiment the
Teflon bag is emptied and flushed (re-filled and emptied again) with clean air produced by a Zero-Air
generator. A new Teflon bag was used for each week in the field. Moreover, each bag is checked for
contamination at regular intervals and is replaced with the spare bag whenever required.

Sample Analysis Protocols

Besides the Ozone Chamber measurement, VOC measurements were conducted using three techniques:

1. Photo-acoustic infrared absorption monitored the small alcohols and major non-VOCs: H,0, CO,
and NHj3. This occured at the start of the field experiment while the source sample was being
filled into the ozone chamber.

2. Canister sampling followed by cryo-focused GC-MS (gas chromatography-mass spectrometer)
analysis (for highly volatile and non-polar or semi-polar VOCs) using the established EPA TO-15
protocol.

3. DNPH-impregnated sorbent tubes followed by HPLC (high-performance liquid chromatograph),
for highly reactive aldehydes and ketones, using the established EPA TO-11 protocol.

A fourth method, charcoal sorbent tube-sampling followed by solvent elution and GC-MS, was aimed to
quantify a broader range of moderately volatile VOCs. This method was used for worker safety through
NIOSH (method 1500 for hydrocarbons, method 1501 for aromatic hydrocarbons, and method 1552

for terpenes) and has been described and validated in various publications. These samples have not yet
been needed in any study to find ozone-forming VOCs which are not otherwise accounted for. Since they
were easy to sample and stable during storage, we collected them ‘just in case’ there is a mismatch of 50
or 100 ppb in the ozone formation predicted by model versus what was observed in the MOChA.

To determine mass-weighted reactivities, the volume fractions measured on the VOC samples (nL/L or
‘ppb’) are converted to mole fraction with the ideal gas law: n= (p * V) /(R * T). Then moles are
converted to mass with molecular weight: m = n * MW. Finally, these are multiplied by the appropriate
reactivity (MIR or EBIR) and summed.

Data Analysis

Hundreds of compounds fall under the definition of volatile organic compounds. Some of these
compounds contribute significantly to ozone formation in the atmosphere, and others do not. There is no
single approach to measure the full range of compounds. We employed multiple techniques in order to
obtain the widest possible profile of VOC emissions from the composting source. We combined
compounds analyzed by several techniques to make a complete emission profile from the source samples.
Results from canister samples gave a wide range of compounds and were supplemented with the
carbonyls trapped in the DNPH silica tubes. Alcohols (methanol, ethanol, 2-propanol) were measured
with the INNOVA analyzer.

Quality control processes included using field blanks on greater than 10% of all samples, field duplicates,
laboratory calibration standards, and laboratory blanks. These processes ensured that canisters and sorbent
materials were being kept clean through transport to and from the field, and that field samples were
reproducible.

Net ozone formation from MOChA was calculated using the following equation (Carter et al., 1995)

because an increase in NO represents a net production of ozone from NO, photolysis — independent of
VOC reaction:
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Net 03 formation (A 03 ) — (03 final __ O}initial) _ moﬁnal_ Noinitial) (1)

We calculate the net ozone formation from the VOCs in the source by subtracting the expected ozone
formation from the defined background gas mixture (known as the mini-surrogate) that we added to each
MOChA experiment. In some of our earlier studies, the amount of ozone formed from the source VOCs
was so high that a small variation in mini-surrogate VOC concentration was insignificant. In this study;
however, the amount of ozone formed from the source VOCs was relatively small, so greater precision
regarding the mini-surrogate contribution to ozone formation in the chamber was needed. To increase the
precision of the ozone modeling from the mini-surrogate, we collected canister samples from the Teflon
bag at the start of each MOChA experiment. In this way, we knew the actual concentrations of the mini-
surrogate gases in the chamber for each MOChA run.

We measured ozone concentrations inside the MOChA chamber using an ozone analyzer (Model 450,
Advanced Pollution Instrumentation, Inc., San Diego, CA). This device uses the ultraviolet absorption
method and is accurate to 1 ppb. Concentrations of NO, (NO and NO,) were measured inside the ozone
chamber using a chemiluminescence analyzer (Model #ML9841A, Teledyne Monitor Labs, Englewood,
CO). We subtracted out any production of nitric oxide (NO) because production of NO represents ozone
which was formed by the light itself and without the contribution of VOCs.

We ran photo-chemical model calculations for the VOCs obtained from the combined laboratory analysis
of the composting emissions to calculate modeled ozone formation. We validated the model in our two
previously published papers (Howard et al., Atmospheric Environment 42 (2008) 5267—-5277 and Kumar
et al, Journal of ASTM International, Vol. 5, No. 7). When modeled values of ozone formation matched
the on-site MOChA values for measured ozone, this confirmed the capture of the complete ozone
precursor VOC profile.

Briefly: In order to compare the measurements with our current understanding of atmospheric chemical
reactions, calculations were carried out using a modified form of the Caltech Atmospheric Chemistry
Mechanism (CACM) (Griffin et al., 2002). Modifications were made to the standard CACM inputs to
simulate the light intensity and the UV spectrum produced by the UV lamp assembly used with MOChA.
The CACM reactions describing EtOH chemistry were expanded

to accurately account for ethanol chemistry in the Teflon reaction chamber. Ethanol reacts with the
hydroxyl radical according to the following equation:

ETOH + OH -> 0.11HOCH2CH202 + 0.89CH3CHO + 0.89HO2 (2)

However, in the base case version of CACM, the acetylaldehyde produced by this reaction is lumped into
a general aldehyde species with the properties of n-pentanal (C5 molecule). CACM also lumps the peroxy
radical as a C4 species. These approximations are made because EtOH chemistry is not usually dominant
in large urban systems and so it makes sense to increase computational efficiency by combining species.
These lumping approximations have unintended consequences when modeling simple systems dominated
by EtOH, because the lumped products lead to unrealistically high amounts of ozone formation. In
particular, the lumped C5 aldehyde species creates a five-carbon PAN molecule that produces ozone. The
CACM lumping for EtOH was modified by explicitly representing several EtOH reactions as described
by the Master Chemical Mechanism (University of Leeds, 2004). Eq. (2) above was retained in the new
version of CACM. The mechanism now includes the reactions of acetaldehyde (Egs. (3—5), the peroxy
radical (Eq. (6)), and a few of the subspecies (Egs. (7-12))). These reactions are shown on the following

page:
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(Note that species present in excess, such as H,O and O,, are omitted, so that some of these equations are
not written to depict chemical balance.)

CH;CHO + OH -> CH;CO; (3)
CH;CHO + hv -> CH;0, + HO, + CO (4)

CH;CHO + NO; -> HNO; + CH;CO; (5)

HOCH,CH20, + NO -> NO, + HO, + 1.44 HCHO + 0.28 HOCH,CHO (6)
HOCH,CHO + OH -> HOCH,CO; + GLYOX + HO, (7)

HOCH,CHO + hv -> HO, + HCHO + HO, + CO (8)

HOCH,CHO + NO; -> HOCH,CO; + HNO; (9)

GLYOX + hv -> 3CO + HCHO (10)

GLYOX + OH -> 1.2CO + 0.6HO, + 0.4HCOCO; (11)

GLYOX + NO; -> 1.2CO + 0.6HO, + HNO; + 0.4HCOCO; (12)

The products of these reactions are defined explicitly in CACM, except for two species, HOCH2CO3 and
HCOCO3, which were easily lumped back into the original mechanism. Note that lumped chemical
mechanisms that seek to efficiently represent ozone formation do not always conserve carbon mass for
the parent VOCs or their products. This treatment is used in many state of the art chemical mechanisms
including MCM, RADM, RACM, SAPRC and CACM. The chemical equations used in the current study
were taken directly from the MCM and/or CACM parent mechanisms.

Interpretation and Discussion

This research study immediately followed a project using similar methods to report the full range of
VOCs emitting from green waste composting, as well as the ozone formation potential (OFP) for those
emissions. Testing was initially conducted at the early and intermediate-early stages of the composting
process, because emissions from green waste composting are known to be more abundant then.

Since the earlier project was our first effort to conduct complete VOC speciation from composting
windrow emissions, different sampling approaches—a flux chamber at the first site and a wind tunnel at
the second--were used before adequate overall success was achieved with real-time ozone monitoring in
the MOChA chamber. The results from the predecessor study were documented in a peer-reviewed
journal article (Kumar et al., Atmospheric Environment 45 (2011) 1841-1848.)

In the prior study, VOCs from green waste composting, more than 100 VOCs were detected and
quantified in the study, including aliphatic alkanes, alkenes, aromatic hydrocarbons, biogenic organics,
aldehydes, ketones, alcohols, furans, acids, esters, ether, halogenated hydrocarbons and dimethyl disulfide
(DMDS). Alcohols were found to be the dominating VOCs in the emissions from a composting pile
regardless of age, making up from 80-95% of the total emissions in every age pile.

Ozone formation was instigated using the MOChA chamber, measured using an ultra-violet absorption
device, compared with photochemical model calculations, and determined to be low. The VOCs making
up the great majority of the composting source were considered to be low reactivity; that is, they had a
maximum incremental reactivity (MIR) of less than 2, and the overall reactivity of the mix was also very
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low. The reactivity of a typical urban VOC mix is moderate, with an average MIR of around 3.6
(http://www.engr.ucr.edu/~carter/SAPRC). Common plant-based biogenic VOCs — such as pinene and
limonene — have an MIR around 4.5.

In the current study, we assessed the VOCs and OFP from biosolids co-composting for emissions vented
through a rock biofilter, as well as from open windrows with materials of differing ages. Generally, the
results were similar to that seen from green waste composting.

This study compared ozone measured in the MOChA chamber with ozone which we would expect to see
in the chamber based on the gas concentrations captured in the canisters and tubes and analyzed on the
GC-MS. Variations can be explained by several factors, including the limitations of the real-time
measurement equipment, the inherent high variability of composting feedstocks, and the inherent
variations in microbially driven composting process. But variations must also be taken in the context of a
very weak ozone-forming source. Because the net ozone formation numbers were low, small variations
look larger. However, the overall picture remains of a VOC source dominated by low-reactivity alcohols
and unlikely to play a major role in regional tropospheric ozone formation.

Conclusions

We characterized the VOC emissions coming from biosolids co-composting for emissions vented through
a rock biofilter, as well as from open windrows with materials of differing ages. Generally, the results are
similar to that seen from green waste composting.

We characterized the emissions from each of these sources, and found that their overall reactivity was low
—around 1 on a scale (MIR) where anthropogenic emissions average 3.6.

Three light weight, low reactivity alcohols—ethanol, methanol and isopropyl, made up more than 90
percent of the emissions from all sources tested in this experiment. This is consistent with earlier studies
on green waste composting. A wide variety of other compounds were found, including biogenic terpenes
and aldehydes, but other compounds almost never comprise more than 1% of the total emissions mix, and
most often comprise fractions of a percent.

Using the Maximum Incremental Reactivity (MIR) Scale, the most commonly used method of comparing
the relative reactivity of compounds, the range of total volume weighted reactivity of all piles was around
1. The MIR of a typical urban VOC mixture is 3.6. On the Equal Benefit Incremental Reactivity (EBIR)
scale, which may be more appropriate for the San Joaquin Valley because of its relatively high levels of
natural and man-made VOCs, the volume weighted range of average reactivity ranged from 0.3 to 0.5.
The EBIR of a typical urban VOC mixture is 0.81.

The accompanying spreadsheets show all the data obtained: ranked VOC emissions aggregated from all
measurement methods, specific VOC results from the separate methods (INNOV A, canister, DNPH) as
well as physico-chemical measurements of the source, plus the observations during the ozone chamber
runs: temperature, relative humidity, NO, and ozone. Notably, NO, was rather high during sampling from
the Santa Rosa biofilter, but this was tracked back to emissions from the loading and unloading vehicles
operating inside the source building — which have diesel engines. So, regardless of the observed formation
of ozone from these samples, the cause was not reactive VOCs, rather it was due to NO, from high
temperature combustion.
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Abbreviations, Acronyms, and Glossary

EBIR: Equal Benefit Incremental Reactivity: an ozone yield scale derived by adjusting the NO,
emissions in a base case scenario so VOC and NOx reductions are equally effective in reducing ozone.

INNOVA: Danish manufacturer of air quality monitoring instruments.

MIR: Maximum Incremental Reactivity, an ozone yield scale derived by adjusting the NO emissions in a
base case to yield the highest incremental reactivity of the base reactive organic gas mixture.

MOChOA: Mobile Ozone Chamber Assay, a portable ozone chamber devised at UC Davis and towed to
sampling sites.

NO,: Oxides of Nitrogen, in air pollution terminology, generally refers to the combustion byproducts of
nitric oxide (NO) and nitrogen dioxide (NO,). It may also refer to nitrous oxide (N,O).

OFP: Ozone Formation Potential, the reactivity or propensity of a volatile organic compound to form
ozone when mixed with NOx.

SJVUAPCD: San Joaquin Valley Unified Air Pollution Control District.

VOC: Volatile Organic Compounds, organic chemical compounds that have high enough vapor pressures
under normal conditions to significantly vaporize and enter the atmosphere. A wide range of carbon-
based molecules, such as aldehydes, ketones and other light hydrocarbons, are classified as VOCs.
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Appendix A

Composting Emission VOCs and
Reactivity
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There are several accepted scales for measuring the reactivity of organic compounds. MIR stands for the
Maximum Incremental Reactivity scale. This tool was developed by William Carter at the University of
California, Riverside. MIR was designed for use in air pollution basins where additional hydrocarbons
have been determined to have the predominant impact on ozone formation — that is, where NO, is present
in excess. MIR has become the default standard for measuring reactivity. EBIR stands for Equal Benefit
Incremental Reactivity. This scale, also developed by William Carter, was optimized for use in air basins
where reduction of VOCs and NO, are equally beneficial (rather than having NOy in excess), and is
appropriate for air basins which are not densely urbanized — such as the San Joaquin Valley. The
molecular weight of each VOC is listed as grams per mole (g/mole) which is needed to convert from field
& laboratory measurements, which are calibrated to volume dilutions (proportional to number) rather than
mass. These leading VOCs found in biosolids co-composting emissions, ranked in descending order of
(non-weighted) per cent emissions from the two sites, are led by ethanol and methanol; their reactivities,
by both scales, are lower than most other VOC:s.
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Overall biosolids co-composting VOCs

ranked by ppbv MW MIR EBIR
ethanol 46.07 1.53 0.59
methanol 32.04 0.67 0.19
2-propanol 60.10 0.61 0.25
camphor (trimethyl bicyclo heptan-2-one) 152.23 0.49 0.129
monoterpene 136.23 4.04 0.86
alpha-pinene 136.23 4.51 0.89
eucalyptol 152.23 0.49 0.129
2-methyl 1-propene 56.11 6.29 1.18
limonene 136.23 4.55 0.96
3-heptene 98.19 443 1.14
1-propoxy 2-propanol 118.17 2.68 0.92
naphthalenone octahydro methyl (C11H180) 154.25 0.86 0.30
nonanal 142.24 3.16 0.77
trans decahydronaphthalene (C10H18) 138.25 1.09 0.30
3-decen-1-ol 152.23 0.49 0.129
3-ethyl hexane 114.23 1.07 0.35
3-methyl 1-hexene 98.19 4.41 1.15
octanal 128.21 3.16 0.77
heptanal 114.19 3.69 0.92
dimethylsulphide 62.13 0.25 0.121
hexanal 100.16 4.35 1.1
camphene 136.23 4.51 0.89
cis methyldecahydronaphthalene (C11H20) 152.28 0.91 0.24
carene 136.23 3.24 0.75
trans 4-methyldecahydro naphthalene (C11H20) 152.28 0.91 0.24
undecadiene (C11H20) 152.28 3.65 0.93
dichlorodifluoromethane 120.91 0 0
1,1-bicyclohexyl (C12H22) 166.30 0.81 0.19
methylbicyclo nonane (C10H18) 138.25 1.09 0.30
3-methyl hexane 100.20 1.61 0.57
2-octene 112.21 3.25 0.82
tetramethyl silane 88.22 -0.025 0.036
acetone 58.08 0.36 0.089
2,4-dimethyl hexane 114.23 1.73 0.54
naphthalene 2-ethyldecahydro (C12H22) 166.30 0.81 0.19

%
44.74
37.81
12.56
0.37
0.32
0.25
0.18
0.18
0.12
0.11
0.10
0.10
0.10
0.10
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.05
0.05
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Appendix B

Source Reference Notes (bibliography)

Papers on ozone formation using the mobile chamber:

Cody J. Howard, Wenli Yang, Peter G. Green, Frank Mitloehner, Irina L. Malkina, Robert G. Flocchini,
Michael J. Kleeman. Direct Measurements of the Ozone Formation Potential from Dairy Cattle Emissions
Using a Transportable Smog Chamber, Atmospheric Environment 2008. Vol 42, issue 21, pp 5267-7.

Anuj Kumar, Wenli Yang, Cody J. Howard, Michael J. Kleeman, Doniche Derrick, Peter G. Greeen,
Assessment of the Ozone Formation Potential from Pesticide Solvents Using a Mobile Ozone Chamber
Approach, Journal of ASTM International 2008 (5) 7.

Cody J. Howard, Anuj Kumar, Frank Mitloehner, Kimberly Stackhouse, Peter G. Green, Robert G.
Flocchini, and Michael J. Kleeman, Direct Measurements of the Ozone Formation Potential from
Livestock and Poultry Waste Emissions, Environmental Science and Technology 44, pp 2292-2298
(2010).

Cody J. Howard, Anuj Kumar, Irina Malkina, Frank Mitloehner, Peter G. Green, Robert G. Flocchini, and
Michael J. Kleeman, Reactive Organic Gas Emissions from Livestock Feed Contribute Significantly to
Ozone Production in Central California, Environmental Science and Technology 44, pp 2309-2314
(2010).

Anuj Kumar, Cody Howard, Doniche Derrick, Irina L. Malkina, Frank M. Mitloehner, Michael J. Kleeman,
Wenli Yang, Robert G. Flocchini and Peter G. Green, Determination of volatile organic compound
emissions and ozone formation potential from spraying solvent-based pesticides, Journal of
Environmental Quality (in press). Special Issue on Pesticide Formulations (2011).

Irina L. Malkina, Anuj Kumar, Peter G. Green, and Frank M. Mitloehner, Identification and quantifitation of
volatile organic compounds emitted from dairy silages and other feedstuffs, Journal of. Environmental.
Quality 40, p28-36 (2011).

Anuj Kumar, Chris Alaimo, Robert Horowitz, Frank Mitloehner, Michael J. Kleeman, and Peter G. Green,
Volatile Organic Compound Emissions from Compost: Characterization and Ozone Formation,
Atmospheric .Environment 45 (2011) 1841-1848.

Report to CalRecycle: An Investigation of the Potential for Ground-Level Ozone Formation Resulting from
Compost Facility Emissions, DRRR-2011-002, Peter G. Green, 2010
http://www.calrecycle.ca.gov/Publications/default.asp?pubid=1369.

Key papers by William Carter on ozone reactivity:

Author(s): Atkinson, R; Carter, WPL, Kinetics and Mechanisms of the Gas-Phase Reactions of Ozone
with Organic Compounds Under Atmospheric Conditions, Chemical Reviews, Volume: 84, Issue: 5,
Pages: 437-470, 1984.

Carter, WPL, Development of Ozone Reactivity Scales for Volatile Organic Compounds, Journal of the Air
& Waste Management Association, Volume: 44 Issue: 7 Pages: 881-899 July, 1994.

Carter, WPL, Pierce, JA, Luo, DM et al, Environmental Chamber Study of Maximum Incremental
Reatctivities of Volatile Organic Compounds, Atmospheric Environment, Volume: 29 Issue: 18 Pages:
2499-2511 September, 1995.
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Carter, WPL; Luo, DM; Malkina, IL Investigation of the atmospheric reactions of chloropicrin, Atmospheric
Environment, Volume: 31 Issue: 10 Pages: 1425-1439 May 1997.

For a complete list of all William Carter’s papers and reports:

http://www.engr.ucr.edu/~carter/wplcpubs.htm

Links to all his programs including list of reactivities:

http://www.engr.ucr.edu/~carter/wplcpubs.htm

Direct link to all reactivities:

http://www.engr.ucr.edu/~carter/SAPRC/scales07 .xls
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Appendix C

Compost Analyses
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SOIL CONTROL LAB

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001
Davis, CA 95616

Attn: Isabel Faria

TEL: 831-724-5422
FAX: 831-724-3188
www.compostiab.com

Account #: 0080700-2/2-6680
' Group: Aug.10 D#12
Reporting Date: September 8, 2010

*Sample was received and handled in accordance with TM

ECC procedures.
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-Date Received: 26 Aug. 10
Sample Identification: SRC1  {imnigled CoPrpost
Sample [D #: 0080700 - 2/2
Nutrients Dry wt.  As Rcevd. units Stability Indicator: Biologically
Total Nitrogen: 1.7 0.98 Y% CO2 Evolution Respirometery Available C
Ammonia (NH,-N): 910 540 mg/kg |[|mg CO,-C/g OM/day 072 1.2
Nitrate (NO;-N): 69 141 mg/kg |[mg CO,-C/g TS/day 0.34 0.57
Org. Nitrogen (Org.-N): 1.6 0.95 % Stability Rating very stable  very stable
“|Phosphorus (as P,Os): 1.7 0.98 %
Phosphorus (P): 7300 4300 mglkg
Potassium (as K;0): 0.78 0.47 % Maturity Indicator: Cucumber Bioassay
Potassium (K): 6600 3900 mg/kg ||Compost:Vermiculite(v:v) 1:1 1:3
Calcium (Ca): 21 1.3 % Emergence (%) 100 100
Magnesium {Mg): 0.58 0.35 % Seedling Vigor (%) 92 93
Sulfate (SC,-S): 590 350 mg/kg Description of Plants healthy healthy
Boron (Total B): 23 14 mg/kg
Moisture: : 0 40.8 %
Sodium (Na): 0.093 0.055 % Pathogens Results Units Rating
Chiloride (Cl): 0.13 0.076 % Fecal Coliform 9.2 MPN/g pass
pH Value: NA 8.18 unit Salmonelia <3 MPN/4g pass
Bulk Density : 21 36 Ib/cuy ft Date Tested: 26 Aug. 10
Carbonates (CaCO,): 6.2 3.7 ib/ton
Conductivity (EC5): 3.1 NA mmhos/cm
Organic Matter: 48.1 285 % Inerts % by weight
Organic Carbon: 29.0 17.0 % Plastic <05
Ash: 51.9 30.7 % Glass <05
C/N Ratio 18 18 ratio Metal <05
Agindex >10 > 10 ratio Sharps ND
Metals Drywt. EPALimit units ||Size & Volume Distribution
Aluminum (Al} 79800 - mgfkg |{MM % by weight % by volume BD g/cc
Arsenic (As): 3.7 41 mg/kg |[|> 50 0.0 0.0 0.00
Cadmium (Cd): <1.0 39 mg/kg |25 to 50 0.0 0.0 0.00
Chromium (Cr): 28 1200 mg/kg {16 to 25 0.0 0.0 0.00
Cobalt (Co) 54 - mg/kg ([[9.5to 16 1.1 04 1.28
Copper (Cu). 90 1500 mg/kg ||6.3t0 9.5 7.8 9.1 0.40
Iron (Fe): 15000 - mg/kg ||4.0t0 6.3 10.3 16.2 0.29
Lead (Pb): 21 300 mg/kg ||2.0tc 4.0 18.8 2286 0.38
Manganese (Mn): 420 - mgrkg 1[<2.0 62.0 51.7 0.56
Mercury (Hg): <10 17 mg’kg ||Bulk Density Description:<.35 Light Materials,
Moiybdenum (Mo): 4.0 75 mg/kg || .35-.60 medium weight materials, >.60 Heavy Materials
Nickel (Ni): 30 420 mg/kg Analyst: Assaf Sadeh
Selenium (Se): 16 36 mg/kg /
Zinc {Zn): 280 2800 mglkg %*7/5‘;&/ o




Account No.: Date Received 26 Aug.
0080700 - 2/2 - 6680 Sample i.d. SR C1
Group: Aug.10 D No. 12 Sample L.d. No. 212
INTERPRETATION:

. Is Your Compost Stable?

10
0080700

Page one of three

Respiration Rate
- 0.72 mg CO2-C/
g OM/day

Bioderadation Rate of Your Pile

1.2 mg CO2-C/
g OM/day

Is Your Compost Mature?

AmmoniaN/NitrateN ratio

13 Ratio

Ammonia N ppm

910 mgikg
dry wi.
* Nitrate N ppm

69 mg/kg
dry wt.
‘pH value

8.18 units

‘Cucumber Emergence

100.0 percent

Is Your Compost Safe Regarding Health?

Fecal Coliform

Salmonelia

[.ess than 3 /4g dry wt.

Metals US EPA 503

Pass drywt

Does Your Compost Provide Nutrients or Organic Matter?
Nutrients (N+P205+K20)

4.2 Percent
dry wt. L0 :
Agindex {(Nufrients / Sedium and Chlorlde Salts)

15 Ratio

Plant Available Nitrogen (PAN)

14 Ibsfton
wet wit.
C/N Ratio

18 Ratio

dry wt.
Lime Content (CaCO3)

6.2 Lbs/ton
dry wi.

What are the physical properties of your compost?

Percent Ash

| SRR
t

51.9 Percent
dry wt.

dry wt.
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Account No.: Date Received 26 Aug. 10

0080700 - 2/2 - 6680 Sample i.d. SR C1
Group: Aug.10 D No. 12 Sample |.d. No. 2/2 0080700
INTERPRETATION: . .
" Is Your Compost Stable? Page two of three
Respiration Rate
0.72- Low: Good for all uses mg CO2-C/g OM/day

... The respiration rate is a measurement of the biodegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moisture and
temperature conditions. :
Biologically Available Carbon

1.2 Low: Good for all uses mg CO2-C/g OM/day
Biologically Available Carbon (BAC) is a measurement of the rate at which CO2 is released under optimized moisture, temperature,
porosity, nutrients, pH and microbial conditions. If both the RR and the BAG test values are close to the same value, the pile is
optimized for composting. If both values are high the compost pile just needs more time. If both values are low the compost has
stabilized and should be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
couid be due to anaercbic conditions, iack of available nitrogen due to excessive air converting ammonia to the unavailable nitrate
form, lack of nitrogen or other nutrients due to poor choice of feedstock, pH value out of range, or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateN ratio

13 immature
Composting to stabilize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammonia is in excess with the break-down of organic materials resulting
910 immature in an increase in pH. This combination results in a loss of volatife ammonia (it smelis). Once this toxic
Nitrate N ppm ammonia has been reduced and the pH drops, the micrcbes convert the ammonia to nitrates. A low
69 mature ammonia + high nitrate score is indicative of a mature compast, however there are many exceptions.
pHvalue - For example, a compost with a low pH (<7) will retain ammonia, while a compost with high lime content
8.18 immature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before

curing indicators apply.

Cucumber Bicassay
100.0 Percent Cucumbers are chosen for this test because they are salt tolerant and very sensitive to ammonia

and organic acid toxicity. Therefore, we can germinate seeds in high concentrations of compost to
measure phytotoxic effects without soluble salts being the limiting factor. Values above 80% for both percent emergence and
vigor are indicative of a well-cured compost. Exceptions include very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
vermiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

< 1000 Igdry wt. Fecal coliforms can survive in both aerobic and anaerobic conditions and is common in all initial
compost piles. Most human pathogens occur from fecal matter and all fecal matter is loaded in fecal coliforms. Therefore fecal
coliforms are used as an indicator to determine if the chosen method for pathogen reduction (heat for compost) has met the
requirements of sufficient temperature, time and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wt. it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliforn can regrow during the curing phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan3  3/4gdrywt.  Salmonella is not only another indicator organism but also a toxic microbe. It has been used in the
case of biosolids industry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals listed in the EPA 503 regulations are chosen to determine if compost
can be applied to ag land and handled without toxic effects. Most high concentrations of heavy metals are derived from
woodwaste feedstock such as chrome-arsenic freated or lead painted demolition wood. Biosolids are rarely a problem.
Does Your Compost Provide Nufrients or Organic Matter?
Nutrients (N+P205+K20)
4.2 Average nufrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A sum greater than 5 is indicative of a compost with high nutrient content, and best used to supply
nutrients to a receiving soil. A sum below 2 indicates low nutrient content, and is best-used to improve soil structure via the
addition of organic matter. Most compost falls between 2 and 5.
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Account No.: Date Received 26 Aug. 10

0080700 - 2/2 - 6680 Sample i.d. SR C1
Group: Aug.10 D No. 12 Sample 1.d. No. 22 0086700
INTERPRETATION: Page three of three
Agindex {Nutrients/Na+Cl) .
15 High nutrient ratio Composts with low Agindex values have high concentrations of sodium and/or chloride

compared to nutrients. Repeated use of a compost with a low Agindex (< 2) may result in sodium and/or chloride

~acting as the limiting factor compared to nutrients, governing application rates. These composts may be used on well-draining
~-soils and/or with salt-tolerant plants. Additional nutrients form another source may be needed if the application rate is limited by

sadium or chleride. If the-Aglindex is above 10, nutrients optimal for plant growth will be available without concern of sodium andfor

chloride toxicity. Composts with an Agladex of above 10 are good for increasing nutrient levels for all soils. Most composts score

between 2 and 10. Concentrations of nutrients, sodiumn, and chloride in the receiving soil should be considered when determining

compost application rates. The Aglindex is a product of feedstock quality. Feedstock from dairy manure, marine waste, industrial

wastes, and halophytic plants are likely to produce a finished compost with a low Aglndex.

Plant Available Nitrogen (Ibs/ton)

14 Average N Provider Plant Avaiiable Nitrogen (PAN) is calculated by estimating the reiease rate of Nitrogen from
the organic fraction of the compost. This estimate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compost, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compost. With ample nutrients these microbes can further breakdown organic
matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/N ratio is not considered in the PAN calculation
because additional Nitrogen should always be supplemented fo the receiving soil when composts with a high C/N ratio are applied.
C/N Ratio

18 Indicates immaturity As a guiding principal, a C/N ratio below 14 indicates maturity and above 14 indicates
immaturity, however, there are many excepticns. Large woadchips {(>6.3mm), bark, and redwood are slow to breakdown and
therefore can result in a relatively stable product while the C/N ratio value is high. Additionally, some composts with chicken manure
and/or green grass feedstocks can start with a C/N ratio below 15 and are very unstable. A C/N ratio below 10 supplies Nitrogen,
while a ratio above 20 can deplete Nitrogen from the soil. The rate at which Nitrogen will be released or used by the microbes is
indicated by the respiration rate (BAC). If the respiration rate is too high the transfer of Nitrogen will not be controlable.

Soluble Nufrients & Salts (EC5 wiw dw - mmhosfcmy)

3.1 Average salis This value refers to all soluble ions including nutrients, sodium, chloride and some
soluble organic compounds. The cencenfration of salts will change due to the release of saits from the organic matter as it degrades,
volatilization of ammonia, decomposition of soluble organics, and conversion of molecular structure. High salts + high Agindex is
indicative of a compost high in readily available nutrients. The application rate of these composts should be limited by the optimum
nutrient value based on soil analysis of the receiving soil. High Salts + low Aglndex is indicative of a compost low in nutrients with
high concentrations of sodium and/or chloride. Limit the application rate according to the toxicity level of thesodium and/er chloride.
Low salts indicates that the compost can be applied without risking salt toxicity, is likely a good source of organic matter, and that
nutrients will release slowly over time.

Lime Content {Ibs. per ton)

6.2 Average lime content Compost high in lime or carbonates are often those produced from chicken manure {layers)
ash materials, and lime products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to raise the pH. Composts with a high lime content should be closely considered for pH reguirements when formulating
potting mixes.

Physical Properties
Percent Ash
51.9 Average ash content Ash is the non-organic fraction of a compost. Most compoests contain approximately 50%

ash (dry weight basis). Compost can be high in ash content for many reasons including: excess minerilzation{old compost),
contamination with soil base material during turning, poor quality feedstock, and soil or mineral products added. Finding the source
and reducing high ash content is often the fastest means to increasing nutrient gquality of a compost.

Particle Size % > 6.3 MM (0.25")

89 May restrict use Large particles may restrict use for potting soils, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large particles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight, volume and bulk density. These results are particuiarly relevent with decisions to screen
or not, and if screening, which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
material or heavy mineral material. Removing large mineral material can greatly improve compost quality by increasing nutrient and
organic concentrations.

Appendix:
Estimated available nutrients for use when calculating application rates
Plant Available Nitrogen (PAN) calculations: Ibs/ton
PAN = (X * {organic N)} + ((NH4-N) + (NO3-N})
Kvalug = If BAC <2 then X = 0.1 Plant Available Nitrogen (PAN) 13.9
IFBAC=21t05 thenX=0.2 Ammonia (NH4-N) 1.08
If BAC =5.1to 10 then X = 0.3 Nitrate (NO3-N) 0.08
f BAC > 10then X =04 Available Phosphorus (P205*0.64) 12.5
Note: If C/N ratio > 15 additional N should he applied. Available Potassiurn (K20) 9.4
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(ANALYTICAL CHEMISTS

SOIL CONTROL LAB

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001

Davis, CA 95616
Attn: Isabel Faria

TEL: 831-724-5422
FAX: 831-724-3188
www.compostlab.com

Account #: 0080700-1/2-6680
Group: Aug.10 D #11
.Reporting Date: September 8, 2010

Date Received: 26 Aug. 10 , ot e
Sample Identification: SR Cél; ONERDSL Corrpost
Sample ID #: 0080700 - 1/2

" [Nufrients Drywt.  As Rcvd. units Stability Indicator: Biologically
Total Nitrogen: 1.3 0.79 % CO2 Evolution Respirometery Available C
Ammonia (NH,-N): 570 340 mg/kg ||mg CO,-C/g OM/day 2.5 26
Nitrate (NO;-N}): 40 24 mg/kg {|mg CO,-C/g TS/day 1.6 16
Org. Nitrogen (Org.-N): 1.2 0.71 % Stability Rating stable stable
Phosphorus (as P,0s): 0.98 0.58 %
Phosphorus (P): 4300 2600 mg/kg
Potassium (as K;0): 0.77 0.45 % Maturity Indicator: Cucumber Bioassay
Potassium (K): 6400 3800 mag/kg |[|Compost:Vermiculite(v:v) 11 1:3
Calcium (Ca): 1.4 0.81 % Emergence (%) 100 100
Magnesium (Mg): 0.43 0.25 % Seedling Vigor (%) 100 100
Suifate (SO,-S): 620 370 mg/kg Description of Plants healthy healthy
Boron (Total B): 18 " mg/kg
Moisture: 0 406 %
Sodium (Na): 0.074 0.044 % Pathogens Results Units Rating
Chiloride (Cl): 0.11 0.062 % Fecal Coliform 250 MPN/g pass
pH Value: NA 7.71 unit Salmonella <3 MPN/4g pass
Bulk Density : 22 37 Ib/cu ft Date Tested: 26 Aug. 10
Carbonates (CaCO,) 2.3 1.3 Ib/ton
Conductivity (EC5): 2.4 NA mmhos/cm
Organic Matter: 62.5 371 % Inerts % by weight
Organic Carbon: 30.0 18.0 % Plastic <05 .
Ash: 37.5 22.3 % Glass <0.5
C/N Ratio 23 23 ratio Metal 1.2
|Agindex >10 >10 ratio || Sharps ND
Metals Drywt. EPALimit  unils Size & Volume Distribution
Aluminum (Al) 6600 - mg/kg ||MM % by weight % by volume BD g/cc
Arsenic (As): 2.5 41 mg/kg ||> 50 0.0 0.0 0.00
Cadmium (Cd): <1.0 39 ma/kg [|25 to 50 0.0 0.0 0.00
Chromium (Cr): 50 1200 mg/kg |16 to 25 29.2 213 0.62
Cobalt (Co) 4.2 - mg/kg |[{9.5t0 16 37.2 34.4 0.49
Copper (Cu): 62 1500 mg/kg |[|6.3109.5 9.6 16.4 0.26
fron (Fe): 12000 - mgkg |[[4.0t06.3 4.5 6.6 0.31
Lead (Pby: 12 300 mg/kg {[2.0to 4.0 59 8.2 0.32
Manganese (Mn): 290 - mg/kg ||< 2.0 13.5 13.1 0.46
Mercury (Hg): <1.0 17 mg/kg  |iBulk Density Description:<.35 Light Materials,
Molybdenum (Mo): 43 75 mg/kg  [{.35-.60 medium weight materials, >.60 Heavy Materials
Nickel (Ni): 24 420 mg/kg Analyst: Assaf Sadeh
Selenium (Se): 0.96 36 mg/kg . .
Zinc (Zn): 170 2800 mg/kg %;;%M T

*Sample was received and handled in accordance with TM

ECC procedures.
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Account No.: Date Received 26 Aug. 10
0080700 - 1/2 - 6680 Sample i.d. SR CO
Group: Aug.10 D No. 11 Sample 1.d. No. 1/2 0080700

INTERPRETATION: ' " Page one of three
Is Your Compost Stable?

Resplratlon Rate Biodegradation Rate of Your Pile
2.5 mg CO2-C/ oot o EET T
g OM/day

2.6 mg CO2-C/
g OM/day

- Is Your Compost Mature?

AmmoniaN/NitrateN ratio
14 Ratio

Ammenia N ppm
570 mg/kg
dry wt.
Nifrate N ppm
40 mg/kg
dry wt.

pH value
7.71 units

. Cucumber Emergence
100.0 percent

Is Your Compost Safe Regarding Health?

Fecal Coliform
< 1000 MPN/g dry wt.

Salmonella
Less than 3 /4g dry wi.

Metals US EPA 503
Pass drywt

Does Your Compost Provide Nutrients or Organic Matter?

Nutrients (N+P205+K20)
3.0 Percent

w;l#; _..‘ T

11 [bs/ton
wet wt.
CIN Ratio

23 Ratio

2.4 mmhosicm
dry wt.

Lime Content (CaCQ3)

2.3 Lbs/ton +++
dry wt. o

What are the physical properties of your compost?

Percent Ash
37.5 Percent
dry wt,

dry wt.
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Account No.: Date Received 26 Aug. 10

0080700 - 1/2 - 6680 Sample i.d. SR CO
Group: Aug.10 D No. 11 Sample I.d. No. 1/2 0080700
INTERPRETATION:
Is Your Compost Sfable? . Page two of three
- Respiration Rate .
2.5 Low: Good for all uses mg CO2-C/g OM/day

...The respiration rate is a measurement of the biodegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moisture and
temperature conditions. .
Biologically Available Carbon
28 Low: Good for all uses mg CO2-C/g OM/day
Biologically Available Carbon (BAC) is a measurement of the rate at which CO2 is released under optimized moisture, temperature,
. porosity, nutrients, pH and microbial conditions, If both the RR and the BAC test values are close o the same value, the pile is
optimized for composting. If both values are high the compost pile just needs more time. If both values are low the compost has
- stabilized and should be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due to anaerobic conditions, lack of available nitrogen due to excessive air converting ammonia to the unavailable nitrate
form, lack of nifrogen or other nutrients due to poor choice of feedstock, pH value out of range, or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateN ratio

14 immature
Composting fo stabilize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammonia is in excess with the break-down of organic materials resulting
570 immature in an increase in pH. This combination results in a loss of volatile ammeonia (it smells). Once this toxic
Nitrate N ppm ammonia has been reduced and the pH drops, the microbes convert the ammonia to nitrates. A low
40 immature ammonia + high nitrate score is indicative of a mature compost, however there are many exceptions.
pH value For example, a compost with a low pH (<7} will retain ammonia, while a compost with high lime content
7.71 mature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before

curing indicators apply.

Cucumber Bioassay
100.0 Percent Cucumbers are chosen for this test because they are salt tolerant and very sensitive to ammonia

and organic acid toxicity. Therefore, we can germinate seeds in high concentrations of compost to
measure phytotoxic effects without soluble salts being the limiting factor.- Values above 80% for both percent emergence and
vigor are indicative of a well-cured compost. Exceptions include very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
vermiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

<1000 /g dry wt. Fecal coliforms can survive in both aerabic and anaerobic conditions and is cormmon in all initial
compost piles. Most human pathogens occur from fecat matter and all fecal matter is loaded in fecal coliforms. Therefore fecal
coliforms are used as an indicator to determine if the chosen method for pathogen reduction (heat for compost) has met the
requirements of sufficient temperature, time and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wi. it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliform can regrow during the curing phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan3  3/4gdrywt.  Salmonella is not only another indicator organism but also a toxic microbe. It has been used in the
case of biosolids industry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals listed in the EPA 503 regulations are chosen to determine if compost
can be applied to ag land and handied without toxic effects. Most high concentrations of heavy metals are derived from
woodwaste feadstock such as chrome-arsenic treated or lead painted demolition wood. Biosolids are rarely a problem.
Does Your Compost Provide Nutrients or Organic Matter?
Nutrients (N+P205+K20)
3.0 Average nutrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A sum greater than 5 is indicative of a compost with high nutrient content, and best used to supply
nutrients to a receiving soil. A sum below 2 indicates low nutrient content, and is best-used to improve soil structure via the
addition of organic matter. Most compost falls between 2 and 5.
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Account No.: Date Received 26 Aug. 10

0080700 - 1/2 - 6680 Sample id. SR CO
Group: Aug.10 D No. 11 Sampie I.d. No. 1/2 0080700
INTERPRETATION: Page three of three
Aglndex (Nutrients/Na+Cl} )
15 - High nutrient ratio Composts with low Agindex values have high concentrations of sodium and/or chioride

compared to nutrients. Repeated use of a compost with a low Agindex (< 2} may result in sodium and/or chloride

acting as the limiting factor compared to nutrients, governing application rates. These composts may be used on well-draining
soils and/or with sal-tolerant plants. Additional nutrients form another source may be-needed if the application rate is limited-by
sodium or chloride. !f the Agindex is above 10, nutrients optimal for plant growth will be available without concern of sedium and/or
chloride toxicity. Composts with an Aglndex of above 10 are good for increasing nutrient levels for all soils. Most composts score
between 2 and 10. Concentrations of nutrients, sodium, and chloride in the receiving soil should be considered when determining
compost application rates. The Agindex is a product of feedstock quality. Feedstock from dairy manure, marine waste, rndustrlal
wastes, and halophytic plants are likely to produce a finished compost with a low Agindex.

Plant Available Nitrogen (Ibs/ton)

11 Average N Provider Piant Available Nitrogen (PAN) is calcufated by estimating the release rate of Nitrogen from
the organic fraction of the compost. This estimate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compast, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compost. With ample nutrients these microbes can further breakdown organic

- matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/N ratio is not considered in the PAN calculation
because additional Nitrogen should always be supplemented to the receiving soil when composts with a high C/N ratio are applied,
C/N Ratio

23 Indicates immaturity As a guiding principal, a C/N ratio below 14 indicates maturity and above 14 indicates
immaturity, however, there are many exceptions. Large woodchips (>8.3mm), bark, and redwood are slow to breakdown and
therefore can result in a refatively stable product while the C/N ratio value is high. Additionally, some composts with chicken manure
andfor green grass feedstocks can start with a C/N ratio below 15 and ave very unstable. A C/N ratio below 10 supplies Nitrogen,
while a ratio above 20 can deplete Nitrogen from the soil. The rate at which Nitragen will be released or used by the microbes is
indicated by the respiration rate (BAC). if the respiration rate is too high the transfer of Nitrogen will not be controfable.

Soluble Nutrients & Salts (EC5 wiw dw - mmhos/cm)

24 Average salts This value refers to all soluble ions including nutrients, sodium, chloride and some
soluble organic compounds. The concentration of salts will change due to the release of saits from the organic matter as it degrades.
volafilization of ammonia, decomposition of soluble organics, and conversion of molecular structure. High salts + high Aglndex is
indicative of a compost high in readily available nutrients. The application rate of these composts should be limited by the optimum
nutrient value based on soil analysis of the receiving soil. High Salts + low Agindex is indicative of a compost low in nutrients with
high concentrations of sodium andfor chloride. Limit the application rate according to the toxicity level of thesodium andfor chloride.
Low salts indicates that the compost can be applied without risking salt toxicity, is likely a good source of organic matter, and that
nutrients will release slowly over time.

Lime Content (Ibs. per ton)

23 Low lime content Compost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and lime products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to raise the pH. Composts with a high lime content should be closely considered for pH requirements when formulating
potting mixes.

Physical Properties
Percent Ash
37.5 Average ash content Ash is the non-organic fraction of a compost. Most composts contain approximately 50%

ash (dry weight basis). Compost can be high in ash content for many reasons including: excess minerilzation{old compost),
contamination with soil base material during tuming, poor quality feedstock, and soil or mineral products added. Finding the source
and reducing high ash content is often the fastest means to increasing nutrient quality of a compost.

Particle Size % > 6.3 MM (0.25")

76.1 May restrict use Large particles may restrict use for potting soits, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large particles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight, volume and bulk density. These results are particularly relevent with decisions to screen
or not, and if screening, which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
material or heavy mineral material. Removing large mineral material can greatly improve compost quality by increasing nutrient and
organic concentrations. .

Appendix:
Estimated available nutrients for use when calculating application rates

Plant Available Nitrogen (PAN) calculations: Ibs/ton
PAN = (X * {organic N)) + ((NH4-N) + (NO3-N))
X value = If BAC < 2 then X = 0.1 Plant Available Nitrogen (PAN) 10.6

FBAC=2.1to 5 thenX=0.2 Ammonia {NH4-N) 0.68

If BAC =5.1to 10 then X =0.3 Nitrate (NO3-N) 0.05

¥BAC > 10then X=0.4 Available Phosphorus (P205%0.64) 7.6
Note: If C/N ratio > 15 additional N should be applied. Available Potassium {K20) 9.2
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AMALYTIZAL CHEMISTS TEL: B31-T24-5422

U FAX: 831-724-3188
Approved by Staie of Calfomis www compostlab_ com
SOIL CONTROL LAB
AT Account #: 0100335-1/6-6680

g Group: Oct.10 C #12

Reporting Date: October 27, 2010

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001
Davis, CA 95616

Attn: |sabel Fara

Date Received: 13 Oct. 10

Sample Identification: #1A Merced 2 Wk Comp

Sample 1D #: 0100335 - 16

Nutrients Drywt. As Rewvd. units Stability Indicator: Biologically
Total Nitrogen: 21 0.95 Y C0O2 Evolution Respirometery  Available C
Ammonia (MH.s-M): 4200 1900 mg'kg ||mg CO.-Clg OM/day 25 45
Mitrate (NO3-M): 1.9 0.85 mglkg ||mg COs-Cig TSiday 1.2 22
Org. Mitrogen {Org.-N): 1.7 0.77 %o Stability Rating stable stable
Phosphorus (as Ps0s): 35 16 Yo

Phosphorus (P): 15000 T000 mgikg

Potassium (as K,0): D80 0.36 Y% Maturity Indicator: Cucumber Bioassay

Potassium (K): 6600 3000 mg'kg ||Compost\Vermiculite(vv) 11 1:3
Calcium (Ca): 20 0.91 Yo Emergence (%) 42 100
Magnesium (Mg): 0.68 0.31 % Seedling Vigor (%) 0 70
Sulfate (50:-5): 1900 860 mg'kg Description of Plants stunted stunted
Boron (Total B): 25 11 mglkg

Moisture: 0 54 .6 %

Sodium (Ha): 017 0.07& Y Pathogens Results Units Rating
Chiloride (CI): 0.4 0.18 % Fecal Coliform = 1700 MPN/g fail
pH Value: MA .00 unit Salmonella <3 MPN/Mdg pass
Bulk Density - 20 43 Ibfcu fi Diate Tested: 12 Oct. 10

Carbonates (CaCO3): 11 49 Ibton

Conductivity (ECS): 89 MA mimhas/em

Organic Matter: 487 221 Yo Inerts % by weight

Organic Carbon: 240 11.0 Y Plastic 0.58

Ash: 51.3 233 Yo Glass = 0.5

C/M Ratio 12 12 ratio Metal = 0.5

Aglndex =10 =10 ratio Shamps MND

Metals Drywt. EPA Limit units Size & Volume Distribution

Alurminum (Al) 7100 - mglkg ||MM % by weight % by volume BD glcc
Arsenic (As): 38 41 mgikg ||= S0 0.0 0.0 0.00
Cadmium (Cd): =1.0 39 mgikg ||25 to 20 0.0 0.0 0.00
Chromium (Cr): 45 1200 mglkg |16 to 25 L 128 0.31
Cobalt (Co) 3T - mglkg ||9.5to 16 11.1 18.9 024
Copper (Cu): 160 1500 mgkg |[|6.3t0 9.5 a7 10.5 0.34
Iron (Fe): 49000 - mgkg |[|4.0tcB.3 46 42 0.44
Lead (Ph): 7 300 mg'kg ||2.0tc4.0 109 95 047
Manganese (Mn): 240 - mgkg |[|=<2.0 550 442 0.51
Mercury (Hg): = 1.0 17 mg'kg ||Bulk Density Description:=_35 Light Materials,
Molybdenum {Mo): T.B s mgkg .35-.60 medium weight materials, =.60 Heavy Materials
Mickel (Mi): 22 420 mgikg Analyst: Assaf Sadeh
Selenium (Se): 1.3 36 mgikg . -
Zine (Zn): 380 2800 maglkg (f«?"ﬂf' s

*Sample was received and handled in accordance with TMECC procedures.

—
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Account No.: Date Received 13 Oct. 10

0100335 - 1/5 - BEE0 Sample i.d. #1A Merced 2 Wk Comp
Group: Oct. 10 € No. 12 Sample L.d. No. 1/6 0100335
INTERPRETATION: Page one of three

Is Your Compost Stable?

Respiration Rate
2.5 mg CO2-C/
g OM/day
Biologically Available Carbao
4.5 mg CO2-C/
g OM/day

Is Your Compost Mature?

AmmoniaMN/MitrateN ratio
2200 Ratio

Ammonia N ppm
4200 mgkg
dry wt
Nitrate N ppm
1.9 mgikg
dry wt
pH value
B.00 units

Cucumber Emergence
417 percent

Biodegradation Rate of Your Pile

++ebs i
< Stable < Moderately Stable  >[<  Unstable
n {SAL] Uiptimum Liegradation Rate
e

< Stable »]< Moderately Stable

== ngt For Mulch

=< TInstable == ngt For Mulch

T |

Verylature =[< Mature =< Immature | |
I T T s |
Verylature =[< Mature =< Immature | |
+ |
< Immature =< Mature | |
I e | |
< Immature < Mature =< Immature | |
I | |
< Imamature =[< Mature | |

Is Your Compost Safe Regarding Health?

Fecal Coliform

> 1000 MPN/g dry wt. JH-HHE R R R R R R R R R R e 2 |
< Safe =[< High Fecal Colfferm | |
Salmonella
Less than 3 Mg dry wit. HHH | |
<Sare  (none detected) =[< High Salmonella Count> ¥ per 4 grams) | |
Metals S BEPA 503
Pass dry wt HEHHH | |
<Al Metals Fass =] Cine or more Metals Fal | |
Does Your Compost Provide Nutfrients or Organic Matter?
Nutrients [N+P205+K20)
6.3 Percent D B 1
dry wt <Low = A B =[< High Nutrnent Content | |
Aglndex [Mutrients | Sodium and Chlaride Salts) [(N+PIA5+HIT] 7 (Ma + Tl
11 Ratio D | |
a & C1 =[< Nuinent and Sodium and Chlonde Provider =< Nuinent Prowvider | |
Plant Available Nitrogen (PAN] Estimated release for first season
18 Ibsiton I ey | |
wet wit. itrogen Provider=]< Average Hitrogen Froviger »[<High Nrtm-aen Provider | |
C/N Ratio
12 Rabio HEH R R R | |
[< Hirogen Release =< W-Neutral == W-Demand=|< High N'rtmgen Demand | |
Soluble Available Nufrients & Salts (ECS wiw dw)
B.9 mmhos/cm e e T e e | |
dry wi. SloRelease>|< Average Mutrient Release Rate  >|<High Available Mutrients |
Lime Content (CaC03)
11 Lbsiton ++o+bo bbb bbtEe+ | |
dry wi. Z Low =|= Averags Z|= High Lime Content (3= CaCO3) |
What are the physical properties of your compost?
Percent Ash
51.3 Percent I e o S e o e | |
dry wt < High Trganic Matter >[<  Awerage < Hﬁh Ash Content | |
Sieve Size % > 6.3 MM (0.25
9.3 Percent NS EEES |
dry wt All Uses =[< Sze May Hestnct Uses for Polting mx and Golf Courses
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Account No.: Date Received 13 Oet. 10

0100335 - 1/5 - 6680 Sample i.d. #14 Merced 2 Wk Comp
Group: Ot 10 C No. 12 Sample |.d. No. 116 0100335
INTERFRETATION:
Is Your Compost Stable? Page two of three
Respiration Rate

25 Low: Good for all uses myg CO2-Clg OMiday

The respiration rate 5 3 measurement of the bindegradation rate of the organic matter in the sample (as received).
The respiration rate s detemmined by measuring the rate at which CO2 is released under optimized moisture and
temperature conditions.
Biologically Available Carbon

45 Moderate-selected wse mig CO2-Clg OMiday
Biclogically Available Carton (BAC) is a3 measurement of the rate at which CO2 is released under optimized moishure, temperature,
porosity, nutnents, pH and microbial conditons. |f both the RR: and the BAC test valwes are close to the same value, the pile is
optimized for composting. If both values are high the compost pile just needs more time. If both values are low the compost has
stabilized and should be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due to anaerobic conditions. lack of avalable nitrogen due to excessive air converting ammeonia to the unavailable nitrate
form, lack of nitregen or other nuinients due to poor choice of feedstock, pH valee out of range. or microbes rendered non-active.
Is Your Compost Marure?
AmmaoniaM:NitrateM ratio

2200 immiature
Ciomposting to stablize carbon can occwr at such a rapid rate that sometimes phytotoxins remain in
the compost and miust be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammonia is in excess with the break-down of organic materials resulting
4200 immature in an increase in pH. This combination results in a loss of volatle ammonia (it smells). Once this toxc
Hitrate N ppm ammaonia has been reduced and the pH drops. the micnobes convert the ammaonia to nitrates. A low
1.8 immature ammania + high nitrate score is indicative of a mature compast, however there are many excepbions.
pH value For example, a compost with a low pH (<7 will retain ammonia, while a compost with high lime content
8.00 mahme can lose ammenia before the onganic fraction becomes stable. Composts must first be stable before
curing indicators apply.
Cucumber Bioassay
41.7 Percent Cucumbers are chosen for this test because they are salt tolerant and very sensitive to ammaonia

and organic acid toxicity. Therefore, we can germinate seeds in high concenirations of compost o
measure phytotoxic effects without soluble salts being the Imiting factor. Values abowe B0% for both percent emergence and
vigor are indicative of a well-cured compest. Exceptions include very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutnents that wil be in mnge when formulated to make a growing media. In addition to testing a 1:1 compost:
vermiculite blend, we also test a diluted 1:4 blend fo indicate a more sensitive toxicity level.

Is ¥our Compaost Safe Regarding Health?
Fecal Coliform
= 100D Igdrywt Fecal coliforms can sureive in both aerobic and anaerobic conditions and is commeon in all initial

compost piles. Most human pathogens oceur from fecal matter and all fecal matter is loaded in fecal coliforms. Therefore fecal
coliforms are used as an indicator to determine i the chosen method for pathogen reduction (heat for compast) has met the
requirements of sufficient temperature, Bme and mixing. I the fecal coliforms are reduced to below 1000 per gram dry wt_ it is
assumed all others pathogens are eliminated. Potential problems are that fecal colifiorm can regrow during the curing phase or
during shipping. This s because the conditions are now more faworable for growth than during the composting process.
Salmonella Bacteria
Lessthan3 3/4gdrywt  Salmonella is not only another indicator organism but also a toxic microbe. It has been used in the
case of biosolids industry to determine adequate pathogen reduction.
Metals

Pass The ten heavy metals listed in the EPA 5032 regulations are chosen to determine if compost
can be applied to ag land and handled without toxic effects. Most high concenirations of heavy metals are derived from
wondwashe feedstock such as chrome-arsenic treated or lead painted demolition wood. Biosolids are rarely a problam.
Dwoes Your Compost Provide Nutrients or Organic Matmer?
Hutrients [N+F205+HK20)

6.3 High nutrient content
This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A sum greater than 5 is indicative of a compost with high nuimient content, and best used to supply
nuirients e a receiving soil. A sum below 2 indicates low nutrient content, and is best-used to mprove soil structure wia the
addition of onganic matter. Most compost falls between 2 and 5.
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Account Mo.: Date Received 13 Oct. 10

0100335 - 145 - 6580 Sample id. #1A Merced 2 Wk Comp
Group: Ot 10 C Mo. 12 Sample |.d. No. 18 0100335
INTERPRETATION: Page three of three
Agindex [Mutrients/Na+Cl)
1 High nutrient ratio Composts with low Agindex values have high concentrations of sodium and'or chionde

compared fo nutrients. Repeated use of a compost with a low Aglndex (< 2) may result in sodium andfor chlorde
acting as the limiting factor compared to nutrients, goveming application rates. These composts may be used on well-draming
sois andlor with salt-tolerant plants. Additional nutrients form another source may be needed if the application rate is imited by
sodiem or chloride. |f the Agindex is above 10, nutrients optimal for plant growth will be available without concem of sodium andior
chionde toxicity. Composts with an Aglndex of above 10 are good for increasing nuinient levels for all soils. Most composts. score
between 2 and 10. Concentrations of nutrients, sodium, and chionde in the receiving soil should be considered when detesmining
compost application rates. The Agindex is a product of feedstock quality. Feedstock from dairy manure, marine waste, industrial
wastes, and halophytic plants are likely to preduce a finished compost with a bow Aglindex.
Plant Awvailable Nitrogen (lbsiton)

1B High N Prowider Plant Available Nitregen (PAN) is calculated by estimating the release rate of Nitrogen from
the organic fraction of the compost. This estimate is based on information gathered from the BAC test and measured ammonia and
nitrate walwes. Despite the PAN value of the compost, additional sources of Mirogen may be needed during he growing season to off-
set the Mitrogen demand of the microbes present in the compest. With ample nutrients these microbes can further breakdown crganic
miatter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/N rabio is not considered in the PAMN calculation
because additional Mitrogen shoubd always be supplemented to the receiving sol when composts with a high C/M ratio are applied.
C/N Ratio

12 Indicates maturity As a guiding principal, a C/M ratio below 14 indicates maturity and above 14 indicates
immaturity, however, there are many exceptions. Large woodchips (»8.3mm). bark, and redwood are skow to breakdown and
therefore can result in a relatively stable product while the C/N ratio value is high. Additionally, some composts with chicken marnure
andfor green grass feedstocks can start with a CfN ratio below 15 and are very unstable. A C/N ratio below 10 supplies Nitrogen,
while a rabo above 20 can deplete Nitrogen from the soil. The rate at which Mitrogen will be released or used by the microbes is
indicated by the respiration rate (BAC). I the respiration rate is too high the transfer of Nitrogen will not be controlable.
Soluble Nutrients & Salts [ECS wiw dw - mmhos/cm)

8a High salts This value refers to all soluble ions induding nuirients. sodium, chloride and some
soluble onganic compounds. The concentration of salts will change due fo the release of salts from the organic matter as it degrades,
wolatilization of anmeonia. decomposition of soluble organics. and conversion of molecular structure. High salts + high Aglndex is
indicative of a cormpost high in readily available nutrients. The application rate of these composts should be Bmited by the optimum
nutrient vakee based on soil analysis of the recesving sod. High Salts + low Agindex is indicative of a compost low in nuiments with
high concentrations of sodism and'or chloride. Limi the application mte according to the towicity level of thesodium andfor chloride.
Low salts indicates that the compost can be applied without risking salt toxicsty, is likely a good source of orgamic matter, and that
nutmients will release slowly over time.

Lime Content {lbs. per ton)
1 Average lime content Cormpost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and lime products. These are excellent products to use on a receiving sol where lime has been recommended by
sod analysis to raise the pH. Composts with a high lime content should be dosely considered for pH requirements wien formulating
ITiHES.
pF::E:ai Properties
Percent Ash

51.3 Average ash content Ash is the non-organic fraction of a compost. Most composts contain approximately 50%
ash (dry weight basis) Compost can be high in ash content for many reasons including: excess minenlzation(old compost),
contamination with soil base material during tuming. poor quality feedstock. and soil or mineral products added. Finding the source
and reducing high ash content is often the fastest means o increasing nutrient quality of a compost.

Particle Size % = 6.3 MM (0.257)

295 May restrict use Large partiches may restrict use for potting soils, goff course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large particles can still be used as excellent additions to field
soils, shrubr mixes and rulches.

Particle Size Distribution

Each size fraction is measured by weight, volume and bulk density. These results are particulary relevent with decisions to screen
or mot, and if screening. which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
miaterial or heavy mineral matenal. Removing large mineral material can greatly improve compost quality by mcreasing nutment and
organic concentrations.

Appendic
Estimated avalable nutrients for use when calculating application rates

Plant Available Mitrogen (FAN) calculations: Ibsfton
PAM = (X * [onganic M) + ([NH4-N) = (NO3-M))
X value = IFBAC < 2 then X =10.1 Plant Available Nitrogen (PAN) 17.8

IFBAC =21t0 5 then X =02 Ammonia (MHE-M) 3.480

IFBAC =5.1to 10 then X =03 Nitrate (MO3-M) 0.00

IFBAC = 10then X =04 FAwailable Phosphones (P205"0064) 204
Mote: I C/M ratio > 15 additional M should be applied. FAwalable Potassium (K20} 7.2
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AMALYTICAL CHEMISTS TEL: 831-724-5422

s FAX: 831-724-3188
Bﬂ.ﬂﬁﬁféhmu www compestiab.com
SOIL CONTROL LAB
g Account # 0100335-3/6-6680

Bt~ ll Group: Oct.10 C #14

Reporting Date: October 27, 2010

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001
Davis, CA 95616

Afdtn: Isabel Faria
Date Received: 13 Oct. 10
Sample Identification:  #3A Mercad 2 Wk Comp
Sample 1D #: 0100335 - 316
Mutrients Drywt.  As Reovd. units Stability Indicator: Biologically
Total Nitrogen: 27T 11 % C0O2 Evolution Respirometery  Available C
Ammaonia (NH-N): 4100 1700 mag'ka ||mg CO.-Clg OMiday 47 5.3
Nitrate (NO5-N): 18 0.74 malkg ||ma CO,-Clg TSiday 25 28
Org. Nitrogen (Org.-N): 23 0.95 % Stability Rating stable sfable
Phosphorus (as PoOs): 26 11 %
Phosphorus (P): 12000 4300 malkg
Potassium (as K20 0.82 0.34 % Maturity Indicator: Cucumber Bioassay
Potassium (K 6800 2800 ma/fkg || CompostVermiculite(vv) 11 13
Calcium (Ca): 1.7 0.70 %% Emergence (%) 0 100
Magnesium (Ma): 0.62 0.26 % Seedling Vigor (%) MA 40
Sulfate (50:-3): 800 330 mafkg Description of Flants Stunfed
Boron (Total B): 33 14 malkg
Moisture: 0 586 %
Sodium (Na): 016 0.065 % Pathogens Results Units Rating
Chloride (CI): 022 0.091 %% Fecal Coliform = 1800 MPN/g fanl
pH Value: MA, 7.95 Lunit Salmonella =3 MPMN/4g pass
Bulk Density - 18 44 lbficu fi Date Tested: 13 Oct. 10
Carbonates (CaCO,): 7T 32 Ibfon
Conductivity (EC5): 75 MNA mimhos/cm
Crganic Matter: 525 217 % Inerts % by weight
Organic Carbon: 260 11.0 %% Plastic =05
Ash: 475 1897 % Glass =05
C/N Ratio 94 G54 ratio Metal <05
Aglndex =10 =10 ratio Sharps ND
Metals Drywt. EPA Limit units Size & Volume Distribution
Aluminum {Al) 9100 - mafkg |[MM % by weight % by volume BD gfcc
Arsenic (As): 19 41 ma'kg |[=50 0.0 0.0 0.00
Cadmium {Cd): =1.0 39 mg'kg |25 to 50 0.0 0.0 0.00
Chromium {Cr): a0 1200 mg'kg |[16t0 25 1.2 15 0.35
Cobalt (Cao) 248 - mg'ka |[951t0 16 31 45 0.30
Copper (Cu): 180 1500 mgkg ||63to8.5 4.4 6.6 0.29
Iron (Fe): 12000 - mgkg |[40to6.3 6.6 9.0 0.31
Lead (Pb) 15 300 mg'ka ||20to4.0 191 173 0.47
Manganese (Mn): 690 - mafkg |[|=2.0 655 61.2 0.45
Mercury (Hg): =1.0 17 mafkg |[|Bulk Density Description:=.35 Light Materials,
Maolybdenum (Mao): 44 75 mafkg |[|.35-.60 medium weight materials, = 60 Heavy Materials
Mickel (Mi): 22 420 ma/kg Analyst: Assaf Sadeh
Selenium (Se): 27T 36 ma/kg P
Zinc {Zn): 390 2800 ma'ka :5»-#-':?!' =

*Sample was received and handled in accordance with TMECC procedures.

—
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Account No.: Date Received 13 Oet. 10

0100335 - 36 - 6680 Sample i.d. #3A Merced 2 Wk Comp
Group: Oct. 10 C MNo. 14 Sample |.d. No. e 0100335
INTERPRETATION: Page one of three
Is Your Compost Stable?
Respiration Rate ind=aradati b
4.7 mg CO2-C/f e e
g OMiday = Siable =< Moderately Siable  =[<  Unsiable 7<= High For Mulch
Biclogically Available Carbon [HAL Lptimum Llegradation hiats
2.3 mg CO2-CJ +HE R
g OMiday < Siable =< Moderately Stable  *[<  Tnsiable =[< High For Mulch

Is Your Compost Mature?

AmmonialiNitrateM ratio

2300 Ratio +-+tt—tt—tt—trt—tt—tt—ttt—tt—tt—tt—tt—tt—trb-tt—ti—ttb—tt-tt—tit—tb—+b-t b=+t
WeryMature=[< ature =< Immature
Ammonia N ppm
4100 mgkg I
dry wt. WeryMature=[< Wature = Immature
Mitrate N ppm
1.8 mgkg +
dry wt. < Tmmature >[< Wature
pH value
7.95 units e T T T e o
< Immature =[< Wature =[< Immature
Cucumber Emergence
0.0 percent +
< Immature =< Mature

Is Your Compost Safe Regarding Health?

Fecal Coliform
e L T O [ e aeaay

= Cale >]= High Fecal Coliiomm
Salmonella
Less than 3 Mg dry wt. HEHHE
[5aTe [none oeieced] = High Salmoneia Count= 3 per ¥ grams] |
Metals U3 EPA BO3
Pass drywt ++-+t—tt
<Al Metals Fass =< Lne or more Metals Fail
D ; . Provid. ) 0 ic M. -
Mufrients (M+P205+K20)
6.2 Percent I B B e e e
dry wt. =Low =[< Average zl‘-'t High Mutrient Content
Agindex (Nutrients / Sodium and Chloride Salts) (NP205 K200 [Ha + Ol
15 Ratic e e R R e e e e
a & CI  >[< Nuinent and Sodium and Chionde Provider =< MNuirient Provider
Plant Available Nitrogen (PAN) Estmated release for first season
12 Ibsiton e T e T e SR ED
wet wit. w Frovider =1=Hioh Nirogen Frowder |
C/M Ratio
9.4 Ratio +HE R
Mn Release == M-Heutral == N-Demand=]= High Hizogen Demand
Soluble Available Nutrients & Salts [ECS wiw dw]
7.5 mmhosizm e e
dry wt. SloRelease>[< Average Muinient Helease Fate  »[<High Available Nuirients
Lime Content (Cal03)
1.7 Lbsiton H R
dry wt. = Low =[< AvETage 1< High Lime Content [as CalC03)
What are the physical properties of your compost?
Percent Ash
47.3 Percent JH s+ s R R R
dry wt. < High Organic Matter < Average B H?‘I Ash Content
Sieve Size % = 6.3 MM (025
8.8 Percent +He+ttettettotttettettetttottottettbettettothbotteth bbbttt
dry wt. Al Jses =[< Size May Resinict Uses for Polting mix and Golf Courses
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Account No.: Date Received 13 Oet. 10

0100335 - 3/6 - 6680 Sample i.d. #34 Merced 2 Wk Comp
Group: Oct 10 C Mo. 14 Sample 1.d. No. e 0100335
INTERPRETATIOM:
Is Your Compost Stable? Page twa of three
Respiration Rate

47 Moderate-selected use myg C02-Clg OMday

The respiration rate is a measurement of the bicdegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moishure and
temperature conditions.
Biclogically Available Carbon

53 Moderate-selected use myg CO2-Cig OM'day
Biologically Avalabde Carbon (BAC) is a measwement of the rate at which CO2 is released under optimized moisture, temperature,
porosity, nuitrients, pH and microbial conditions. If both the RR and the BAC test values are close o the same value, the pile is
optimized for composting. f both walues are high the compaost pile just nesds more time. i both values are low the compost has
stabilized and showld be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due o anasrobic conditions, lack of available nitrogen due to excessive ar converting ammaonia to the unavailable nitrate
form, [ack of nitrogen or other nuttents due to poor choice of feedstock, pH value out of range. or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateM ratio

2300 immature
Composting to stablize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammaonia s in excess with the break-down of organic materials resulting
4100 immature in an mcrease in pH. This combination results in a loss of volatile ammeonia (it smells). Once this boxic
Nitrate N ppm ammonia has been reduced and the pH drops, the microbes convert the ammonia to nirates. A low
1.8 immature ammonia + high nitrate score is indicative of a mature compost. however there are many exceptions.
pH value For example, a compost with a low pH {<T) will retain ammaonia, while a compost with high lime content
7.85 mature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before
curing indicators apply.
Cucumber Bioassay
0.0 Percent Cucumbers are chosen for this test because they are salt tolerant and wery sensitive to ammonia

and organic acid tocity. Therefore, we can germinate seeds in high concentrations of compost bo
measure phytotoxic efects without soluble salts being the limiting factor. Values above B0 for both percent emergence and
wigor are indicative of a well-cured compost  Exceptions nclude very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
wemiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

= 1000 ! g dry wt. Fecal coliforms can survive in both aerobic and anaerchic conditions and is commen in all initial
compost piles. Most human pathogens occur from fecal matter and all fecal matter is loaded in fecal colifiorms. Therefore fecal
cofiforms are wsed as an indicator to determine i the chosen method for pathogen reducton (heat for compost) has met the
requirements of suficient temperature, ime and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wi it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliform can regrow during the caring phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan 3 3 /4gdrywt  Salmonella is not only another indicator organism but also a toxic microbe. it has been used in the
case of biosolids mdustry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals isted in the EPA 503 regulations are chosen to determine if compost
can be applied o ag land and handled without toxic efects. Most high concentrations of heavy metals are derived from
woodwaste feedstock such as chrome-arsenic treated or lead painted demaoliion wood. Biosolids are rarely a problemn.
Does Your Compost Prowvide Nutrients or Organic Mamer?
Nutrients (N+P205+K20)
6.2 High nutrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A swum greater than 5 is indicative of a compost with high nuiment content, and best used to supply
nutrients to a receving soil. A sum below 2 indicates low nutnent content, and is best-used to improve soil structure via the
addition of onganic matter. Most compost falls between 2 and 5.
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Account Mo.- Diate Received 13 0ct 10

0100335 - 3/6 - 6aa0 Sample i.d. #3A Merced 2 Wk Comp
Group: Oct 10 € Mo 14 Sample Ld. No. A 0100335
INTERPRETATION: Papge three of three
Aglndex {Nutrients/Na+CI)
15 High nutrient ratio Composts with low Agindex values have high concentrations of sodium andlor chloride

compared to nutnients. Repeated use of a compost with a low Agindex (< 2) may result in sodium and/or chloride

acting as the limiting factor compared to nutrients, goveming application rates. These composts may be used on well-draining
soils andiior with salt-telerant plants. Additional nutrients form another source may be needed if the application rate is limited by
sodiem or chloride. If the Agindex is above 10, nufrients optimal for plant growth will be available without concem of sodum andior
chionde toxicity. Composts with an Aglndex of abowe 10 are good for mcreasing nutrient levels for all soils. Most composts score
between 2 and 10. Concentrations of nutrients, sodium, and chioride in the receiving soi should be considered when determining
compost application rates. The Agindex s a product of feedstock quality. Fesdstock from dairy manure, marine waste. industrial
wastes, and halophytic plants are likely to produce a finished compost with a low Agindex.

Plant Available Nitrogen {Ibsiton])

22 High N Provider Plant Available Mitrogen (PAN) is calculated by estimating the release rate of Mitrogen from
the organic fraction of the compest. This estmate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compost, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compest. With ample nutrients these microbes can further breakdown organic
matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/M ratio is not considered in the PAM calculation
becawse additional Mitrogen should always be supplemented to the receiving soil when composts with a high C/M ratio are applied.
C/N Ratio

B4 Indicates maturity As 3 guiding principal, a C/M ratio below 14 indicates maturity and abowe 14 indicates
immaturity, however, there are many exceptions. Large woodchips (=8.3mm), bark, and redwood are slow to breakdown and
therefore can result in a relatively stable product while the C/M ratio value s high. Additionally, some composts with chicken manure
and/or green grass feedstocks can start with a C/M ratio below 15 and are very unstable. A C/N ratio below 10 supplies Nitrogen,
while aratic abowe 20 can deplete Mitrogen from the sed. The rate at which Mitrogen will be released or used by the microbes is
indicated by the respiration rate (BAC). I the respiration rate is too high the ransfer of Nitrogen will not be controlable.

Soluble Nufrients & Salts (ECS wiw dw - mmhos/cm)

75 Average salts This walue refers to all soluble ions inchuding nutrients, sodium, chlorde and some
sofuble organic compounds. The concentration of salts will change due to the release of salts from the organic matter as it degrades,
volatilization of ammonia. decomposition of soluble organics, and conversion of molecular structure. High salts + high Aglndex is
indicative of a compost high i readily available nutrients. The application rate of these composts should be limited by the optimam
nutrient value based on sod analysis of the receiving soil. High Salts + low Aglindex is indicative of a compost low in nutrients with
high concentrations of sodium andior chloride. Limit the application rate according to the towcity level of thesodium andlor chlonde.
Low salts indicates that the compost can be applied without risking salt toxcity. is likely a good source of crganic matter, and that
nutrients will release slowly over ime.

Lime Content [lbs. per ton)

7T Average lime content Comgost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and me products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to raise the pH. Composts with a high lime content should be closely considered for pH requirements when formulating
potting mixes.

Physical Properties
Percent Ash

475 Average ash content Ash is the non-organic fraction of a compost  Most composts contain approximately 50%
ash (dry weight basis). Compost can be high in ash content for many reasons incuding: excess minerilzation{old compaost).
contamination with soil base material during tuming. poor quality feedstock, and soil or mineral products added. Finding the sowrce
and reducing high ash content is often the fastest means to increasing nutrent quality of a compast.
Particle Size % = 6.3 MM {0_257)

BB May restrict use Large particles may restrict use for potting soils, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large partidles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight. volume and bulk density. These results are particulary relevent with decisions to screen
or mot. and if screening. which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
material or heavy mineral matenal. Removing large mineral material can greatty mmprove compost quality by increasing nument and
organic concentrations.

Appendix:
Estimated awailable nutrients for use when calculating application rates

Plant Awailable Nitrogen (FAN) calcudations: Ibsiton
PAMN = (¥ * (organic M)} + ((MH4-N) + (NO3-N})
K ovalue = I BAC < 2 then X =0.1 Plant Available Mitrogen (PAN) 224

FBAC =211 5 then X =102 Armmonia (MHE-M) 3.40

FBAC =5.11o0 10 then X=0.3 Nitrate (NO3-M) D.0

FBAC = 1D then X=04 Available Phosphones (F205"0.64) 14.0
MNote: i C/M ratio = 15 additional N should be applied. Available Potassium (K20 6.7
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ANALNTICAL CHEMISTS
Hiad
BACTERIOLOGIETS
Approred by Slabu of Callornia

SOIL CONTROL LAB
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UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001
Davis, CA 95616

Attn: Isabel Faria

TEL: 831-T24-5422
FAx: 831-T24-3188
www . composatiab.com

Account # 0100335-4/6-6680
Group: Oct.10 C #15
Reporting Date: October 27, 2010

Date Recsived: 13 Oct. 10

Sample ldentification: #44 Merced 3 Wk

Sample ID #: 0100335 - 4/6

HNutrients Drywt. As Reovd. units Stability Indicator: Biologically
Total Mitregen: 2.2 1.2 S C 02 Evolution Respirometery Awvailable C
Ammonia (MHz-M): 2900 1600 mg'kg ||mg CO,-Cilg OMiday 32 56
Mitrate (NO-N): 0.11 0.061 mgkg ||mg CO,-Cig TSiday 15 26
Org. Nitrogen (Org-N): 1.9 1.0 % Stability Rating stable stable
Phosphorus (as PyO:): 26 14 %

Phosphorus (P): 11000 6100 magikg

Potassium (as K0 089 0.48 % Maturity Indicator: Cucumber Bioassay

Potassium (K): 7400 4000 magikg Compost-\Vermiculite(vov) 11 13
Calcium (Ca): 1.7 0.91 % Emergence (2) 0 100
Magnesium (Mg): 058 0.31 % Seedling Vigor (%) MA 47
Sulfate (50,-5) 920 490 maoikg Description of Plants stunted
Boron (Total B): 32 17 ma'kg

Moisture: ] 46 4 %

Sodium (Na): 0.16 0.085 % Pathogens Results Units Rating
Chioride (Cl): 026 0.14 % Fecal Coliform as MPHig pass
pH Value: M B.08 unit Salmonella =3 MPMi4g pass
Bulk Density : 23 43 Ibfeu fit Date Tested: 13 Oct. 10

Carbonates (CaC0,): 36 20 Ibfton

Conductivity (EC5): a7 MA mmhiosom

Organic Matter: 464 249 Yo Inerts % by weight

Crganic Carbon: 220 12.0 % Plastic <05

Aszh: 536 287 % Glass =<0.5

C/N Ratio 10 10 ratio Metal <05

Agindex =10 =10 ratio Sharps MWD

Metals Drywt. EPA Limit units Size & Volume Distribution

Alurninum (Al) 7900 - mag'kg ||MM % by weight % by volume BD glce
Arsenic (As): 1.6 41 mo/kg ||= 50 0.0 0.0 0.00
Cadmium {Cd): =1.0 39 mgkg ||25to 50 0.0 0.0 0.00
Chromium (Cr): 30 1200 mgkg |[|16t0 25 0.0 0.0 0.00
Cobalt (Co) 27 - mgkg [|9.5to 16 9.2 11.2 043
Copper (Cu): 130 1500 mogkg ||B.3to95 4.1 70 0.31
Iron {Fe): 12000 - mgkg ||4.0to6.3 24 34 0.38
Lead (Pb): 13 300 mgkg ||2.0to 4.0 &7 84 0.55
Manganese (Mn): SE0 - magikg =20 756 70.0 0.57
Mercury (Hg): =10 17 magikg Bulk Density Description:<.25 Light Materials,
Molybdenum (Mo): 449 75 mag'kg |]|.35-.60 medium weight matenals, = 60 Heavy Matenals
Mickel (Mi): 17 420 magikg Analyst: Assaf Sadeh
Selenium (Se): 24 36 ma'kg B i

Zine (Zn): 350 2800 malkg ::ff-ff:z-' Ll

*Sample was received and handied in accordance with TMECC procedures.

—
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Account No.: Date Received 13 Oet. 10

0100335 - 4/6 - 6680 Sample i.d. #44 Merced 3 Wk
Group: Oct. 10 C MNo. 15 Sample |.d. No. 4/6 0100335
INTERPRETATION: Page one of three
Is Your Compost Stable?
Respiration Rate ind=aradati b
32 mpCO2-Cf  [HEitbtittit
g OMiday = Siable =< Moderately Siable  =[<  Unsiable 7<= High For Mulch
Biclogically Available Carbon [HAL Lptimum Llegradation hiats
2.6 mg CO2-CJ +HEHH R R
g OMiday < Siable =< Moderately Stable  *[<  Tnsiable =[< High For Mulch

Is Your Compost Mature?

AmmonialiNitrateM ratio

26000 Ratio e T e T B B e S e S e ey
WeryMature=[< ature =< Immature
Ammonia N ppm
2500 mgkg I
dry wt. WeryMature=[< Wature = Immature
Mitrate N ppm
011 mgkg +
dry wt. < Trmmature >[< Wature
pH value
B.08 units D e
< Immature =[< Wature =[< Immature
Cucumber Emergence
0.0 percent +
< Immature =< Mature

Is Your Compost Safe Regarding Health?

Fecal Coliform
< 1000 MPMN'g dry wt. [+++++++

= Cale >]= High Fecal Coliiomm
Salmonella
Less than 3 Mg dry wt. HEHHE
[5aTe [none oeieced] = High Salmoneia Count= 3 per ¥ grams] |
Metals U3 EPA BO3
Pass drywt ++-+t—tt
<Al Metals Fass =< Lne or more Metals Fail
D ; . Provid. ) 0 ic M. -
Mufrients (M+P205+K20)
5.6 Percent I B s
dry wt. =Low =[< Average zl‘-'t High Mutrient Content
Agindex (Nutrients / Sodium and Chloride Salts) (NP205 K200 [Ha + Ol
13 Ratic e T e B R ST = e e e
a & CI  >[< Nuinent and Sodium and Chionde Provider =< MNuirient Provider
Plant Available Nitrogen (PAN) Estmated release for first season
18 Ibsiton e T
wet wit. w Frovider =1=Hioh Nirogen Frowder |
C/M Ratio
10 Ratic +HEHHE R
Mn Release == M-Heutral == N-Demand=]= High Hizogen Demand
Soluble Available Nutrients & Salts [ECS wiw dw]
5.7 mmhosizm e e B ey
dry wt. SloRelease>[< Average Muinient Helease Fate  »[<High Available Nuirients
Lime Content (Cal03)
3.6 Lbsiton HiH
dry wt. < Low == Auerage >]= High Lime Content {as CalCl3)
What are the physical properties of your compost?
Percent Ash
23.6 Percent [H st R HE R R H R
dry wt. < High Organic Matter < Average B H?‘I Ash Content
Sieve Size % = 6.3 MM (025
13.3 Percent b=ttt sttettetttettettetttettottotte ottt tto ettt be+t
dry wt. Al Jses =[< Size May Resinict Uses for Polting mix and Golf Courses
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Account No.: Date Received 13 Oet. 10

0100335 - 4/6 - 6680 Sample i.d. #44 Merced 3 Wk
Group: Oct 10 C Mo. 15 Sample 1.d. No. 4/6 0100335
INTERPRETATIOM:
Is Your Compost Stable? Page twa of three
Respiration Rate

32 Low: Good for all uses myg C02-Clg OMday

The respiration rate is a measurement of the bicdegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moishure and
temperature conditions.
Biclogically Available Carbon
5.8 Moderate-selected use myg CO2-Cig OM'day

Biologically Avalabde Carbon (BAC) is a measwement of the rate at which CO2 is released under optimized moisture, temperature,
porosity, nuitrients, pH and microbial conditions. If both the RR and the BAC test values are close o the same value, the pile is
optimized for composting. f both walues are high the compaost pile just nesds more time. i both values are low the compost has
stabilized and showld be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due o anasrobic conditions, lack of available nitrogen due to excessive ar converting ammaonia to the unavailable nitrate
form, [ack of nitrogen or other nuttents due to poor choice of feedstock, pH value out of range. or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateM ratio

26000 immature

Composting to stablize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This

Ammonia N ppm step is called curing. Typically ammaonia s in excess with the break-down of organic materials resulting
2000 immature in an mcrease in pH. This combination results in a loss of volatile ammeonia (it smells). Once this boxic
Nitrate N ppm ammonia has been reduced and the pH drops, the microbes convert the ammonia to nirates. A low
0.11 immature ammonia + high nitrate score is indicative of a mature compost. however there are many exceptions.
pH value For example, a compost with a low pH {<T) will retain ammaonia, while a compost with high lime content
.08 mature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before
curing indicators apply.
Cucumber Bioassay
0.0 Percent Cucumbers are chosen for this test because they are salt tolerant and wery sensitive to ammonia

and organic acid tocity. Therefore, we can germinate seeds in high concentrations of compost bo
measure phytotoxic efects without soluble salts being the limiting factor. Values above B0 for both percent emergence and
wigor are indicative of a well-cured compost  Exceptions nclude very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
wemiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

<1000 ! g dry wt. Fecal coliforms can survive in both aerobic and anaerchic conditions and is commen in all initial
compost piles. Most human pathogens occur from fecal matter and all fecal matter is loaded in fecal colifiorms. Therefore fecal
cofiforms are wsed as an indicator to determine i the chosen method for pathogen reducton (heat for compost) has met the
requirements of suficient temperature, ime and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wi it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliform can regrow during the caring phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan 3 3 /4gdrywt  Salmonella is not only another indicator organism but also a toxic microbe. it has been used in the
case of biosolids mdustry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals isted in the EPA 503 regulations are chosen to determine if compost
can be applied o ag land and handled without toxic efects. Most high concentrations of heavy metals are derived from
woodwaste feedstock such as chrome-arsenic treated or lead painted demaoliion wood. Biosolids are rarely a problemn.
Does Your Compost Prowvide Nutrients or Organic Mamer?
Nutrients (N+P205+K20)
58 High nutrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A swum greater than 5 is indicative of a compost with high nuiment content, and best used to supply
nutrients to a receving soil. A sum below 2 indicates low nutnent content, and is best-used to improve soil structure via the
addition of onganic matter. Most compost falls between 2 and 5.
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Account Mo.- Diate Received 13 0ct 10

0100335 - 4/6 - G230 Sample id. #4144 Mercad 3 Wk
Group: Ot 10 C Mo 15 Sample 1.d. Mo 415 0100335
INTERPRETATIOM: Papge three of three
Aglndex {Nutrients/Na+CI)
13 High nutrient ratio Composts with low Agindex values have high concentrations of sodium andlor chloride

compared to nutnients. Repeated use of a compost with a low Agindex (< 2) may result in sodium and/or chloride

acting as the limiting factor compared to nutrients, goveming application rates. These composts may be used on well-draining
soils andiior with salt-telerant plants. Additional nutrients form another source may be needed if the application rate is limited by
sodiem or chloride. If the Agindex is above 10, nufrients optimal for plant growth will be available without concem of sodum andior
chionde toxicity. Composts with an Aglndex of abowe 10 are good for mcreasing nutrient levels for all soils. Most composts score
between 2 and 10. Concentrations of nutrients, sodium, and chioride in the receiving soi should be considered when determining
compost application rates. The Agindex s a product of feedstock quality. Fesdstock from dairy manure, marine waste. industrial
wastes, and halophytic plants are likely to produce a finished compost with a low Agindex.

Plant Available Nitrogen {Ibsiton])

18 High N Provider Plant Available Mitrogen (PAN) is calculated by estimating the release rate of Mitrogen from
the organic fraction of the compest. This estmate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compost, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compest. With ample nutrients these microbes can further breakdown organic
matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/M ratio is not considered in the PAM calculation
becawse additional Mitrogen should always be supplemented to the receiving soil when composts with a high C/M ratio are applied.
C/N Ratio

10 Indicates maturity As 3 guiding principal, a C/M ratio below 14 indicates maturity and abowe 14 indicates
immaturity, however, there are many exceptions. Large woodchips (=8.3mm), bark, and redwood are slow to breakdown and
therefore can result in a relatively stable product while the C/M ratio value s high. Additionally, some composts with chicken manure
and/or green grass feedstocks can start with a C/M ratio below 15 and are very unstable. A C/N ratio below 10 supplies Nitrogen,
while aratic abowe 20 can deplete Mitrogen from the sed. The rate at which Mitrogen will be released or used by the microbes is
indicated by the respiration rate (BAC). I the respiration rate is too high the ransfer of Nitrogen will not be controlable.

Soluble Nufrients & Salts (ECS wiw dw - mmhos/cm)

5T Average salts This walue refers to all soluble ions inchuding nutrients, sodium, chlorde and some
sofuble organic compounds. The concentration of salts will change due to the release of salts from the organic matter as it degrades,
volatilization of ammonia. decomposition of soluble organics, and conversion of molecular structure. High salts + high Aglndex is
indicative of a compost high i readily available nutrients. The application rate of these composts should be limited by the optimam
nutrient value based on sod analysis of the receiving soil. High Salts + low Aglindex is indicative of a compost low in nutrients with
high concentrations of sodium andior chloride. Limit the application rate according to the towcity level of thesodium andlor chlonde.
Low salts indicates that the compost can be applied without risking salt toxcity. is likely a good source of crganic matter, and that
nutrients will release slowly over ime.

Lime Content [lbs. per ton)

38 Lioww lime conbent Comgost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and me products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to raise the pH. Composts with a high lime content should be closely considered for pH requirements when formulating
potting mixes.

Physical Properties
Percent Ash

536 Average ash content Ash is the non-organic fraction of a compost  Most composts contain approximately 50%
ash (dry weight basis). Compost can be high in ash content for many reasons incuding: excess minerilzation{old compaost).
contamination with soil base material during tuming. poor quality feedstock, and soil or mineral products added. Finding the sowrce
and reducing high ash content is often the fastest means to increasing nutrent quality of a compast.
Particle Size % = 6.3 MM {0_257)

133 May restrict use Large particles may restrict use for potting soils, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large partidles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight. volume and bulk density. These results are particulary relevent with decisions to screen
or mot. and if screening. which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
material or heavy mineral matenal. Removing large mineral material can greatty mmprove compost quality by increasing nument and
organic concentrations.

Appendix:
Estimated awailable nutrients for use when calculating application rates

Plant Awailable Nitrogen (FAN) calcudations: Ibsiton
PAMN = (¥ * (organic M)} + ((MH4-N) + (NO3-N})
K ovalue = I BAC < 2 then X =0.1 Plant Available Mitrogen (PAN) 18.2

FBAC =211 5 then X =102 Armmonia (MHE-M) 3.1

FBAC =5.11o0 10 then X=0.3 Nitrate (NO3-M) D.0

FBAC = 1D then X=04 Available Phosphones (F205"0.64) 17.7
MNote: i C/M ratio = 15 additional N should be applied. Available Potassium (K20 B.&
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ANALNTICAL CHEMISTS
Hiad
BACTERIOLOGIETS
Approred by Slabu of Callornia

SOIL CONTROL LAB

HF HANGAZ WA
WATEDIHVILLE

TEL: 831-T24-5422
FAx: 831-T24-3188
www . composatiab.com

Account # 0100335-2/6-6680
Group: Oct.10 C #13

Reporting Date: October 27, 2010

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001
Davis, CA 95616

Attn: Isabel Faria

Date Recsived: 13 Oct. 10

Sample ldentification: #2A Merced 8.5 Wk Comp

Sample ID #: 0100335 - 216

HNutrients Drywt. As Reovd. units Stability Indicator: Biologically
Total Mitregen: 1.5 1.2 S C 02 Evolution Respirometery Awvailable C
Ammonia (MHz-M): 2800 2100 mg'kg ||mg CO,-Cilg OMiday 1.3 16
Mitrate (NO-N): 12 9.3 mgikg ||mg CO,-Cig TSiday 0.39 0.48
Org. Nitrogen (Org-N): 1.2 0.91 % Stability Rating very stabls very stable
Phosphorus (as PyO:): 32 24 %

Phosphorus (P): 14000 11000 magikg

Potassium (as K0 073 0.56 % Maturity Indicator: Cucumber Bioassay

Potassium (K): 6100 4600 magikg Compost-\Vermiculite(vov) 11 13
Calcium (Ca): 23 18 % Emergence (2) 0 ]
Magnesium (Mg): 079 0.60 % Seedling Vigor (%) MA M&
Sulfate (50,-5) 1700 1300 maoikg Description of Plants

Boron (Total B): 22 17 ma'kg

Moisture: ] 238 %

Sodium (Na): 0ar 0.13 % Pathogens Results Units Rating
Chioride (Cl): 027 02 % Fecal Coliform =20 MPHig pass
pH Value: M 8.01 unit Salmonella =3 MPMi4g pass
Bulk Density : 43 56 Ibfeu fit Date Tested: 13 Oct. 10

Carbonates (CaC0,): 20 15 Ibfton

Conductivity (EC5): 6.1 MA mmhiosom

Crganic Matter: 2919 228 Yo Inerts % by weight

COrganic Carbon: 15.0 12.0 % Plastic 025

Aszh: 701 534 % Glass =<0.5

C/N Ratio 10 10 ratio Metal 22

Agindex =10 =10 ratio Sharps MWD

Metals Drywt. EPA Limit units Size & Volume Distribution

Alurninum (Al) 10000 - mag'kg ||MM % by weight % by volume BD glce
Arsenic (As): 26 41 mo/kg ||= 50 0.0 0.0 0.00
Cadmium {Cd): =1.0 39 mgkg ||25to 50 0.0 0.0 0.00
Chromium (Cr): 35 1200 mgkg |[|16t0 25 13 22 0.42
Cobalt (Co) 3.6 - mgkg [|9.5to 16 35 59 043
Copper (Cu): 110 1500 mogkg ||B.3to95 30 66 D0.33
Iron {Fe): 23000 - mgkg ||4.0to6.3 31 47 047
Lead (Pb): 15 300 mgkg ||2.0to 4.0 4.4 2.2 0.61
Manganese (Mn): 210 - magikg =20 847 753 0.81
Mercury (Hg): =10 17 magikg Bulk Density Description:<.25 Light Materials,
Molybdenum (Mo): 6.0 75 mag'kg |]|.35-.60 medium weight matenals, = 60 Heavy Matenals
Mickel (Mi): 24 420 magikg Analyst: Assaf Sadeh
Selenium (Se): 1.2 36 ma'kg B i

Zinc {Zn): 320 2800 makyg ::ff-ff:z-' Ll

*Sample was received and handied in accordance with TMECC procedures.

—
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Account No.: Date Received 13 Oet. 10

0100335 - 25 - 6680 Sample i.d. #2A4 Merced 5.5 Wk Comp
Group: Ot 10 C MNo. 13 Sample |.d. No. 26 0100335
INTERPRETATION: Page one of three
Is Your Compost Stable?
Respiration Rate ind=aradati b
1.3 mg CO2-Cf  JH&+
g OMiday = Siable =< Moderately Siable  =[<  Unsiable 7<= High For Mulch

Biclogically Available Carbon [HAL Lptimum Llegradation hiats

1.6 mg CO2-CJ ++-t+t

g OMiday < Siable =< Moderately Stable  *[<  Tnsiable =[< High For Mulch

Is Your Compost Mature?

AmmonialiNitrateM ratio

230 Ratio R R e T T e e R R R
WeryMature=[< ature =< Immature
Ammonia N ppm
2800 mgkg I
dry wt. Weryhature=]= Mature = Immature
Mitrate N ppm
12 mgkg ++ e+
dry wt. < Trmmature >[< Wature
pH value
8.01 units I T T T T o s
< Tmmature =[< Wature =[< Immature
Cucumber Emergence
0.0 percent +
< Immature =< Mature

Is Your Compost Safe Regarding Health?

Fecal Coliform
< 1000 MPMN'g dry wt. [+++++++

= Cale >]= High Fecal Coliiomm
Salmonella
Less than 3 Mg dry wt. HEHHE
[5aTe [none oeieced] = High Salmoneia Count= 3 per ¥ grams] |
Metals U3 EPA BO3
Pass drywt ++-+t—tt
<Al Metals Fass =< Lne or more Metals Fail
D ; . Provid. ) 0 ic M. -
Mufrients (M+P205+K20)
5.4 Percent e
dry wt. =Low =[< Average zl‘-'t High Mutrient Content
Agindex (Nutrients / Sodium and Chloride Salts) (NP205 K200 [Ha + Ol
12 Ratic e e R R T e
a & CI  >[< Nuinent and Sodium and Chionde Provider =< MNuirient Provider
Plant Available Nitrogen (PAN) Estmated release for first season
13 Ibsiton e T e R EE R
wet wit. w Frovider =1=Hioh Nirogen Frowder |
C/M Ratio
10 Ratic +HEHHE R
Mn Release == M-Heutral == N-Demand=]= High Hizogen Demand
Soluble Available Nutrients & Salts [ECS wiw dw]
6.1 mmhosizm ++ottto bt HEotHEo ottt HEoE
dry wt. SloRelease>[< Average Muinient Helease Fate  »[<High Available Nuirients
Lime Content (Cal03)
20 Lbston e
dry wt. = Low =[< AvETage 1< High Lime Content [as CalC03)
What are the physical properties of your compost?
Percent Ash
T0.1 Percent | I s EE ey
dry wt. < High Organic Matter < Average B H?‘I Ash Content
Sieve Size % = 6.3 MM (025
7.9 Percent +Hetttettettetttettettetttottottottte ettt bbbt
dry wt. Al Jses =[< Size May Resinict Uses for Polting mix and Golf Courses
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Account No.: Date Received 13 Oet. 10

0100335 - 2/6 - 6680 Sample i.d. #24 Merced 8.5 Wk Comp
Group: Oct 10 C Mo. 13 Sample 1.d. No. 26 0100335
INTERPRETATIOM:
Is Your Compost Stable? Page twa of three
Respiration Rate

13 Low: Good for all uses myg C02-Clg OMday

The respiration rate is a measurement of the bicdegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moishure and
temperature conditions.
Biclogically Available Carbon

18 Low: Good for all uses myg CO2-Cig OM'day
Biologically Avalabde Carbon (BAC) is a measwement of the rate at which CO2 is released under optimized moisture, temperature,
porosity, nuitrients, pH and microbial conditions. If both the RR and the BAC test values are close o the same value, the pile is
optimized for composting. f both walues are high the compaost pile just nesds more time. i both values are low the compost has
stabilized and showld be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due o anasrobic conditions, lack of available nitrogen due to excessive ar converting ammaonia to the unavailable nitrate
form, [ack of nitrogen or other nuttents due to poor choice of feedstock, pH value out of range. or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateM ratio

230 immature
Composting to stablize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammaonia s in excess with the break-down of organic materials resulting
280d immature in an mcrease in pH. This combination results in a loss of volatile ammeonia (it smells). Once this boxic
Nitrate N ppm ammonia has been reduced and the pH drops, the microbes convert the ammonia to nirates. A low
12 immature ammonia + high nitrate score is indicative of a mature compost. however there are many exceptions.
pH value For example, a compost with a low pH {<T) will retain ammaonia, while a compost with high lime content
a.01 mature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before
curing indicators apply.
Cucumber Bioassay
0.0 Percent Cucumbers are chosen for this test because they are salt tolerant and wery sensitive to ammonia

and organic acid tocity. Therefore, we can germinate seeds in high concentrations of compost bo
measure phytotoxic efects without soluble salts being the limiting factor. Values above B0 for both percent emergence and
wigor are indicative of a well-cured compost  Exceptions nclude very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
wemiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

<1000 ! g dry wt. Fecal coliforms can survive in both aerobic and anaerchic conditions and is commen in all initial
compost piles. Most human pathogens occur from fecal matter and all fecal matter is loaded in fecal colifiorms. Therefore fecal
cofiforms are wsed as an indicator to determine i the chosen method for pathogen reducton (heat for compost) has met the
requirements of suficient temperature, ime and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wi it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliform can regrow during the caring phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan 3 3 /4gdrywt  Salmonella is not only another indicator organism but also a toxic microbe. it has been used in the
case of biosolids mdustry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals isted in the EPA 503 regulations are chosen to determine if compost
can be applied o ag land and handled without toxic efects. Most high concentrations of heavy metals are derived from
woodwaste feedstock such as chrome-arsenic treated or lead painted demaoliion wood. Biosolids are rarely a problemn.
Does Your Compost Prowvide Nutrients or Organic Mamer?
Nutrients (N+P205+K20)
54 High nutrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A swum greater than 5 is indicative of a compost with high nuiment content, and best used to supply
nutrients to a receving soil. A sum below 2 indicates low nutnent content, and is best-used to improve soil structure via the
addition of onganic matter. Most compost falls between 2 and 5.
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Account Mo.- Diate Received 13 0ct 10

0100335 - 2/6 - 6Aa0 Sample i.d. #2A Merced B.5 Wk Comp
Group: Oct 10 C Mo 13 Sample Ld. No. 26 0100335
INTERPRETATION: Papge three of three
Aglndex {Nutrients/Na+CI)
12 High nutrient ratio Composts with low Agindex values have high concentrations of sodium andlor chloride

compared to nutnients. Repeated use of a compost with a low Agindex (< 2) may result in sodium and/or chloride

acting as the limiting factor compared to nutrients, goveming application rates. These composts may be used on well-draining
soils andiior with salt-telerant plants. Additional nutrients form another source may be needed if the application rate is limited by
sodiem or chloride. If the Agindex is above 10, nufrients optimal for plant growth will be available without concem of sodum andior
chionde toxicity. Composts with an Aglndex of abowe 10 are good for mcreasing nutrient levels for all soils. Most composts score
between 2 and 10. Concentrations of nutrients, sodium, and chioride in the receiving soi should be considered when determining
compost application rates. The Agindex s a product of feedstock quality. Fesdstock from dairy manure, marine waste. industrial
wastes, and halophytic plants are likely to produce a finished compost with a low Agindex.

Plant Available Nitrogen {Ibsiton])

13 Average N Provider Plant Available Mitrogen (PAN) is calculated by estimating the release rate of Mitrogen from
the organic fraction of the compest. This estmate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compost, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compest. With ample nutrients these microbes can further breakdown organic
matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/M ratio is not considered in the PAM calculation
becawse additional Mitrogen should always be supplemented to the receiving soil when composts with a high C/M ratio are applied.
C/N Ratio

10 Indicates maturity As 3 guiding principal, a C/M ratio below 14 indicates maturity and abowe 14 indicates
immaturity, however, there are many exceptions. Large woodchips (=8.3mm), bark, and redwood are slow to breakdown and
therefore can result in a relatively stable product while the C/M ratio value s high. Additionally, some composts with chicken manure
and/or green grass feedstocks can start with a C/M ratio below 15 and are very unstable. A C/N ratio below 10 supplies Nitrogen,
while aratic abowe 20 can deplete Mitrogen from the sed. The rate at which Mitrogen will be released or used by the microbes is
indicated by the respiration rate (BAC). I the respiration rate is too high the ransfer of Nitrogen will not be controlable.

Soluble Nufrients & Salts (ECS wiw dw - mmhos/cm)

6.1 Average salts This walue refers to all soluble ions inchuding nutrients, sodium, chlorde and some
sofuble organic compounds. The concentration of salts will change due to the release of salts from the organic matter as it degrades,
volatilization of ammonia. decomposition of soluble organics, and conversion of molecular structure. High salts + high Aglndex is
indicative of a compost high i readily available nutrients. The application rate of these composts should be limited by the optimam
nutrient value based on sod analysis of the receiving soil. High Salts + low Aglindex is indicative of a compost low in nutrients with
high concentrations of sodium andior chloride. Limit the application rate according to the towcity level of thesodium andlor chlonde.
Low salts indicates that the compost can be applied without risking salt toxcity. is likely a good source of crganic matter, and that
nutrients will release slowly over ime.

Lime Content [lbs. per ton)

20 Average lime content Comgost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and me products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to raise the pH. Composts with a high lime content should be closely considered for pH requirements when formulating
potting mixes.

Physical Properties
Percent Ash

701 High ash content Ash is the non-organic fraction of a compost  Most composts contain approximately 50%
ash (dry weight basis). Compost can be high in ash content for many reasons incuding: excess minerilzation{old compaost).
contamination with soil base material during tuming. poor quality feedstock, and soil or mineral products added. Finding the sowrce
and reducing high ash content is often the fastest means to increasing nutrent quality of a compast.
Particle Size % = 6.3 MM {0_257)

78 May restrict use Large particles may restrict use for potting soils, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large partidles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight. volume and bulk density. These results are particulary relevent with decisions to screen
or mot. and if screening. which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
material or heavy mineral matenal. Removing large mineral material can greatty mmprove compost quality by increasing nument and
organic concentrations.

Appendix:
Estimated awailable nutrients for use when calculating application rates

Plant Awailable Nitrogen (FAN) calcudations: Ibsiton
PAMN = (¥ * (organic M)} + ((MH4-N) + (NO3-N})
K ovalue = I BAC < 2 then X =0.1 Plant Available Mitrogen (PAN) 12.6

FBAC =211 5 then X =102 Armmonia (MHE-M) 4.0

FBAC =5.11o0 10 then X=0.3 Nitrate (NO3-M) D.02

FBAC = 1D then X=04 Available Phosphones (F205"0.64) 32.0
MNote: i C/M ratio = 15 additional N should be applied. Available Potassium (K20 11.1
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ANALNTICAL CHEMISTS
Hiad
BACTERIOLOGIETS
Approred by Slabu of Callornia

SOIL CONTROL LAB

HF HANGAZ WA
WATEDIHVILLE

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001
Davis, CA 95616

Attn: Isabel Faria

TEL: 831-T24-5422
FAx: 831-T24-3188
www . composatiab.com

Account # 0100335-5/6-6680
Group: Oct.10 C #16
Reporting Date: October 27, 2010

Date Recsived: 13 Oct. 10

Sample ldentification: Merced 9.5 Wk

Sample ID #: 0100335 - 56

HNutrients Drywt. As Reovd. units Stability Indicator: Biologically
Total Mitregen: 21 1.6 S C 02 Evolution Respirometery Awvailable C
Ammonia (MHz-M): 3300 2600 mg'kg ||mg CO,-Cilg OMiday 27 35
Mitrate (NO-N): 23 1.8 mgikg ||mg CO,-Cig TSiday 12 15
Org. Nitrogen (Org-N): 1.8 1.4 % Stability Rating stable stable
Phosphorus (as PyO:): 35 27 %

Phosphorus (P): 15000 12000 magikg

Potassium (as K0 0.81 0.64 % Maturity Indicator: Cucumber Bioassay

Potassium (K): 6700 5300 magikg Compost-\Vermiculite(vov) 11 13
Calcium (Ca): 21 16 % Emergence (2) 0 100
Magnesium (Mg): 067 0.53 % Seedling Vigor (%) MA ]
Sulfate (50,-5) 1600 1300 maoikg Description of Plants stunted
Boron (Total B): 24 19 ma'kg

Moisture: ] 216 %

Sodium (Na): 0.16 0.13 % Pathogens Results Units Rating
Chioride (Cl): 033 028 % Fecal Coliform =20 MPHig pass
pH Value: M T.84 unit Salmonella =3 MPMi4g pass
Bulk Density : 33 42 Ibfeu fit Date Tested: 13 Oct. 10

Carbonates (CaC0,): 8.3 6.5 Ibfton

Conductivity (EC5): 6.7 MA mmhiosom

Organic Matter: 442 346 Yo Inerts % by weight

Crganic Carbon: 260 20.0 % Plastic <05

Aszh: 558 438 % Glass =<0.5

C/N Ratio 12 12 ratio Metal <05

Agindex =10 =10 ratio Sharps MWD

Metals Drywt. EPA Limit units Size & Volume Distribution

Alurninum (Al) 7300 - mag'kg ||MM % by weight % by volume BD glce
Arsenic (As): 24 41 mo/kg ||= 50 0.0 0.0 0.00
Cadmium {Cd): =1.0 39 mgkg ||25to 50 0.0 0.0 0.00
Chromium (Cr): 41 1200 mgkg |[|16t0 25 105 7T 0.71
Cobalt (Co) 31 - mgkg [|9.5to 16 8.5 14.0 0.31
Copper (Cu): 150 1500 mogkg ||B.3to95 BT 12.8 0.27
Iron {Fe): 23000 - mgkg ||4.0to6.3 4.5 6.4 0.36
Lead (Pb): 15 300 mgkg ||2.0to 4.0 36 49 0.38
Manganese (Mn): 200 - magikg =20 6E.2 543 0.63
Mercury (Hg): =10 17 magikg Bulk Density Description:<.25 Light Materials,
Molybdenum (Mo): 7.5 75 mag'kg |]|.35-.60 medium weight matenals, = 60 Heavy Matenals
Mickel (Mi): 20 420 magikg Analyst: Assaf Sadeh
Selenium (Se): 1.5 36 ma'kg B i

Zine (Zn): 390 2800 malkg ::ff-ff:z-' Ll

*Sample was received and handied in accordance with TMECC procedures.

—
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Account No.:

0100335 - 5/6 - G680
Group:
INTERPRETATION:

Is Your Compost Sfable?

Respiration Rate
2.7 mpg GO2-C/
g OM/iday

Biclogically Available Carbon [HAL Lptimum Llegradation hiats

3.5 mg CO2-Cf
g OM/iday

Is Your Compost Mature?

Oct.10 C Mo. 16

Date Received 13 Oct. 10
Sample i.d. Merced 9.5 Wk
Sample |.d. No. 56 0100335

Page one of three

W,

+HotHEs S

< Siable =< Moderately Stable  =[< Tinsiable =[< High For Mulch

HHotHESHETHES

< Siable =< Moderately Stable  *[<  Tnsiable =[< High For Mulch

AmmonialiNitrateM ratio
1400 Ratio

Ammonia N ppm
3360 mgkg
dry wt.
Mitrate N ppm
2.3 mgkg
dry wt.
pH value
T.84 units

Cucumber Emergence
0.0 percent

+He+ttettettotttettettetttottottotttettettotht ettt bbbt b bR+t

WeryMature=[< ature =< Immature
WeryMature=[< ature =< Immature

T

= Immature >[= Mature

I Ty

< Trmmature >[< Wature >[< Emmature
s
< Immature =< Mature

Is Your Compost Safe Regarding Health?

Fecal Coliform
< 1000 MPM'g dry wt.

Salmonella
Less than 3 Mg dry wt.

S EFA 603
dry wt.

Metals
Pass

s+t

= Cale >]= High Fecal Coliiomm

E
=537 Trone osiedEd]

= High Salmonela Lount = 3 per 3 grarms]

+Hs+Hts+t

<Al Metals Fass =< Lne or more Metals Fail

D four C Proyid . 0 i M -

Mutrients (N+P205+K20)
6.3 Percent
dry wt.

Agindex (Nutrients / Sodium and Chloride Salts)

13 Ratic

Plant Available Nitrogen (PAN)

17 Ibsiton
wel wt.
C/N Ratio
12 Ratic

Soluble Available Nutrients
6.7 mmhos/cm
dry wt.
Lime Content (Cal03)
8.3 Lbsiton
dry wt.

I B B e e e

<Low =[< Average zl‘-'t High Nutrient Content
{{MN+P205 +KED'| ] :NE + Clii
e e R ey

a & Tl =]= Muinent and Sodium and Chionde Provider == Nuinient Provider

Estmated release for first season

ot rr Pt P F Pttt ottt rr ot fot fot th T h ot f ot e T e T h T h ottt r ot
Prowider=]= L = Provider =[=High Rirogen Prowider

HHotHEo bR bR bR SRR HES

<M Felease  =[= W-Meutral = N-Demand=]=_High Nirogen Demand

E Salts !ECS el O]

R e

SloRelease>[< Average Muinient Helease Fate  »[<High Available Nuirients

T

< Low == Auerage >]= High Lime Content {as CalCl3)

What are the physical properties of your compost?

Percent Ash
33.8 Percent
dry wt.
Sieve Size % = 6.3 MM (025
23.T Percent
dry wt.

| s

< High Organic Matter < Average B H@Ashc-mmn

AllUses _

< Size May Resirict Uses Tor Pofiing mix and Goff Courses
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Account No.: Date Received 13 Oet. 10

0100335 - 5/6 - 6680 Sample i.d. Merced 9.5 Wk
Group: Oct 10 C Mo. 16 Sample 1.d. No. SiE 0100335
INTERPRETATIOM:
Is Your Compost Stable? Page twa of three
Respiration Rate

27 Low: Good for all uses myg C02-Clg OMday

The respiration rate is a measurement of the bicdegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moishure and
temperature conditions.
Biclogically Available Carbon

35 Low: Good for all uses myg CO2-Cig OM'day
Biologically Avalabde Carbon (BAC) is a measwement of the rate at which CO2 is released under optimized moisture, temperature,
porosity, nuitrients, pH and microbial conditions. If both the RR and the BAC test values are close o the same value, the pile is
optimized for composting. f both walues are high the compaost pile just nesds more time. i both values are low the compost has
stabilized and showld be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due o anasrobic conditions, lack of available nitrogen due to excessive ar converting ammaonia to the unavailable nitrate
form, [ack of nitrogen or other nuttents due to poor choice of feedstock, pH value out of range. or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateM ratio

1400 immature
Composting to stablize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammaonia s in excess with the break-down of organic materials resulting
3300 immature in an mcrease in pH. This combination results in a loss of volatile ammeonia (it smells). Once this boxic
Nitrate N ppm ammonia has been reduced and the pH drops, the microbes convert the ammonia to nirates. A low
23 immature ammonia + high nitrate score is indicative of a mature compost. however there are many exceptions.
pH value For example, a compost with a low pH {<T) will retain ammaonia, while a compost with high lime content
7.8 mature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before
curing indicators apply.
Cucumber Bioassay
0.0 Percent Cucumbers are chosen for this test because they are salt tolerant and wery sensitive to ammonia

and organic acid tocity. Therefore, we can germinate seeds in high concentrations of compost bo
measure phytotoxic efects without soluble salts being the limiting factor. Values above B0 for both percent emergence and
wigor are indicative of a well-cured compost  Exceptions nclude very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
wemiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

<1000 ! g dry wt. Fecal coliforms can survive in both aerobic and anaerchic conditions and is commen in all initial
compost piles. Most human pathogens occur from fecal matter and all fecal matter is loaded in fecal colifiorms. Therefore fecal
cofiforms are wsed as an indicator to determine i the chosen method for pathogen reducton (heat for compost) has met the
requirements of suficient temperature, ime and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wi it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliform can regrow during the caring phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan 3 3 /4gdrywt  Salmonella is not only another indicator organism but also a toxic microbe. it has been used in the
case of biosolids mdustry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals isted in the EPA 503 regulations are chosen to determine if compost
can be applied o ag land and handled without toxic efects. Most high concentrations of heavy metals are derived from
woodwaste feedstock such as chrome-arsenic treated or lead painted demaoliion wood. Biosolids are rarely a problemn.
Does Your Compost Prowvide Nutrients or Organic Mamer?
Nutrients (N+P205+K20)
6.3 High nutrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A swum greater than 5 is indicative of a compost with high nuiment content, and best used to supply
nutrients to a receving soil. A sum below 2 indicates low nutnent content, and is best-used to improve soil structure via the
addition of onganic matter. Most compost falls between 2 and 5.
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Account Mo.- Diate Received 13 0ct 10

0100335 - 5/6 - 6aa0 Sample i.d. Merced 8.5 Wk
Group: Oct 10 € Mo 18 Sample Ld. No. 56 0100335
INTERPRETATION: Papge three of three
Aglndex {Nutrients/Na+CI)
13 High nutrient ratio Composts with low Agindex values have high concentrations of sodium andlor chloride

compared to nutnients. Repeated use of a compost with a low Agindex (< 2) may result in sodium and/or chloride

acting as the limiting factor compared to nutrients, goveming application rates. These composts may be used on well-draining
soils andiior with salt-telerant plants. Additional nutrients form another source may be needed if the application rate is limited by
sodiem or chloride. If the Agindex is above 10, nufrients optimal for plant growth will be available without concem of sodum andior
chionde toxicity. Composts with an Aglndex of abowe 10 are good for mcreasing nutrient levels for all soils. Most composts score
between 2 and 10. Concentrations of nutrients, sodium, and chioride in the receiving soi should be considered when determining
compost application rates. The Agindex s a product of feedstock quality. Fesdstock from dairy manure, marine waste. industrial
wastes, and halophytic plants are likely to produce a finished compost with a low Agindex.

Plant Available Nitrogen {Ibsiton])

17 High N Provider Plant Available Mitrogen (PAN) is calculated by estimating the release rate of Mitrogen from
the organic fraction of the compest. This estmate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compost, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compest. With ample nutrients these microbes can further breakdown organic
matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/M ratio is not considered in the PAM calculation
becawse additional Mitrogen should always be supplemented to the receiving soil when composts with a high C/M ratio are applied.
C/N Ratio

12 Indicates maturity As 3 guiding principal, a C/M ratio below 14 indicates maturity and abowe 14 indicates
immaturity, however, there are many exceptions. Large woodchips (=8.3mm), bark, and redwood are slow to breakdown and
therefore can result in a relatively stable product while the C/M ratio value s high. Additionally, some composts with chicken manure
and/or green grass feedstocks can start with a C/M ratio below 15 and are very unstable. A C/N ratio below 10 supplies Nitrogen,
while aratic abowe 20 can deplete Mitrogen from the sed. The rate at which Mitrogen will be released or used by the microbes is
indicated by the respiration rate (BAC). I the respiration rate is too high the ransfer of Nitrogen will not be controlable.

Soluble Nufrients & Salts (ECS wiw dw - mmhos/cm)

6.7 Average salts This walue refers to all soluble ions inchuding nutrients, sodium, chlorde and some
sofuble organic compounds. The concentration of salts will change due to the release of salts from the organic matter as it degrades,
volatilization of ammonia. decomposition of soluble organics, and conversion of molecular structure. High salts + high Aglndex is
indicative of a compost high i readily available nutrients. The application rate of these composts should be limited by the optimam
nutrient value based on sod analysis of the receiving soil. High Salts + low Aglindex is indicative of a compost low in nutrients with
high concentrations of sodium andior chloride. Limit the application rate according to the towcity level of thesodium andlor chlonde.
Low salts indicates that the compost can be applied without risking salt toxcity. is likely a good source of crganic matter, and that
nutrients will release slowly over ime.

Lime Content [lbs. per ton)

B3 Average lime content Comgost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and me products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to raise the pH. Composts with a high lime content should be closely considered for pH requirements when formulating
potting mixes.

Physical Properties
Percent Ash

558 Average ash content Ash is the non-organic fraction of a compost  Most composts contain approximately 50%
ash (dry weight basis). Compost can be high in ash content for many reasons incuding: excess minerilzation{old compaost).
contamination with soil base material during tuming. poor quality feedstock, and soil or mineral products added. Finding the sowrce
and reducing high ash content is often the fastest means to increasing nutrent quality of a compast.
Particle Size % = 6.3 MM {0_257)

257 May restrict use Large particles may restrict use for potting soils, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large partidles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight. volume and bulk density. These results are particulary relevent with decisions to screen
or mot. and if screening. which size screen to use. The bulk density indicates if the fraction screened is made of light weight organic
material or heavy mineral matenal. Removing large mineral material can greatty mmprove compost quality by increasing nument and
organic concentrations.

Appendix:
Estimated awailable nutrients for use when calculating application rates

Plant Awailable Nitrogen (FAN) calcudations: Ibsiton
PAMN = (¥ * (organic M)} + ((MH4-N) + (NO3-N})
K ovalue = I BAC < 2 then X =0.1 Plant Available Mitrogen (PAN) 17.5

FBAC =211 5 then X =102 Armmonia (MHE-M) 5.0

FBAC =5.11o0 10 then X=0.3 Nitrate (NO3-M) D.0

FBAC = 1D then X=04 Available Phosphones (F205"0.64) e
MNote: i C/M ratio = 15 additional N should be applied. Available Potassium (K20 12.8
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ANALNTICAL CHEMISTS
Hiad
BACTERIOLOGIETS
Approred by Slabu of Callornia

SOIL CONTROL LAB

HF HANGAZ WA
WATEDIHVILLE

UC Davis- Civil & Environmental Engir.
One Shields Ave., Ghausi Hall, Room 2001

Davis, CA 95616
Attn: Isabel Faria

TEL: 831-T24-5422
FAx: 831-T24-3188
www . composatiab.com

Account # 0100335-6/6-6680
Group: Oct.10 C #17
Reporting Date: October 27, 2010

Date Recsived: 13 Oct. 10

Sample ldentification: #64A Merced Finish Comp”

Sample ID #: 0100335 - 6/6

HNutrients Drywt. As Reovd. units Stability Indicator: Biologically
Total Mitregen: 1.3 1.2 S C 02 Evolution Respirometery Awvailable C
Ammonia (MHz-M): 1800 1600 mg'kg ||mg CO,-Cilg OMiday 062 0.%0
Mitrate (NO-N): 44 K] mgkg ||mg CO,-Cig TSiday 0.19 0.27
Org. Nitrogen (Org-N): 1.1 0.97 % Stability Rating very stabls very stable
Phosphorus (as PyO:): 4.6 4.1 %

Phosphorus (P): 20000 18000 magikg

Potassium (as K0 072 0.63 % Maturity Indicator: Cucumber Bioassay

Potassium (K): 6000 5300 magikg Compost-\Vermiculite(vov) 11 13
Calcium (Ca): 29 26 % Emergence (2) 100 100
Magnesium (Mg): 1.0 0.89 % Seedling Vigor (%) 0 53
Sulfate (50,-5) 1900 1700 maoikg Description of Plants stunted stunted
Boron (Total B): 25 22 ma'kg

Moisture: ] 11.8 %

Sodium (Na): 0.16 0.14 % Pathogens Results Units Rating
Chioride (Cl): 0.3 027 % Fecal Coliform =20 MPHig pass
pH Value: M 712 unit Salmonella =3 MPMi4g pass
Bulk Density : 45 51 Ibfeu fit Date Tested: 13 Oct. 10

Carbonates (CaC0,): 21 18 Ibfton

Conductivity (EC5): 5.8 MA mmhiosom

Organic Matter: 304 26.8 Yo Inerts % by weight

Crrganic Carbon: 16.0 14.0 % Plastic =0.5

Ash: 696 61.4 % Glass =05

C/N Ratio 12 12 ratio Metal <05

Agindex =10 =10 ratio Sharps MWD

Metals Drywt. EPA Limit units Size & Volume Distribution

Alurninum (Al) 11000 - mag'kg ||MM % by weight % by volume BD glce
Arsenic (As): 36 41 mo/kg ||= 50 0.0 0.0 0.00
Cadmium {Cd): 1.3 39 mgkg ||25to 50 0.0 0.0 0.00
Chromium (Cr): 35 1200 mgkg |[|16t0 25 0.0 0.0 0.00
Cobalt (Co) 37 - mgkg [|9.5to 16 0.0 0.0 0.00
Copper (Cu): 180 1500 mogkg ||B.3to95 42 47 0.67
Iron {Fe): 28000 - mgkg ||4.0to6.3 14 26 0.40
Lead (Pb): Ky 300 mgkg ||2.0to 4.0 4.5 6.5 0.52
Manganese (Mn): 240 - magikg =20 899 BE.2 0.78
Mercury (Hg): 21 17 magikg Bulk Density Description:<.25 Light Materials,
Molybdenum (Mo): 7.0 75 mag'kg |]|.35-.60 medium weight matenals, = 60 Heavy Matenals
Mickel (Mi): 22 420 magikg Analyst: Assaf Sadeh
Selenium (Se): 20 36 ma'kg B i

Zinc {Zn): 480 2800 makyg ::ff-ff:z-' Ll

*Sample was received and handied in accordance with TMECC procedures.

—
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Account No.: Date Received 13 Oet. 10

0100335 - 6/ - 6680 Sample i.d. #6A Merced Finish Comp’
Group: Oet. 10 C No. 17 Sample |.d. No. BIE 0100335
INTERPRETATION: Page one of three
Is Your Compost Sfable?
Respiration Rate ind=aradati b
0.62 mg CO2-CJ +H
g OMiday = Siable =< Moderately Siable  =[<  Unsiable 7<= High For Mulch

Biclogically Available Carbon [HAL Lptimum Llegradation hiats

0.90 mg CO2-CJ ++=

g OMiday < Siable =< Moderately Stable  *[<  Tnsiable =[< High For Mulch

Is Your Compost Mature?

AmmonialiNitrateM ratio

41 Ratic I e e S B S S e e e
WeryMature=[< ature =< Immature
Ammonia N ppm
1800 mgkg I
dry wt. WeryMature=[< Mature = Immature
Mitrate N ppm
44 mgkg D S S o i i
dry wt. < Trmmature >[< Wature
pH value
T.12 units D
< Immature =[< Wature =[< Immature
Cucumber Emergence
100.0 percent e e B e e ]
< Immature == Mature

Is Your Compost Safe Regarding Health?

Fecal Coliform
< 1000 MPMN'g dry wt. [+++++++

= Cale >]= High Fecal Coliiomm
Salmonella
Less than 3 Mg dry wt. HEHHE
[5aTe [none oeieced] = High Salmoneia Count= 3 per ¥ grams] |
Metals U3 EPA BO3
Pass drywt ++-+t—tt
<Al Metals Fass =< Lne or more Metals Fail
D ; . Provid. ) 0 ic M. -
Mufrients (M+P205+K20)
6.6 Percent I e e
dry wt. =Low =[< Average zl‘-'t High Mutrient Content
Agindex (Nutrients / Sodium and Chloride Salts) (NP205 K200 [Ha + Ol
14 Ratic e e R E e e ey
a & CI  >[< Nuinent and Sodium and Chionde Provider =< MNuirient Provider
Plant Available Nitrogen (PAN) Estmated release for first season
11 Ibsiton e T e
wet wit. w Frovider =1=Hioh Nirogen Frowder |
C/M Ratio
12 Ratic +H e R R
Mn Release == M-Heutral == N-Demand=]= High Hizogen Demand
Soluble Available Nutrients & Salts [ECS wiw dw]
5.8 mmhosizm e e B ey
dry wt. SloRelease>[< Average Muinient Helease Fate  »[<High Available Nuirients
Lime Content (Cal03)
21 Lbston e
dry wt. = Low =[< AvETage 1< High Lime Content [as CalC03)
What are the physical properties of your compost?
Percent Ash
B9.6 Percent e B B e e ]
dry wt. < High Organic Matter < Average B H?‘I Ash Content
Sieve Size % = 6.3 MM (025
4.2 Percent +He+ttettettettet ettt bttt
dry wt. Al Jses =[< Size May Resinict Uses for Polting mix and Golf Courses
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Account No.: Date Received 13 Oet. 10

0100335 - 6/ - 6680 Sample id. #6A Merced Finish Comp’
Group: Oct. 10 C Mo. 17 Sample 1.d. No. GG 0100335
INTERPRETATION:
Is Your Compost Stable? Page twa of three
Respiration Rate

062 Low: Good for all uses myg C02-Clg OMday

The respiration rate is a measurement of the bicdegradation rate of the organic matter in the sample (as received).
The respiration rate is determined by measuring the rate at which CO2 is released under optimized moishure and
temperature conditions.
Biclogically Available Carbon

0.80 Low: Good for all uses myg CO2-Cig OM'day
Biologically Avalabde Carbon (BAC) is a measwement of the rate at which CO2 is released under optimized moisture, temperature,
porosity, nuitrients, pH and microbial conditions. If both the RR and the BAC test values are close o the same value, the pile is
optimized for composting. f both walues are high the compaost pile just nesds more time. i both values are low the compost has
stabilized and showld be moved to curing. BAC test values that are higher than RR indicate that the compost pile has stalled. This
could be due o anasrobic conditions, lack of available nitrogen due to excessive ar converting ammaonia to the unavailable nitrate
form, [ack of nitrogen or other nuttents due to poor choice of feedstock, pH value out of range. or microbes rendered non-active.
Is Your Compost Mature?
AmmoniaN:NitrateM ratio

41 immature
Composting to stablize carbon can occur at such a rapid rate that sometimes phytotoxins remain in
the compost and must be neutralized before using in high concentrations or in high-end uses. This
Ammonia N ppm step is called curing. Typically ammaonia s in excess with the break-down of organic materials resulting
1300 immature in an mcrease in pH. This combination results in a loss of volatile ammeonia (it smells). Once this boxic
Nitrate N ppm ammonia has been reduced and the pH drops, the microbes convert the ammonia to nirates. A low
4 immature ammonia + high nitrate score is indicative of a mature compost. however there are many exceptions.
pH value For example, a compost with a low pH {<T) will retain ammaonia, while a compost with high lime content
7.12 mature can lose ammonia before the organic fraction becomes stable. Composts must first be stable before
curing indicators apply.
Cucumber Bioassay
100.0 Percent Cucumbers are chosen for this test because they are salt tolerant and wery sensitive to ammonia

and organic acid tocity. Therefore, we can germinate seeds in high concentrations of compost bo
measure phytotoxic efects without soluble salts being the limiting factor. Values above B0 for both percent emergence and
wigor are indicative of a well-cured compost  Exceptions nclude very high salts that affect the cucumbers, excessive concentrations
of nitrates and other nutrients that will be in range when formulated to make a growing media. In addition to testing a 1:1 compost:
wemiculite blend, we also test a diluted 1:4 blend to indicate a more sensitive toxicity level.
Is Your Compost Safe Regarding Health?
Fecal Coliform

<1000 ! g dry wt. Fecal coliforms can survive in both aerobic and anaerchic conditions and is commen in all initial
compost piles. Most human pathogens occur from fecal matter and all fecal matter is loaded in fecal colifiorms. Therefore fecal
cofiforms are wsed as an indicator to determine i the chosen method for pathogen reducton (heat for compost) has met the
requirements of suficient temperature, ime and mixing. If the fecal coliforms are reduced to below 1000 per gram dry wi it is
assumed all others pathogens are eliminated. Potential problems are that fecal coliform can regrow during the caring phase or
during shipping. This is because the conditions are now more favorable for growth than during the composting process.
Salmonella Bacteria
Lessthan 3 3 /4gdrywt  Salmonella is not only another indicator organism but also a toxic microbe. it has been used in the
case of biosolids mdustry to determine adequate pathogen reduction.
Metals
Pass The ten heavy metals isted in the EPA 503 regulations are chosen to determine if compost
can be applied o ag land and handled without toxic efects. Most high concentrations of heavy metals are derived from
woodwaste feedstock such as chrome-arsenic treated or lead painted demaoliion wood. Biosolids are rarely a problemn.
Does Your Compost Prowvide Nutrients or Organic Mamer?
Nutrients (N+P205+K20)
6.8 High nutrient content

This value is the sum of the primary nutrients Nitrogen, Phosphorus and Potassium. Reported units are consistent with those
found on fertilizer formulations. A swum greater than 5 is indicative of a compost with high nuiment content, and best used to supply
nutrients to a receving soil. A sum below 2 indicates low nutnent content, and is best-used to improve soil structure via the
addition of onganic matter. Most compost falls between 2 and 5.
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Account Mo.- Diate Feceived 13 0ct 10

0100335 - 8/ - 6430 Sample id. #3A Merced Finish Comg’
Group: Ot 10 C Mo 17 Sample 1.d. Mo B/6 0100335
INTERPRETATIOM: Papge three of three
Agindex {Nutrients/Na+CI)
14 High nutrient ratio Composts with low Aglndex values have high concentrations of sodium andlor chloride

compared to nutnients. Repeated use of a compost with a low Agindex (< 2) may result in sodium and/or chloride

acting as the limiting factor compared to nutrients, govemning application rates. These composts may be used on well-draming
soils andiior with salt-tolerant plants. Additional nutrients form another source may be needed if the application rate is limited by
sodiem or chloride. If the Agindex is above 10, mufrients optimal for plant growth will be available without concem of sodum andior
chionide toxicity. Composts with an Agindex of abowe 10 are good for mereasing nutrient levels for all soils. Most composts score
between 2 and 10. Concentrations of nutrients, sodium, and chioride in the receiving soi should be considered when determining
compost application rates. The Agindex is a product of feedstock quality. Feedstock from dairy manure, marine waste, industrial
wastes, and halophytic plants are likely to produce a finished compost with a low Agindex.

Plant Available Nitrogen (Ibsiton])

11 Average N Provider Plant Available Mitrogen (PAN) is calculated by estimating the release rate of Mitrogen from
the organic fraction of the compost. This estimate is based on information gathered from the BAC test and measured ammonia and
nitrate values. Despite the PAN value of the compost, additional sources of Nitrogen may be needed during he growing season to off-
set the Nitrogen demand of the microbes present in the compest. With ample nutrients these microbes can further breakdown organic
matter in the compost and release bound Nitrogen. Nitrogen demand based on a high C/M ratio is not considered in the PAN calculation
because additional Mitrogen should always be supplemented to the recewing soil when composts with a high C/N ratio ane applied.
CI/N Ratio

12 Indicates maturity As 3 guiding principal, a C/M ratio below 14 indicates maturity and abowe 14 indicates
immaiurity, however, there are many exceptions. Large woodchips (>8.3mm), bark, and redwood are slow to breakdown and
therefore can result in a relatively stable product while the C/M ratio value is high. Additionally, some composts with chicken manure
andfor green grass feedstocks can start with a C/M ratio below 15 and are very unstable. A C/N ratio below 10 supples Mitrogen,
while aratic abowe 20 can deplete Mitrogen from the sod. The rate at which Mitrogen will be released or wsed by the microbes is
indicated by the respiration rate (BAC). I the respiration rate is too high the transfer of Nitrogen will not be controlable.

Soluble Nufrients & Salts (ECS wiw dw - mmhos/cm)

58 Average salts This walue refers to all soluble ions inchuding nutrients, sedium, chlorde and some
sofuble organic compounds. The concentration of salts will change due to the release of salts from the organic matter as it degrades,
volatilization of ammonia. decomposition of soluble organics, and conversion of molecular structure. High salts + high Aglndex is
indicative of a compost high i readily available nutrients. The application rate of these composts should ke limited by the optimum
nutrient value based on sod analysis of the receiving soil. High Salts + low Aglndex is indicative of a compost low in nuirients with
high concentrations of sodium anddor chloride. Limit the application rate according to the towcity level of thesodium andior chlonde.
Low salts indicates that the compost can be applied without risking salt toucity, is likely a good source of crganic matter, and that
nutrients will release slowly over ime.

Lime Content [lbs. per ton)

2 High lime content Compost high in lime or carbonates are often those produced from chicken manure (layers)
ash materials, and me products. These are excellent products to use on a receiving soil where lime has been recommended by
soil analysis to rase the pH. Composts with a high lime content should be closely considered for pH requirements when formulating
potting mixes.

Physical Properties
Percent Ash

ga6 High ash content Ash is the non-organic fraction of a compost  Most composts contain approximately 50%
ash (dry weight basis). Compost can be high in ash content for many reasons incuding: excess minerilzation{old compaost).
contamination with soil base material during twming. poor quality feedstock, and soil or mineral products added. Finding the sowce
and reducing high ash content is often the fastest means to increasing nutrient quality of a compost.
Particle Size % = 6.3 MM {0_25")

4.2 May restrict use Large particles may restrict use for potting soils, golf course topdressings, seed-starter
mixes, and where a fine size distribution is required. Composts with large particles can still be used as excellent additions to field
soils, shrub mixes and mulches.

Particle Size Distribution

Each size fraction is measured by weight. volume and bulk density. These results are particularly relevent with decisions to screen
or mot. and if screening. which size screen to use. The bulk density indicates if the fraction screened is made of light weight crganic
material or heavy mineral matenal. Removing large mineral material can greatty improve compost quality by increasing nument and
organic concentratons.

Appendix:
Estimated awailable nutrients for use when calculating application rates

Plant Available Nirogen (PAN) calcuations: Ibsiton
PAM = (X * {onganic M) £ ((MH4-M) + (NO3-N}|
¥ value = BAC < 2then X =0.1 Plant Available Mitrogen (PAM) 10.8

FBAC =211 5 then X=10.2 Ammonia (MHE-N) 3.20

FBAC =511t 10 then X=0.3 Mitrate (MO3-M) D.08

FBAC = 10then X =04 Available Phosphones (P205"0.64) h24
MNote: iF C/N ratio = 15 additional N should be applied. Available Potassium (K20 12.8
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