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Executive Summary

Compost is often used in raingardens, roadsides, and bioretention systems, not only
because of its beneficial properties on soil quality, but also because compost improves
water infiltration and retains stormwater contaminants. However, when compost
is freshly applied, materials from compost can leach out when rain or stormwater
seep through compost or compost-amended bioretention media. The goal of this
research project was to experimentally evaluate and characterize leachates from
compost. We quantified and characterized the leachate composition of compost
following intermittent, simulated storm events. We used municipal compost of
different ages and different source materials. Compost was filled into columns and
then irrigated with deionized water and stormwater. Stormwater was spiked with
copper to increase copper concentrations. Six-month, 24-hour rain storms were applied
every two weeks for a total of up to 18 rain storms. Outflow was analyzed for pH,
electrical conductivity (EC), particulate concentration, surface tension, dissolved
organic carbon (DOC), nitrogen, phosphorus, and copper. Particulate and dissolved
organic matter was further characterized for molecular structure by Nuclear Magnetic
Resonance (NMR) and Fourier-Transformed Infrared (FTIR) Spectroscopy. Our
results showed that concentrations of dissolved and particulate organic carbon and
electrical conductivity in the leachate where high at the onset of each storm, but
decreased as the storm progressed. However, each new storm released another peak
of constituents. Leaching from mature compost was less a function of age and
type, but more a function of number and frequency of storms and leaching history.
Concentrations of nitrogen, phosphorus, and copper were high in the initial few storms,
and then decreased. Only a small fraction (3%) of the copper present in the compost
leached out, but nonetheless, the copper concentrations in the leachate remained

above the regulatory waste discharge standards. NMR and FTIR analyses revealed



that dissolved organic carbon consisted mainly of aliphatic and aromatic components
typical of fulvic and humic acids. Our results show that municipal compost can serve
as a sustained source of leaching of nutrients and metals, regardless of compost age
and source. However, the copper concentrations observed in our experiment are likely
not toxic due to the presence of elevated DOC, as DOC readily forms complexes
with dissolved copper thereby reducing its toxicity to aquatic organisms. The DOC
plays a dual role in terms of copper fate and transport: DOC can enhance leaching
of copper by forming aqueous complexes, but at the same time, reduces toxicity of

copper because copper-DOC complexes are less bioavailable.



1 Introduction

1.1 Background

Compost is used as amendment to improve soil fertility, soil structure, and soil water
holding capacity. In general, compost helps to improve soil quality and is beneficial for
establishing plant growth in re-vegetation sites. Compost is often used in raingardens
and is a recommended amendment in other bioretention systems, not only because of its
beneficial properties on soil quality, but also because compost improves water infiltration
and can retain stormwater contaminants, namely heavy metals. However, when compost is
freshly applied to bioretention systems, materials from compost can leach out when rain or
stormwater seep through compost or compost-amended bioretention media.

[Note: The term ‘‘leachate’ here refers to the material flowing out from mature compost
applied as an amendment to soil or bioretention systems following exposure to rain or
stormwater. This has to be distinguished from the leachate coming out from compost piles
during the composting process itself.|

The initial leachate through freshly applied compost is often yellow-brown in color.
This coloration of the leachate indicates that dissolved, and possibly also particulate, organic
matter is leached from the compost. In one of the few studies where leachate from compost
was studied as a function of outflow volume, Christensen and coworkers have reported
that considerable amounts of nutrients, including nitrate, potassium, iron, as well as heavy
metals were observed in compost leachate [Christensen, 1983; Christensen, 1984; Christensen
and Tjell, 1984a]. In these studies it was also reported that there is an initial flush of
nutrients and heavy metals, and that the concentrations in the leachate decrease over time.

Some of the nutrients and heavy metals are leached in association with organic matter.

Compost leachate, at least initially, contains substantial amounts of dissolved and particulate



organic matter [Said-Pullicino et al., 2007]. It is this material that renders the leachate
yellow-brown. The molecular characteristics of dissolved organic matter allow for chemical
complexation of certain metals, particularly heavy metals [Kaschl et al., 2002; Bolea et al.,
2006]. This complexation leads to enhanced solubility and decreased sorption of these
metals, thereby facilitating the leaching.

Dissolved organic matter leaching from compost is, in general, similar to dissolved
organic matter from soils, and its molecular structure is derived from degradation of
macromolecular substances, like cellulose, lignin, and proteins. Dissolved organic matter
often has ambiphilic characteristics, meaning the molecules have both hydrophilic and
hydrophobic parts [Kleber and Johnson, 2010]. This characteristic allows the molecule to
interact both with hydrophilic and hydrophobic constituents. An important consequence
of this is that dissolved organic matter can bind hydrophobic contaminants, and thereby
make these contaminants more mobile and enhance their apparent solubility. Hydrophobic
contaminants, for instance polyaromatic hydrocarbons, can thereby become more mobile
and potentially leach in association with dissolved organic matter.

Concerns about compost leachate arise when the leachate flows into sensitive environ-
ments, such as surface and groundwaters. Such conditions can occur when compost is used
as an amendment to bioretention systems, where the outflow is conducted to surface waters,
or when compost is applied as soil amendment along roadsides. To alleviate environmental
hazards due to compost applications, we need to better understand what exactly leaches
out from compost, what the quantities and concentrations of the leachate constituents are,

and for how long after compost applications the leachates may be of concern.



1.2 Objectives

The overall goal of this research project was to experimentally evaluate and characterize

leachates from compost. The specific objectives of this study were to:

1. Characterize the nature of compost leachate

2. Quantify loads and concentrations of selected constituents
3. Quantify the dynamics of the leaching process

4. Determine whether age can serve as indicator of leaching

5. Determine whether contaminants in the stormwater are retained or can be leached

with compost leachate



2 Review of Previous Work

In a previous project, we have conducted a thorough literature review of compost leachate
and its characteristics [Chatterjee et al., 2013]. We summarized the biochemical processes
occurring during composting, and the use and applications of compost in the environment.
We then reviewed the chemical and physical characteristics of feedstock, compost, and
compost leachate, and discussed environmental implications of the compost leachate.

The review showed that the compost source material, i.e., the feedstock, determines
to a large degree the types of leachates. Compost leachate usually contains large amounts
of dissolved organic matter. Together with the leaching of organic matter, there is evi-
dence for leaching of various nutrients and contaminants present in the original feedstock.
Contaminants can leach by direct dissolution out of the compost. Contaminants can also
leach with the help of dissolved and particulate organic matter, both of which have a high
sorption affinity for inorganic and organic constituents, and which can enhance contaminant
leaching via the mechanism of colloid-facilitated transport. Organic matter, nutrient, and
contaminant concentrations are highest in the initial leachate, and the concentrations
decrease considerably with increasing amount of rain or runoff water leaching through the
compost. More details can be found in Chatterjee et al. [2013].

Based on this previous project, we identified the need for comprehensive studies to
experimentally quantify and characterize compost leachates as related to typical stormwater
applications. Particularly, there is need to study leaching from compost during sequential
storm events, with drying events between storms. We hypothesized that each new storm

triggers a new flush of constituents leached from compost.



3 Research Approach/Procedures

3.1 Experimental Tests

The objectives of the project were addressed with a series of compost leaching experiments.

We conducted two sets of leaching experiments:
1. Leaching experiments with two composts of different age

2. Leaching experiments with two composts of different type

3.2 Compost Material and Characterization

We obtained compost samples from local composting facilities in July 2013 and April 2014.
For the experiments testing the effect of compost age, we obtained 6- and 24-month old
compost from the Cedar Grove composting facility in Everett, WA. This compost was made
from a feedstock consisting of 80% yard waste and 20% food waste (by volume). For the
experiments testing the effect of compost type, we obtained compost from Royal Organic
Products in Grant County, WA, and from Silver Springs Organics in Thurston County,
WA. The compost from Royal Organic contained 96% yard waste and 4% food waste, the
compost from Silver Springs contained 99% yard waste and 1% food waste.

The composts as received were air-dried and stored until use in five-gallon plastic
buckets (covered with a 5-mm mesh to allow air circulation) in a greenhouse (16 to 20°C).
Triplicate samples of the composts were sent to Soiltest Farm Consultants, Inc (Moses
Lake, WA) for characterization. Compost material was characterized for pH, electrical
conductivity, various nutrients, heavy metals, and C/N ratio following the protocols of the
Test Methods for the Examination of Composting and Compost (TMECC). Nutrient and

metal contents are important chemical parameters of a compost, and electrical conductivity



reflects the overall salt content. Electrical conductivity also is a measure of ionic strength,
an important parameter that affects speciation of chemical in aqueous solution. A Solvita
Compost Emissions Test [Woods End Laboratories, 2014] was performed on all composts to
determine maturity. The Test Methods for the Examination of Composting and Compost
(TMECC) have been established by the US Compost Council to provide a standardized
characterization of compost properties. The methods have been modeled after the American
Society for Testing and Materials (ASTM), and they provide a benchmark for compost
analysis to enable comparison of analytical results. The methods help regulatory agencies to
establish criteria for the safe use of compost. The Washington State Legislative Code WAC
173-350-220, for instance, specifies that compost facilities in Washington State must test
their compost for a variety of metals and other parameters according to the Test Methods
for the Examination of Composting and Compost (TMECC), and the WAC 173-350-220
lists criteria for these parameters.

The chemical structure of the composts prior to leaching was characterized with solid-
state 3C-NMR spectroscopy and ATR-FTIR (Attenuated Total Reflectance-FTIR). For
NMR analysis, paramagnetic material in the compost samples was removed following a
modified method of Skjemstad et al. [1994]. For ATR-FTIR analysis, compost samples were
dried and ground. Sixty scans per sample were acquired using a Shimadzu IR-Prestige 21
analyzer (Columbia, MD) complemented with an ATR unit (PIKE Technologies, Madison,
WI). The band assignments and interpretations of the spectra are based on literature reports:
Huang et al. [2006], Zmora-Nahum et al. [2007], Carballo et al. [2008], Smidt et al. [2011],
Wang et al. [2013], Fels et al. [2014], Ouaqoudi et al. [2014], Higashikawa et al. [2014], and

Provenzano et al. [2014].



3.3 Experimental Setup
3.3.1 Experimental Setup with two Composts of Different Age

A total of six PVC columns (64 cm height, 10.2 cm diameter) were loosely packed with
compost to a height of 25 cm. The compost used for these experiments was from Cedar
Grove. The bottom of the columns was made of a perforated end-cap, consisting of a plate
with 150 3-mm diameter holes. This end-cap held the compost in place, but did not restrict
outflow. Three columns were packed with 6-month old compost, and three were packed
with 24-month old compost. In these set of experiments, we only used compost as material
inside the columns to test what the leachate will be from compost itself. When applied to
the environment, compost is often mixed with soil and sand when, and in that case leachate
from compost will interact with mineral particles from soil and sand. This will likely reduce
the amount of material leached from compost; however, it is important to know what
potentially can leach from compost itself. In the second set of experiments described below,
we mixed compost with sand to create a typical mixture used in bioretention systems.
The columns were placed in wooden stands and set up in a greenhouse. A plastic
funnel was used at the bottom to collect outflow into 1-L glass beakers. Each column was
equipped with a custom-built sprinkler head, 5.7 cm in diameter, made of twelve 22-gauge
syringe needles. The sprinkler heads were connected with Tygon tubing to Mariotte bottles
made of 25-L. Nalgene carboys. Deionized water, with a pH of around 6, was chosen as the
irrigation solution as its low ionic strength represents a worst-case scenario for leaching.

Figure 1 illustrates compost sampling and the experimental setup.



Figure 1: Photos of experiment components. a: compost material collection; b:
experimental column setup; c: close-up of 6-month compost; and d: close-up of

24-month compost.

3.3.2 Experimental Setup with two Composts of Different Type

For these sets of experiments, compost (Royal Organic and Silver Spring) was mixed
with sand at a 40:60 compost-sand volume ratio. This volume ratio of sand-to-compost is

recommended for raingardens and bioretention soil media in Western Washington:

e Raingarden Handbook for Western Washington, available at:

https://fortress.wa.gov/ecy/publications/documents/1310027.pdf

e Low Impact Development, Technical Guidance Manual for Puget Sound, available at:

http://www.psp.wa.gov/LID_manual.php
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The compost-sand mix was then filled into six columns (i.d. 5.1 cm and length 25 ¢cm) in
5-cm increments to a total height of 15 cm. The composts, sand, and compost-sand mix are

shown in Figure 2.

Figure 2: Bioretention soil miz used in the experiment. (A) Silver Springs
compost; (B) Royal Classics compost; (C) coarse sand; (D) bioretention miz after

mizing compost with sand at a 40:60 volume ratio (Silver Springs compost).

The remaining setup was the same as described in Section 3.3.1, except that we used a
peristaltic pump to apply the irrigation, and that we used real stormwater collected at the
WSU Puyallup Research and Extension Station as irrigation solution (Table 1).

Because the stormwater contained little copper, we spiked the stormwater with copper
to reach copper concentrations of 17--70 ug/L to “‘pollute” the stormwater. Our target
copper concentration in the stormwater was 50 pug/L, but when we measured the actual
concentrations in the stormwater coming out of the sprinkler heads, the concentrations were

initially always lower than 50 pg/L, so we increased the concentrations in later storms.
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Table 1: Chemical constituents of the stormwater used in the experiments.

Constituent Concentration/Valuef
pH 6.8 £+ 0.05
Electrical conductivity (dS m™1) 0.02 £ 0.003
Dissolved organic carbon (mg L™!) 29+ 0.5
Total Kjeldahl N (mg L) 22+ 13
Nitrate 4+ Nitrite (mg L) 0.10 £ 0.02
Total phosphorus (mg L) < 0.01*
Ortho-phosphorus (mg L) < 0.01*
Total copper (mg L) 0.04 + 0.02
Dissolved copper (mg L) 0.03 £+ 0.01
Total calcium (mg L) 2238 + 404
Total magnesium (mg L) 135 4 30
Total zinc (mg L™')* 179 + 91

"Values represent mean + standard deviation (n = 14)

'Below detection limits of 0.01 mg/L
3.4 Column Leaching Experiments

The irrigation rate for our compost columns was designed to simulate storm events passing
through a bioretention cell. For that purpose, we chose our irrigation rates based on
a 6-month, 24-hour storm for the Seattle-Tacoma region of Washington State, which
corresponds to a rainfall of 33.5 mm/day [Washington State Department of Ecology, 2012].
The drainage to bioretention cell surface area was taken as 10:1, and we considered that

a fraction of 0.81 of the runoff is collected by the bioretention system. Such drainage

12



parameters are typical for bioretention and raingarden designs in this region [Hinman,
2013]. The storms were applied within a 4-hour time period. Leachate was collected into
1-L beakers at the base of each column every hour during the storm event. A storm was
simulated every two weeks, so that the compost column could drain and air-dry between
storm events. In total, we simulated 18 individual, successive storms for the experiments
with different compost ages, and 7 individual, successive storms for the experiments with

different compost types.

3.5 Leachate Characterization

The pH of each leachate sample was measured immediately following collection. The samples
were then transferred to a 1-L graduated cylinder to determine the volume, and stored in
Nalgene bottles in the dark at 4°C prior to analysis. Each sample was further analyzed for
electrical conductivity, particulate matter, UV-vis absorbance, dissolved organic carbon, and
surface tension. Electrical conductivity is measure of salts leached from the compost, and is
a surrogate for easily leached chemicals. Electrical conductivity can serve as a conservative
indicator of how fast material can leach. Particulate matter that is leaching from compost
can carry contaminants (like metals or organic pollutants) and it is important to know
how much particulate material leaches out in relation to the dissolved organic carbon
fraction. We determined a calibration curve between UV-vis absorption and dissolved
organic carbon. This calibration curve was then used to determine dissolved organic carbon
from UV-vis absorption. Further, specific absorbance bands in the UV-vis spectra can be
used to characterize the chemical nature of the dissolved organic carbon. Surface tension
was measured because we expected that dissolved organic carbon will reduce the surface
tension. In that case, dissolved organic carbon would accumulate at the air-water interface,

and therefore leach more during infiltration and rainfall events when air-water interface are

13



present and moving though the compost.

Particulate concentrations were measured using sequential vacuum filtration through
11, 1, and 0.45 pm pore filters (Whatman 1, Millipore Glass Fibre without binders, Millipore
Mixed Cellulose Ester Membrane Filter, respectively; all filters from Fisher Scientific). Prior
to filtration, all filters were dried at 105°C for 24 hours, then cooled in a desiccator, and
weighed using an analytical balance. After filtration, the filters were transferred back to
the oven to dry for 24 hours at 105°C, cooled in a desiccator, and measured gravimetrically.
The particulate concentrations were then determined by dividing the mass difference by
the volume of solution filtered.

We measured dissolved organic carbon (DOC) via spectrophotometric absorbance at
a wavelength of 465 nm [Zmora-Nahum et al., 2005]. A calibration curve was developed
by plotting absorbance at 465 nm against the total organic carbon (TOC) for a series of
0.45 pm-filtered dilutions from the column leachate for each compost treatment. These
calibration standards were analyzed for TOC using a TOC analyzer (TOC-V gy, Shimadzu,
Tokyo, Japan). Surface tension of the filtered leachate samples was measured using the
Wilhelmy plate method at 20°C' (Processor Tensiometer K100, Kriiss, Hamburg, Germany).
Nanopure water water was used to verify surface tension measurements.

Selected storms were analyzed for nitrogen, phosphorus, and copper. For each storm a
total of six composite samples (one per column) were made. The composite samples were
made on an outflow volume basis for each hourly outflow-increment. Grab samples were
collected at the base of each column after each hour of the storm, and a 20% outflow volume
aliquot from each of these replicate samples was pipetted into the associated acid-washed
amber glass bottles. Samples were kept at 4°C using ice for the duration of the experiment
and during transport to the contracting laboratory. The samples and the necessary chain of

custody documents were delivered to the laboratory immediately following the completion

14



of the storm.

Analytical methods for the composite samples are summarized in Table 2. Analytical
Resources, Inc. (ARI) in Tukwila, WA, and Spectra Laboratories in Tacoma, WA, were the
contracting laboratories. ARI was used for the experiments with deionized water, Spectra
was used for the experiments involving stormwater. ARI and Spectra are certified by the
Washington State Department of Ecology. The samples were analyzed for total Kjeldahl
nitrogen (EPA 351.2), nitrate and nitrite (EPA 353.2), total and ortho-phosphorus (EPA
365.2), and total and dissolved copper (EPA 200.8). In EPA 200.8, total and dissolved
concentrations are differentiated by filtration through a 0.45 pm filter. The laboratory
provided reports containing sample and quality control data as well as a summary of
problems encountered during the analytical process. These reports are included in the

appendix.
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Table 2: Analytical methods used for chemical analyses.

Analyte Method Holding  Preservation® Reporting Limit/ Units
Number?® Time® Resolution

Total Kjeldahl EPA 351.2 28 days Cool to 4°C; 1.0 mg/L

nitrogen HySO4 to pH<?2

Nitrate + nitrite EPA 353.2 2 days  Cool to 4°C; 0.200 mg/L

nitrogen H,>SO,4 to pH<2

Total phosphorus EPA 365.2 28 days  Cool to 4°C; 0.080 mg /L
H>SO, to pH<2

Ortho- EPA 365.2 2 days  Cool to 4°C; 0.040 mg/L

phosphorus filter through
0.45 pm

Copper, total EPA 200.8 6 months Cool to 4°C; 0.5 ug/L
HNOj3 to pH<2

Copper, dissolved EPA 200.8 6 months Cool to 4°C; 0.5 pg/L

filter through
0.45 pm;

HNO; to pH<?2

¢ EPA method numbers are from US EPA (1971, 1993, and 1994).

b Holding time specified in EPA methods.

¢ Sample filtration and/or preservation will occur within 24 hours of sample collection.
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Field and laboratory quality control procedures were employed for the nitrogen, phos-
phorus, and copper analyses. Field blanks were collected for the first four storm events. One
field blank per storm was collected from the deionized water carboys into the acid-washed
bottles used for samples. ARI and Spectra performed laboratory control spikes and method
blank analyses for each analyte for each set of samples. ARI and Spectra staff reviewed
the analytical results for errors and ensured that method and quality assurance procedures
were followed. The laboratory review was included in the analytical report.

We analyzed selected leachate samples with liquid-state 'H-NMR (Nuclear Magnetic
Resonance) and ATR-FTIR (Attenuated Total Reflectance-Fourier Transform Infrared
Spectroscopy). 'H-NMR spectra were acquired with 0.1 N NaOD in D50 at 399.764 MHz
and 303 K (Varian 400 MR equipped with a Varian One-NMR multi-tunable probe) at the
WSU NMR center. In addition to the compost leachate, a 100 mg/L humic acid standard
(1S102H, International Humic Substances Society) was used for comparison. The NMR
capillary contained 550 pul sample with an insert treated with trimethylsilyl propanoic acid
(TMSP, 2 mg/mL). The spectra were acquired using a spinning speed of 6 kHz, a saturation
frequency of -191.6 Hz, a relaxation delay of 2.5s, and a saturation delay of 2.2s. The spectra
were analyzed using Varian VnmrJ 3.2A software, and peak assignments and interpretations

are based on Sparks [1999] and Genest et al. [2014].

3.6 Chemical Speciation Modeling

Visual MINTEQ), version 3.1 [Gustafsson, 2010], was used to determine the speciation of
copper and to quantify interactions of copper with DOC. We used measured and estimated
ionic compositions of the outflow samples as inputs for the Visual MINTEQ modeling.
Measured input parameters were pH, NO3, PO}, dissolved Cu, DOC, and estimated

parameters were major cations and anions (from measured concentrations in the stormwater
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inflow). The stormwater used for these MINTEQ simulations was the stormwater spiked
with Cu to a total Cu concentration of 28 ug/L. The partial pressure of carbon dioxide was
fixed at 2 x 0.0032 atm. We used the Stockholm Humic Model (SHM) [Gustaffson, 2001] to
model the interaction of copper with DOC. This model employs the basic Stern Model as
the interface model. We simulated the effects of DOC concentrations and pH on copper
speciation and copper-DOC complexes. The pH (at constant DOC concentrations) was
varied from pH 6 to 8, and DOC concentrations were varied (at constant pH) from 0.01 to

1500 mg/L. Model outputs were the activities (concentrations) of different copper species.

3.7 Statistical Analysis

Statistical analysis was performed using the three replicates from each treatment. Analysis
of variance was carried out to determine significant differences in compost characteristics

between the treatments both before and after leaching (p < 0.05) [R Core Team, 2013].
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4 Findings/Discussion

4.1 Compost Characteristics

The results of the compost characterization are listed in Tables 3 and 4. Comparison between
the before-leaching and after-leaching values revealed statistically significant differences in
pH, EC, potassium, sodium, and boron. There was a noticeable reduction in EC, potassium,
sodium, and boron following the leaching experiment. These reductions were consistent
with our expectations, as monovalent alkali metals, potassium and sodium, are readily
exchanged with protons during leaching. The results of the Solvita Compost Emissions Test
revealed that the composts were mature. Fach compost scored a 5 and a 6 on the ammonia
and the carbon dioxide emissions indices, respectively. These two numbers correspond to

the mature stage of the composting process [Woods End Laboratories, 2014).
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Table 3: Chemical characteristics of the 6- and 24-month old Cedar Grove

compost at the beginning and the end of the leaching experiments.

Compost Age

_6-Month Old Compost_

24-Month Old Compost.

Parameter Units Initial Final Initial Final
pH 6.7£0%A 6.6+£0.1%  6.4+0.1»*  6.840.18
Electrical Conductivity — dS/m  2.754+0.26%  0.26+0.06% 2.840.73%  0.2640.05"
Organic Matter g/kg 406454 381420 400£17 405430
Organic Carbon (C) g/kg 205+38 191427 206+10 213+21
Total Nitrogen (N) g/kg 1442 13£1 15.640.3 15+1
Total Iron (Fe) g/kg 16£1.7 15.6 £1.1 17+1.1 18+ 1.7
Total Phosphorus (P) g/kg 2.91+0.6 2.5+0.3 2.740.1 2.7+04
Total Potassium (K) g/kg 7.340.94 1.440.28 6.940.14 1.540.28
Total Calcium (Ca) g/kg 20+0* 20+1.4 1940.6° 20.1£2.6
Total Magnesium (Mg)  g/kg 5.840.8 5.240.1 5.840.3 6.1+0.3
Total Sodium (Na) g/kg  1.5+£0.2%%  0.340.1%  0.940.6>4  0.340.67
Total Sulfur (S) g/kg 1.8+0.2 1.7+0.1 2.1£0.6 240.3
Total Boron (B) mg/kg  10.3+£2.74  5.240.7%  11.4+£0.64  4.240.68
Total Zinc (Zn) mg/kg 183+12 194 £10 19345 213 £30
Total Manganese (Mn) mg/kg 464434 504+22 47611 533+51
Total Copper (Cu) mg/kg 45+4 64+21 502 122465
C/N Ratio — 14.3£0.7 14.3£0.5 13.140.4%  14.340.3B

Superscripts indicate a significant difference, while the absence of

a superscript indicates no difference.

&b denotes significant difference between initial 6- and 24-month old compost.

AB denotes significant difference before and after the leaching experiments within

the 6- and 24-month old compost.
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Table 4: Chemical composition of Royal Classics and Silver Springs composts

used in the experiment.

Parameter Royal Classics  Silver Springs
pH 6.61 £0.1 (a)f 844 0.3 (b)
Electrical conductivity (dS/m) 49 + 0.6 4.3 +£0.3
Organic matter (g/kg) 368 £ 9 3714+ 9

C : N ratio 10 £ 0.0 12 £ 0.6
Total N (g/kg) 19 £1 16 £1
Ammonium N (mg/kg) 7+ 2 (a) 2058 £+ 57 (b)
Nitrate N (mg/kg) 1590 £ 356 (a) 28 + 8 (b)
Phosphorus (g/kg) 29 £04 3.3+0.3
Potassium (g/kg) 12+1 11+1
Calcium (g/kg) 15+0 14+ 2
Magnesium (g/kg) 49+ 0.1 5.0+ 0.4
Sulfate-S (mg/kg) 371 £ 98 (a) 170 + 13 (b)
Tron (g/kg) 13.7 £ 0.4 13.6 £ 0.3
Chloride (mg/kg) 2950 + 153 (a) 3176 + 277 (b)
Manganese (mg/kg) 412 £ 21 401 £ 21
Zinc (mg/kg) 146 + 29 146 + 12
Copper (mg/kg) 42 + 4 43 + 3
Sodium (g/kg) 0.9 £ 0.0 (a) 0.7 £ 0.1 (b)

"Values represent mean + standard deviation (n = 3)

FValues followed by different letters in a row are significantly different at p < 0.05
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4.2 1BC-Nuclear Magnetic Resonance (NMR) and Fourier Trans-
form Infrared Spectroscopy (FTIR)

Figure 3 shows the 3 C-NMR spectra of the Cedar Grove composts (the spectra for the
Royal Organic and Silver Springs composts were similar to the Cedar Grove compost and
are therefore not shown). The spectra for the 6- and 24- month composts showed the
same peaks, which are typical of municipal compost [Wilson et al., 1981; Spaccini and
Piccolo, 2008]. The major peaks in our spectra occurred in the aliphatic (0-110 ppm) and
the carboxyl regions (160-190 ppm). The most intense peak at 78.2 ppm is associated with
the C2, C3, and C5 carbons of cellulose. The peaks at 159.6 and 177.4 ppm indicate carbons
of phenolic and carboxylic functional groups, respectively [Wilson et al., 1981; Genest et al.,
2014; Gao et al., 2015]. The spectra reveal a predominance of ligno-cellulose and recalcitrant
aliphatic compounds (29.6 and 35.2 ppm) [Spaccini and Piccolo, 2008; Genest et al., 2014].
Overall, the NMR spectra indicate minimal difference in the molecular structure of the
composts.

Figure 4 shows the FTIR spectra of the Cedar Grove composts (the spectra for the
Royal Organic and Silver Springs composts were similar to the Cedar Grove compost and
are therefore not shown). The spectra of the composts had absorbance bands in the same
wavenumber regions. Main absorbance bands occurred at 3280, 2924, 2853, 1590, 1505, 1416,
1265, 1028, and 646 cm~!. The most intense band in the 6- and 24-month compost occurred
at 1024 and 1028 cm™!, respectively. Absorbance at these wavenumbers is associated with
C-O stretching of polysaccharides [Carballo et al., 2008; Smidt et al., 2011; Wang et al.,

2013; Provenzano et al., 2014].
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Figure 3: C-NMR spectra from (a) 6-month and (b) 24-month old Cedar
Grove compost. Structural groups were assigned according to Spaccini and Piccolo

[2008/. Spectra are offset for clarity.

- 3280
1590
1416
1265

(b)

112924 5oca
s
10241028

4000 3000 2000 1000
Wavenumbers (cm™)

Figure 4: FTIR transmittance spectra from (a) 6-month and (b) 24-month old

Cedar Grove compost. Spectra are offset for clarity.
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The spectra show a shallow band around 3280 cm™!, associated with O-H stretching
of bonded and non-bonded hydroxyl groups [Smidt et al., 2011; Higashikawa et al., 2014;
Provenzano et al., 2014]. This band has also been associated with phenolic OH and with
phenol, alcohol, and carboxyl groups [Ouaqoudi et al., 2014]. The presence of phenol and
carboxyl groups is further supported by the band at 1416 cm™!, which is associated with
the C-O stretching of carboxylic acids [Smidt et al., 2011; Wang et al., 2013; Ouaqoudi
et al., 2014].

The presence of aliphatic C-H stretching was indicated by weak bands at 2924 and
2853 cm™! [Huang et al., 2006; Ouaqoudi et al., 2014; Provenzano et al., 2014]. These
wavenumbers correspond to the asymmetric and symmetric C-H stretching of methyl and
methylene groups [Smidt et al., 2011; Fels et al., 2014]. The intensity of bands at 2924 and
2853 cm ™! have been shown to decrease during the composting process. In mature compost,
these aliphatic methylene bands indicate the presence of recalcitrant biomolecules such as
long chain fatty acids and waxes [Smidt et al., 2011; Ouaqoudi et al., 2014].

The presence of aromatic groups was indicated by absorbances at 1590, 1505, and
1265 cm™!. The band at 1590 cm™! is associated with C=C vibration of aromatic carbon
[Carballo et al., 2008; Smidt et al., 2011], and the band at 1505 cm™! indicates the
C=C vibration of lignin and lignocellulosic materials [Carballo et al., 2008; Smidt et al.,
2011; Ouaqoudi et al., 2014]. The band at 1265 cm™' has been attributed to aromatic
carbon and C-O stretching [Huang et al., 2006; Provenzano et al., 2014].

The FTIR spectra support the structural information obtained from the *C-NMR
spectra. The spectra indicate the presence of aliphatic, aromatic, and carboxylic functional
groups, as well as lignin. The C-NMR and FTIR spectra suggest that there was no

significant difference between the molecular structure of the organic matter of the composts.
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4.3 Dynamics of pH, Dissolved Organic Carbon, and Electrical
Conductivity in Leachate

Figure 5 shows a comparison of the leachate dynamics between the two Cedar Grove
composts (the leaching patterns for the Royal Organic and Silver Spring composts was
similar to the Cedar Grove compost, and the data are therefore not shown). Overall, the
pH of the leachate from both treatments increased during the first few storms, but leveled
off as the leaching continued (Figure 5a). The initial pH of the leachate samples of both
treatments was 6.5. In the subsequent samples until 600 mm cumulative flux, the pH
increased, and then leveled off at a pH between 7.5 and 7.8.

The electrical conductivity of leachates from both treatments followed a decreasing
trend as leaching progressed (Figure 5b). The initial electrical conductivities were higher in
the 24-month treatment than in 6-month treatment. Electrical conductivities were elevated
for the first two to three storms, corresponding to about 500 mm cumulative flux, and
then dropped below 1 dS/m. Each storm was characterized by a distinct peak in electrical
conductivity followed by a continuous decrease in electrical conductivity as the storm
progressed.

The DOC concentrations peaked between 400 and 600 mg/L during the first two
storms (Figure 5¢). At the initiation of the third storm, the DOC concentrations increased
to greater than 1000 mg/L. After the spike of the third storm, the DOC concentrations
decreased with each successive storm. Each storm was characterized by a distinct peak
in DOC followed by a continuous decrease in DOC as the storm progressed. The peaks
of successive storms decreased continuously, similar to, but more gradual than what was

observed for the electrical conductivity.
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Figure 5: Dynamics of leachate from 6-month (left column) and 24-month old
Cedar Grove compost (right column). (a) pH, (b) electrical conductivity (EC),
(c) dissolved organic carbon (DOC), (d) surface tension. Distinct peaks visible in

EC and DOC coincide with the initiation of a new storm.
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Surface active compounds, i.e., DOM, decreased the surface tension of the leachate
compared to that of the influent. We hypothesized that the dynamics of the surface tension
would follow the same pattern as observed for the DOC. Over the course of the experiment,
the surface tension of the leachate from both treatments varied between 60 and 72 mN/m
(Figure 5d); however, there was no temporal trend. This indicates continued mobilization of
surface active compounds, but no distinct temporal pattern, contrary to what was seen in
case of EC and DOC. There was no correlation of surface tension within individual storms.

Similar to the pattern seen in the DOC dynamics, the particulate concentrations for
each size fraction (11, 1, and 0.45 um) reached a peak after the first few storms (Figure 6).
After reaching this peak, the particulate concentration in both treatments decreased with
each successive storm. As observed for both the electrical conductivity and DOC, each
storm was characterized by a distinct peak in particulate concentration followed by a
continuous decrease as the storm progressed. The peaks of successive storms decreased
continuously.

The particulate concentrations for each size fraction were less in the 24-month old
compost than in the 6-month old compost. The majority of particulates in both treatments
were retained on the 1 um filter, indicating that the particulates of 1 to 11 ym in diameter

were the dominant fraction leached (on a mass basis).
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Figure 6: Dynamics of particulate leaching from 6-month (left column) and 24-
month (right column) old Cedar Grove compost. (a) particulate fraction > 11 pm,

(b) particulate fraction 1 — 11 um, (c¢) particulate fraction 0.45 — 1 pm. Distinct

peaks coincide with the initiation of a new storm.

28



4.4 H-Nuclear Magnetic Resonance (NMR) and Fourier Trans-
form Infrared Spectroscopy (FTIR) of Leachate

Figure 7 shows the 'H-NMR spectra of the humic acid standard and the compost leachate
for each hour of the first storm for the Cedar Grove compost. The spectra from the composts
correlated well with the humic acid standard; with all three spectra exhibiting the same
resonance signals. The major peaks in our spectra occurred between 0.7 and 2.5 ppm.
Signals in this region correspond with protons of aliphatic chains and protons adjacent to
carbonyl groups such as those in fatty acids and esters [Genest et al., 2014]. The most
intense peak at 1.9 ppm is associated with methyl and methylene protons o to aromatic

rings as well as protons « to carboxylic acid groups [Sparks, 1999].

Figure 7: 'H-NMR spectra from 6-months (left) and 24-months (right) old Cedar
Grove compost for hourly intervals during the initial storm. Spectra are offset for

clarity.
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The signals at 0.9 and 1.07 ppm are associated with the protons of terminal methyl
groups and methylene chains, respectively. Genest et al. [2014] identified similar signals at
0.9 and 1.05 ppm as protons from terminal and chain methyl groups of aliphatic compounds
composing plant cuticles and microbial lipids. The signals at 1.07 and 1.3 ppm indicate
protons of methylene chains within two carbons of a ring or polar group, and the signal
at 1.55 ppm represent protons specific to alicyclic carbon structures [Sparks, 1999]. In
summary, the leachate 'H-NMR spectra do not indicate a change in the functional group
composition of the organic matter over the course of an individual storm.

The FTIR spectra of the leachates of different composts were similar (Figure 8). The
main absorbance bands for both leachates occurred at 3300, 2360, 2330, 1635, 660, and
600 cm~!. The broad FTIR peak at 3300 cm™! is associated with O-H hydroxyl bonds of
organics and water. Absorbance at this band was likely dominated by water. The leachates
showed bands at 1635 cm ™!, which are typically associated with vibrational C=C bonds
in aromatic structures as well as vibrational C=0 bonds in amides, ketones, esters, and
carboxylic acids [Smidt and Meissl, 2007; Carballo et al., 2008; Smidt et al., 2011; Wang
et al., 2013; Ouaqoudi et al., 2014; Higashikawa et al., 2014]. There were no differences
over the course of a storm.

The leachate FTIR confirmed the presence and mobility of the organic and inorganic
constituents identified in the compost. The results of the leachate FTIR analysis also
complemented the 'H-NMR spectra as both revealed signals corresponding to aromatic and

carbonyl groups.
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Figure 8: FTIR transmittance spectra from 6-month and 24-month old Cedar

Grove compost. Spectra are offset for clarity.

4.5 Nitrogen, Phosphorus, and Copper Dynamics

Figures 9 (experiments with using deionized water as influent) and 10 (experiments using
copper-spiked stormwater as the influent) show the average concentrations of nitrogen,
phosphorus, and copper in the leachate samples. The data represent concentrations in
composite samples for selected storms. Due to the gradual decline of concentrations, we did
not analyze each storm, but skipped several storms in the later part of the experiment.
The majority of nitrate/nitrite was leached within the first three storms. The 24-month
old Cedar Grove compost leached a significantly higher concentration of nitrate/nitrite than
the 6-month old Cedar Grove compost (334 mg N/L vs. 72 mg N/L) during the first storm,
and so did the Royal Organics compost. There was a pronounced decrease in nitrate/nitrite
concentration between storm 1 and storm 2. Although the nitrate/nitrite concentration
decreased considerably after four storms, there was a sustained leaching of nitrate/nitrite

on the order of 1 to 10 mg N/L.
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Figure 9: Concentrations of nitrogen, phosphorus, and copper in the leachate

from 6-month and 24-month old Cedar Grove compost for successive storms using

deionized water as the influent. In the later part of the experiment, not all storms

were analyzed, as indicated by the gaps in the storm number sequence. Significant

differences between 6-month and 24-month old compost are denoted by an asterisk

(p = 0.05). Error bars represent + one standard deviation.
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Total Kjeldahl nitrogen represents the organically-bound nitrogen and ammonia in
the leachate. During each storm the 6-month old Cedar Grove compost leached a higher
concentration of Kjeldahl nitrogen than the 24-month old compost (Figure 9b). In the
later part of the experiment, significantly more nitrogen (both nitrate/nitrite and Kjeldahl
nitrogen) was leached from the 6-month compost compared with the 24-month compost.
This is consistent with more nitrogen-mineralization occurring in the younger compost
during the course of the experiment.

Most of the phosphorus leached was in the form of ortho-phosphorus in both the
deionized water and the stormwater experiments (Figures 9 and 10). Ortho-phosphorus is
the inorganic, plant available form of phosphorus that is associated with excessive plant
and algal growth. This is a concern for receiving waters as excess plant growth depletes the
dissolved oxygen required for other aquatic life. During the first two storms, significantly
more phosphorus leached from the 24-month compared to the 6-month old compost. After
storm 2, there was a steady decrease in phosphorus concentrations; however, sustained
leaching of phosphorus was observed at concentrations of 4 to 15 milligrams of phosphorus
per liter.

The majority of copper leached was in the dissolved phase for both the deionized water
and the stormwater experiments (Figures 9 and 10). The largest portion of copper leached
within the first five to six storms. This was likely the labile fraction of copper leaching out.

For the deionized water experiments, where no copper was present in the inflow, copper
was exported from the compost and leached out (Figure 9). The final leachate concentrations
from the Cedar Grove composts exceeded the allowable discharge level of 14 ug Cu/L
for Western Washington [Washington State Department of Ecology, 2014]. The observed
total copper concentrations, however, were far below the National Recommended Water

Quality Criteria (NRWQC) for human health (1,300 ug Cu/L), but exceeded the saltwater
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NRWQC for aquatic life (4.8 and 3.1 pug Cu/L for acute and chronic exposure, respectively)
[USEPA, 2014]. However, the copper concentrations observed in our experiment may not
be toxic due to the presence of elevated DOC, as it is known that DOC readily forms
complexes with dissolved copper [McBride, 1994], thereby reducing its toxicity to aquatic
organisms [Linbo et al., 2009; USEPA, 2014]. Chemical complexation is affected by pH,
ionic strength, alkalinity, and ionic composition of the aqueous solution. The MINTEQ
model does consider all these effects in combination (see results of the modeling below). To
highlight the complexation, we plotted copper vs. DOC concentrations (Figure 11). This
plot revealed a significant linear correlation between dissolved copper and DOC in the
leachate from both composts (p < 0.05). It is likely that most of the dissolved copper was
complexed with DOC. It also has to be considered that during compost applications to the
environment, plants and soil fauna will interact with compost and its leachate, potentially
changing the dynamics of DOC leaching and copper complexation.

For the experiments where copper was spiked to the stormwater, the data show an
interesting trend (Figure 10). During the first few storms, a net export of copper was
observed, but at the later storms, copper was retained in the bioretention systems. This is
likely related to the elevated concentrations of DOC leaching in the first few storms. The
first few storms generated the highest DOC concentrations, thereby having the greatest
potential to complex and mobilize copper. It is also likely that the copper leached with the
first few storms was the most labile form of copper, associated with readily leachable DOC.
As this readily leachable DOC is removed from the compost during the first few storms,
compost starts to act as a sink for copper. Copper in later storms will sorb to non-leachable

organic matter in compost.
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Figure 11: Correlation of dissolved copper with DOC in 6-month and 24-month
old Cedar Grove compost using deionized water as influent. The bracketed data

are considered outliers and were excluded from the linear regression.

In the case where stormwater containing copper was used for the irrigation, the data
show an interesting trend (Figures 10). During the first few storms, a net export of copper
was observed, but at the later storms, copper was retained in the bioretention systems.

This is likely related to the elevated concentrations of DOC leaching in the first few storms.

4.6 Mass Balance of C, N, P, and Cu

Table 5 shows the percentage of carbon, nitrogen, phosphorus, and copper that leached
from the Cedar Grove composts for the experiment using deionized water as influent. The
6-month compost leached a significantly greater percentage of both dissolved and particulate
carbon than the 24-month compost. For both composts, the DOC leached was an order
of magnitude greater than the particulate carbon. These results are consistent with the

observed leaching of DOC (Figure 5¢) and particulate concentrations (Figure 6). This also
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supports our hypothesis that the 24-month compost would be more stable and therefore

contribute less to leaching.

Table 5: Mass balance of C, N, P, and Cu from the 6- and 24-month old

Cedar Grove compost for the experiments using deionized water as influent. Data

represent percentages of material leached compared with initial content. The

percentages listed for each compost represent an average and standard deviation

of three replicates.

Compost Age

6-month old 24-month old
Parameter % Leached % Leached
Dissolved organic carbon 5.39 + 0.05*  3.98 + 0.37°
Particulate organic carbon 0.53 4 0.12*  0.31 4 0.04
Total nitrogen 8.07 £ 0.19 7.63 £ 1.46
Total phosphorus 8.87 £ 0.44 7.37 £ 1.39
Total copper 2.82 + 0.88*  1.21 + 0.14
Dissolved copper 2.36 £ 0.84 1.13 + 0.25

b denotes significant difference between 6- and 24-month

old compost.

There was no significant difference in the percentage of nitrogen and phosphorus leached

from the two composts. This result agrees with the leachate concentrations of nitrogen

and phosphorus (Figure 9), where no consistent differences were observed between the two

composts. The 6-month compost leached a significantly greater percentage of total copper

than the 24-month compost (p = 0.035). However, there was no significant difference in
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the leaching of dissolved copper (p = 0.072). About 90% of the leached copper was in the
dissolved form. The 6-month compost leached just under 3% of the original total copper
content, while the 24-month compost leached just above 1%. This low percentage of copper
leached is supported by the findings of Christensen and Tjell [1984b], who noted that only
0.1 to 1.9% of original heavy metal content leached from their compost lysimeters. The
mass balance of copper in our study shows that the majority of the original copper content
remained in the compost. This, combined with the relatively stable leachate concentrations
of copper in later storms (Figure 9e,f), shows that compost can be a source for continuous
copper export. As mentioned earlier, the copper in the leachate is most likely complexed
with DOC [Kaschl et al., 2002; Chen et al., 2010], which mitigates its toxicity to aquatic
organismes.

Table 6 shows the percentage of carbon, nitrogen, phosphorus, and copper that leached
from the Royal Classic and Silver Springs composts for the experiment using copper-spiked
stormwater as influent. The amount of organic carbon leached was similar between the two
compost and comparable to the data from the experiments with Cedar Grove compost. Royal
Classic compost leached more total nitrogen but less phosphorus than Silver Springs. A
higher percentage of copper leached from these experiments as compared to the experiments
with the deionized water. We suspect that this is because most of the copper in the
stormwater will form organic complexes with the DOC from compost and leach out of the

columns.
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Table 6: Mass balance of C, N, P, and Cu in the two compost-amended biore-
tention systems (Royal Classics and Silver Springs). Percentage data shows the
amounts of constituents leached as percentage of constituents in the compost and

stormwater inflow.

Constituent __ Amounts leached (%)"

Royal Classics Silver Springs

Organic carbon 6.2 +£ 0.5 5.4 4 0.1
Total nitrogen 144+ 18 (a) 10.3 £ 0.8 (b)
Total phosphorus 14.8 £ 3.5 (a) 23.3 £ 0.7 (b)
Total copper 4.8 £0.5 5.3 £ 1.2

Dissolved copper 42+ 04 4.1+ 0.7

"Values followed by different letters in a row are significantly different at p < 0.05

FValues represent mean 4 standard deviation (n = 3)
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4.7 Copper Speciation Modeling

Copper forms various organic and inorganic complexes. It is important to determine
these different complexes, because not all forms of copper are toxic to aquatic life. The
most toxic form of copper is the free copper or cupric ion (Cu?"), followed by copper
hydroxide complexes [Magnuson et al., 1979]. Copper also forms dissolved complexes with
organic substances (Cu-Fulvic acid-Cu) and inorganic ions (CuCl™, CuCOj (aq)), and these
complexes are not toxic [Seligman and Zirino, 1998].

We conducted chemical speciation modeling with MINTEQ to determine the forms of
copper and copper-DOC complexes in the stormwater and leachate from our experiments.
As input parameters for the MINTEQ modeling, we used the solution chemistry measured
from our leachates from the experiments with the copper-spiked stormwater as influent.

In our bioretention leachate at pH 7, the major aqueous copper species were organic
Cu species and the inorganic species Cu?*, CuOH*, Cu(OH), (aq), Cuy(OH)3", CuCl™,
CuCO; (aq), and CuHCOZ. The first four of the inorganic copper species are toxic to
aquatic organisms, the latter three are non-toxic [Magnuson et al., 1979]. In the presence
of DOC (fulvic acid, FA), copper formed the following organic complexes: FA;Cu (aq),
FACu' (aq), FA,CuOH with small amounts of FA-Cu+2G (aq). The FA,Cu (aq) and
FA,CuOH are the organically complexed Cu-bidentate complexes, while FACu™ (aq) is the
organically complexed Cu-monodentate complex.

Figure 12A shows the effect of varying concentrations of DOC on copper speciation
at pH 7. The dominant inorganic Cu species was Cu?" and the dominant organic copper
species was FA,Cu (aq). Also shown in the figure are the total inorganic and total organic
copper species. At low concentration of DOC (0.01 mg/L), copper was primarily found in

inorganic form, with Cu?* being the dominant copper species, with a distribution of 64%.
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Figure 12: Copper speciation modeling. (A) Species distribution of copper versus
the amounts of DOC' (mg/L) in solution at pH =7, (B) Species distribution of
total inorganic and total organically complexed copper at two DOC concentrations

(0.1 and 100 mg/L) versus solution pH.

As the concentration of DOC increases, the inorganic forms of copper decline in favor of
organic complexes. When the concentration of DOC is greater than 1 mg/L, nearly all of
the Cu is organically complexed, mainly as stable bidentate complex.

The stormwater in our experiments had a concentration of 0.48 mg/L DOC, which
results in about 12% of copper in the toxic Cu?* form, and about 85% of the copper in
organic form (Figure 12A). The leachate, however, had concentrations of 32 to 1368 mg/L
DOC, resulting in all the copper being organically complexed. This indicates that the DOC
released from the compost in the bioretention system effectively complexed free aqueous
copper, thereby rendering it non-toxic to aquatic organisms.

Figure 12B shows the effect of pH on copper speciation at constant concentrations
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of DOC of 0.1 and 100 mg/L. At high DOC concentrations (100 mg/L), all copper was
organically complexed, regardless of pH (solid lines). At low DOC concentrations (0.1 mg/L),
there is substantial presence of toxic inorganic copper species, concentrations of which
decrease with increasing pH (80% at pH 6, 9% at pH 8). This decrease in toxic inorganic
Cu forms with increasing pH was balanced by formation of CuCOj; (aq). However, pH
fluctuations had no effect on the concentrations of organic copper complexes. This indicates
that when the DOC is high (100 mg/L), pH fluctuations do not affect the distribution of
toxic Cu species. However, at low DOC (0.1 mg/L), an increase in pH decreases the Cu
toxicity by formation of CuCOj (aq). Overall, high pH and high DOC concentrations are

conducive for reduced Cu toxicity to aquatic organisms.

5 Conclusions

Our results suggest that, in general, leachate concentrations from mature compost decrease
over the course of individual rainstorms as well as following successive storms. However, we
observed that this overall decline was not smooth, as the initiation of each storm mobilized
a new peak of constituent concentrations in the leachate. The pattern of decline also
depends on the constituent, and can be rapid as in the case of EC and nitrate/nitrite, or
slow and less pronounced as in the case of DOC, total Kjeldahl nitrogen, and copper. The
elevated leachate concentrations from both composts at the beginning of the experiment
and the beginning of each new rainstorm suggest that leaching from mature compost is less
a function of age and type, but more a function of leaching history. Concentrations of DOC
in initial storms readily reach several hundreds of milligrams DOC per liter. Even after
several storms, DOC concentrations in the leachate remain in the order of several tenths
of milligrams per liter. At such high DOC concentrations, copper is effectively complexed

with DOC and organic copper complexes are formed.
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6 Recommendations/Applications/Implementation

Compost contains significant amounts of organic carbon, nitrogen, phosphorus and copper.
Both 6-month and 24 month old composts subjected to 6 month 24 hour simulated rain
events leached organic carbon, nitrogen, phosphorus. Nitrogen leached in both organic and
inorganic forms. Phosphorus found in the leachate was mostly in form of ortho-phoshorus,
which is the form of phosphorus readily available to organisms and which contributes
to eutrophication of aquatic ecosystems. Copper also leached from the compost in these
simulated storm events. Our results indicate that the effluent from the first several storms
pose the greatest threat to water quality as the mobile C, N, P and Cu all decrease with
subsequent storms.

If the stormwater applied to columns is spiked with copper, our results show that
additional copper will also be found in leachate after simulated storm events. Our research
has shown that most of the copper in leachate is in the dissolved phase. In addition,
the compost leachates were high in dissolved carbon. Our modeling of copper speciation
showed that with high levels of DOC all of the dissolved copper is expected to form DOC-
Cu complexes at pHs between 6 and 8. In this form the copper is not toxic to aquatic
organisms. However, DOC-Cu complexes may break apart when the dissolved organic
matter is consumed and metabolized by microbial action. Then the Cu would be released
back in toxic form to the aqueous ecosystem. More research is needed to determine whether,
how, and under what conditions DOC-Cu complexes will break apart. More research is
also needed to determine how the quantity of compost and incorporation methods in real
situations effects the movement of C, N, P and Cu.

Our results indicate that the effluent from the first several storms pose the greatest

threat to water quality as the mobile C, N, P, and Cu all decrease with subsequent storms.
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If there is a receiving waterbody that is impaired or has a TMDL restriction, the amount
and placement of compost should be carefully evaluated to protect water quality.

Future research is recommended in a real-world context, using direct rainfall and
stormwater runoff from a highway that has not been spiked with additional elements. It will
be important to capture the effects of vegetation, soil biota, and varying depths of compost
application and incorporation. In addition, future studies should include the analysis of

zinc and organic pollutants.
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A Appendix A

This appendix contains reports of chemical analyses of the composts. The product key is as

follows:
Product Lab # Description Replicate
LC13-02-002a C14-590 Cedar Grove Compost 6-months (before leaching) 1
LC13-02-002b  C14-591 Cedar Grove Compost 6-months (before leaching) 2
LC13-02-002¢ C14-592 Cedar Grove Compost 6-months (before leaching) 3
LC13-02-0002-1 C14-596 Cedar Grove Compost 6-months (after leaching) 1
LC13-02-0002-2 C14-597 Cedar Grove Compost 6-months (after leaching) 2
LC13-02-0002-3 (C14-598 Cedar Grove Compost 6-months (after leaching) 3
LC13-02-004a  C14-593 Cedar Grove Compost 24-months (before leaching) 1
13-02-004b C14-594 Cedar Grove Compost 24-months (before leaching) 2
LC13-02-004c C14-595 Cedar Grove Compost 24-months (before leaching) 3
LC13-02-0004-4 C14-599 Cedar Grove Compost 24-months (after leaching) 1
LC13-02-0004-5 C14-600 Cedar Grove Compost 24-months (after leaching) 2
LC13-02-0004-6 C14-601 Cedar Grove Compost 24-months (after leaching) 3
Compost 2.001 C14-648 Royal Classics Compost 1
Compost 2.003 C14-581 Royal Classics Compost 2
Compost 2.003 (C14-582 Royal Classics Compost 3
Compost 1.001  C14-531 Silver Springs Compost 1
Compost 1.002 C14-532 Silver Springs Compost 2
Compost 1.003 C14-533 Silver Springs Compost 3
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Compostin
U Courfoll ® .

soiltest

STA Certified Lab
farm consultants, inc.
2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com
Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
Client: WSU Puyallup Product: LC13-02-002a Date Reported: 10/08/14
Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-590
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Rcvd. Dry Wt. Units Low Normal High Typical Range
kkhkkkkkkkhkkkhkhk
Moisture 70C 16 % 15to 40
kkhkkkhkkkhkkkhkkkhkhkkhkkkx
Solids 70C 84 % 60 to 85
khkkkkhkkkkhkhkkhkk
pH 15 6.7 NA suU 5.5t08.5
kkhkkkkhkkkkhkkkhkikk
E.C 1:5 2.45 2.92 mmbhos/cm below 5.0
khkkkkhkkkhkhkkhkk
Organic Matter TMECC 05.07A 39.3 46.8 % 40 to 60
kkhkkkkhkkkhkkkhkhkkhkhkkhkhkkhk*k
Ash 550 C 44.6 53.2 % 40 to 60
kkhkkkkhkhkkhkhkkhkk
Total N TMECC 04.02D 1.38 1.64 % 1t05
kkhkkkkhkkkhkkkik*k
Organic C TMECC 04.01A 20.8 24.8 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.20 0.24 %
kkhkkkkhkkkkx
P,0g 0.46 0.55 % 1t08
Potassium TMECC 04.12B/04.14A 0.69 0.82 %
*kk*k
K,O 0.83 0.99 % 3t012
kkhkkkkhkhkkhkkhkkhkk
Calcium TMECC 04.12B/04.14A 1.69 2.0 % 0.51t0 10
khkkkhkhkkhkhkkhkkkhkhkkhkhkkhkk*%
Magnesium TMECC 04.12B/04.14A 0.44 0.52 % 0.05t0 0.7
khkkhkkhkkkkhkhkhkhkhkk
Sodium TMECC 04.12B/04.14A 0.14 0.17 % 0.05 t0 0.7
kkhkkkhkkkhkkkhkkkik*k
Sulfur TMECC 04.12B/04.14A 0.16 0.19 % 0.1t01.0
kkhkkkkhkkkhkkkk
Boron TMECC 04.12B/04.14A 10.5 12.5 mg/kg 25 to 150
kkhkkkkhkkkhkkkik*k
Zinc TMECC 04.12B/04.14A 154 184 mg/kg 100 to 600
khkkkkhkhkkhkhkkhkhkhhkhhkik
Manganese TMECC 04.12B/04.14A 364 434 mgl/kg 250 to 750
**k*
Copper TMECC 04.12B/04.14A 37 44 mg/kg 100 to 500
khkhkkhkhkkhkhkhhkhkhhkhhhkhhhik
Iron TMECC 04.12B/04.14A 11963 14267 mg/kg 1000 to 25000
*khkkkkkk*k
C/N ratio 15.1 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

STA Certified Lab

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com

Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
Client: WSU Puyallup Product: LC13-02-002b Date Reported: 10/08/14
Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-591
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*hhkkhkkhkkikikk
Moisture 70C 11 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 89 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.7 NA suU 5.5t08.5
*hhkkhkkhkkikhkhkihiik
E.C 1:5 2.18 2.45 mmhos/cm below 5.0
*hkhkikikk
Organic Matter TMECC 05.07A 32.8 36.9 % 40 to 60
AERAAKRAAKRAAKRAAAAAAAAXAiAdhidhiiiikx
Ash 550 C 56.1 63.1 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.13 1.27 % 1t05
*khkkikkhkkikkik
Organic C TMECC 04.01A 15.5 17.5 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.31 0.35 %
*khkkikkhkkiikk
P,0g 0.71 0.79 % 1to8
Potassium TMECC 04.12B/04.14A 0.57 0.64 %
*kkk
K,O 0.69 0.77 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.74 2.0 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.60 0.67 % 0.05 to 0.7
*hhkkhkkhkkikhkhkkikhkhiiik
Sodium TMECC 04.12B/04.14A 0.12 0.13 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.13 0.15 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 6.5 7.3 mgl/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 152 171 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 407 457 mg/kg 250 to 750
***k
Copper TMECC 04.12B/04.14A 37 42 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 15719 17671 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 13.7 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

soiltest

STA Certified Lab
farm consultants, inc.
2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com
Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
Client: WSU Puyallup Product: LC13-02-002c Date Reported: 10/08/14
Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-592
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*hhkkhkkhkkikikk
Moisture 70C 15 % 15to 40
B T T e e e e e e e e e e e e e e e e
Solids 70C 85 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.7 NA suU 5.5t08.5
*hhkkhkkhkkikhkhkihiik
E.C 1:5 2.45 2.87 mmbhos/cm below 5.0
*hkhkikikk
Organic Matter TMECC 05.07A 32.5 38.0 % 40 to 60
AERAAKRAAKRAAKRAAAAAAAAXAiAdhidhiiiikx
Ash 550 C 53.0 62.0 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.18 1.38 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 16.5 19.3 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.24 0.28 %
*khkkikkhkkiikk
P,0g 0.55 0.64 % 1t08
Potassium TMECC 04.12B/04.14A 0.63 0.74 %
*kkk
K,O 0.76 0.89 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.73 2.0 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.48 0.56 % 0.05 to 0.7
*hhkkhkkhkkikhkhkkikhkhiiik
Sodium TMECC 04.12B/04.14A 0.13 0.15 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.16 0.19 % 0.1t01.0
*hhkkhkkhkkihkhkiikk
Boron TMECC 04.12B/04.14A 9.5 11.1 mg/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 167 195 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 428 501 mg/kg 250 to 750
***k
Copper TMECC 04.12B/04.14A 42 49 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 13797 16145 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 14.0 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures
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2925 Driggs Dr., Moses Lake, Wa 98837 -
Office: (509)765-1622

www.soiltestlab.com
- (800)764-1622

Client: WSU Puyallup

Product: LC13-02-0002-1

Date Reported: 10/08/14

Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-596
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*k*k
Moisture 70C 7 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 93 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.5 NA suU 5.5t08.5
*kkhkikhkk
E.C 1:5 0.28 0.30 mmbhos/cm below 5.0
*hkhkikikk
Organic Matter TMECC 05.07A 35.5 38.4 % 40 to 60
AERAAKRAAKRAAKRAAAAAAAAXAiAdhidhiiiikx
Ash 550 C 57.0 61.6 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.14 1.23 % 1t05
*khkkikkhkkikkik
Organic C TMECC 04.01A 16.1 17.4 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.26 0.28 %
*khkkikkhkkiikk
P,0g 0.60 0.65 % 1t08
Potassium TMECC 04.12B/04.14A 0.14 0.15 %
*kkk
K,O 0.17 0.18 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.73 1.9 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.47 0.51 % 0.05 to 0.7
*kkk
Sodium TMECC 04.12B/04.14A 0.03 0.03 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.15 0.17 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 4.2 4.5 mg/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 172 186 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 457 494 mg/kg 250 to 750
*kkkikkik
Copper TMECC 04.12B/04.14A 47 51 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 13463 14549 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 14.1 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

STA Certified Lab

- Fax:(509)765-0314

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 -
Office: (509)765-1622

www.soiltestlab.com
- (800)764-1622

Client: WSU Puyallup

Product: LC13-02-0002-2

Date Reported: 10/08/14

Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-597
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*k*k
Moisture 70C 7 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 93 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.6 NA suU 5.5t08.5
B e s S e e e R R S T S e e e e
E.C 1:5 6.23 6.71 mmbhos/cm below 5.0
*hhkkhkkhkkihkhkiikik
Organic Matter TMECC 05.07A 37.1 39.9 % 40 to 60
B T T e e e e e e e e e e e e e e e e e
Ash 550 C 55.8 60.1 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.39 1.50 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 20.6 22.2 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.22 0.24 %
*khkkikkhkkiikk
P,0g 0.51 0.55 % 1t08
Potassium TMECC 04.12B/04.14A 0.13 0.14 %
*kkk
K,O 0.16 0.17 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.91 2.1 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.49 0.53 % 0.05 to 0.7
*kkk
Sodium TMECC 04.12B/04.14A 0.04 0.04 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.17 0.18 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 54 5.8 mg/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 190 205 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 491 529 mg/kg 250 to 750
*kkkikkik
Copper TMECC 04.12B/04.14A 49 53 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 15579 16783 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 14.8 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .
STA Certified Lab

- Fax:(509)765-0314

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 -
Office: (509)765-1622

www.soiltestlab.com
- (800)764-1622

Client: WSU Puyallup

Product: LC13-02-0002-3

Date Reported: 10/08/14

Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-598
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*k*k
Moisture 70C 7 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 93 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.6 NA suU 5.5t08.5
*kkhkikhkk
E.C 1:5 0.2 0.21 mmbhos/cm below 5.0
*hkhkikikk
Organic Matter TMECC 05.07A 33.6 36.0 % 40 to 60
AERAAKRAAKRAAKRAAAAAAAAXAiAdhidhiiiikx
Ash 550 C 59.6 64.0 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.19 1.28 % 1t05
*khkkikkhkkikkik
Organic C TMECC 04.01A 16.6 17.8 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.21 0.23 %
*khkkikkhkkiikk
P,0g 0.48 0.52 % 1t08
Potassium TMECC 04.12B/04.14A 0.11 0.12 %
*kkk
K,O 0.13 0.14 % 3t012
*hhkhkhkhkhkhkhkihkhkihhihhihhihhiiiikx
Calcium TMECC 04.12B/04.14A 16.94 18.17 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.48 0.52 % 0.05 to 0.7
*kkk
Sodium TMECC 04.12B/04.14A 0.03 0.03 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.15 0.16 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 5.0 54 mg/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 178 191 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 455 488 mg/kg 250 to 750
*kkkikkik
Copper TMECC 04.12B/04.14A 82 88 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 14334 15377 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 13.9 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




U Composting

Council @ Q
STA Certified Lab S 0 Z e S
farm consultants, inc.
2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com
Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
Client: WSU Puyallup Product: LC13-02-004a Date Reported: 10/08/14
Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-593
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*hhkkhkkhkkikhkiikhik
Moisture 70C 17 % 15to 40
B T T e e e e e e e e e e e e e e e e
Solids 70C 83 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.4 NA suU 5.5t08.5
*hhkkhkkhkkikhkhkihiik
E.C 1:5 2.77 3.34 mmhos/cm below 5.0
*hhkkhkkhkkihkhkiikik
Organic Matter TMECC 05.07A 34.1 41.1 % 40 to 60
B T T e e e e e e e e e e e e e e e e e
Ash 550 C 48.8 58.9 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.31 1.58 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 17.2 20.8 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.22 0.26 %
*khkkikkhkkiikk
P,0g 0.50 0.60 % 1to8
Potassium TMECC 04.12B/04.14A 0.58 0.70 %
*kkk
K,O 0.70 0.84 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.56 1.9 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.45 0.54 % 0.05 to 0.7
*hhkkhkkhkkikhhkiikk
Sodium TMECC 04.12B/04.14A 0.08 0.10 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.17 0.21 % 0.1t01.0
*hhkkhkkhkkihkhkiikk
Boron TMECC 04.12B/04.14A 9.1 11.0 mgl/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 157 189 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 386 466 mg/kg 250 to 750
*kkkikkik
Copper TMECC 04.12B/04.14A 42 50 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 13541 16346 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 13.2 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

STA Certified Lab

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com

Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
Client: WSU Puyallup Product: LC13-02-004b Date Reported: 10/08/14
Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-594
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*hhkkhkkhkkikikk
Moisture 70C 12 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 88 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.3 NA suU 5.5t08.5
*hhkkhkkhkkikhkhkihiik
E.C 1:5 2.87 3.27 mmbhos/cm below 5.0
*hkhkikikk
Organic Matter TMECC 05.07A 33.4 38.0 % 40 to 60
AERAAKRAAKRAAKRAAAAAAAAXAiAdhidhiiiikx
Ash 550 C 54.4 62.0 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.34 1.53 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 17.1 19.5 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.24 0.28 %
*khkkikkhkkiikk
P,0g 0.56 0.64 % 1t08
Potassium TMECC 04.12B/04.14A 0.60 0.68 %
*kkk
K,O 0.71 0.81 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.61 1.8 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.53 0.60 % 0.05 to 0.7
*hhkkhkkhkkikhhkiikk
Sodium TMECC 04.12B/04.14A 0.08 0.09 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.19 0.22 % 0.1t01.0
*hhkkhkkhkkihkhkiikk
Boron TMECC 04.12B/04.14A 9.7 11.1 mg/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 175 199 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 428 488 mg/kg 250 to 750
*kkkikkik
Copper TMECC 04.12B/04.14A 45 52 mg/kg 100 to 500
B e e S e e S e T e S e e T e e e
Iron TMECC 04.12B/04.14A 16140 18389 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 12.7 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

STA Certified Lab

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 -

www.soiltestlab.com

Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
Client: WSU Puyallup Product: LC13-02-004c Date Reported: 10/08/14
Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-595
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*hhkkhkkhkkikikk
Moisture 70C 13 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 87 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.5 NA suU 5.5t08.5
*kkhkikhkk
E.C 1:5 1.78 2.04 mmhos/cm below 5.0
*hhkkhkkhkkihkhkiikik
Organic Matter TMECC 05.07A 35.7 40.9 % 40 to 60
B T T e e e e e e e e e e e e e e e e e
Ash 550 C 51.6 59.1 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.39 1.59 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 18.8 215 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.24 0.27 %
*khkkikkhkkiikk
P,0g 0.54 0.62 % 1to8
Potassium TMECC 04.12B/04.14A 0.60 0.69 %
*kkk
K,O 0.72 0.82 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.69 1.9 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.52 0.59 % 0.05 to 0.7
*hhkkhkkhkkikhhkiikk
Sodium TMECC 04.12B/04.14A 0.08 0.09 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.18 0.21 % 0.1t01.0
*hhkkhkkhkkihkhkiikk
Boron TMECC 04.12B/04.14A 10.5 12.0 mgl/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 167 191 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 414 474 mg/kg 250 to 750
***k
Copper TMECC 04.12B/04.14A 43 49 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 14436 16546 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 13.5 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

STA Certified Lab

- Fax:(509)765-0314

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 -
Office: (509)765-1622

www.soiltestlab.com
- (800)764-1622

Client: WSU Puyallup

Product: LC13-02-0004-4

Date Reported: 10/08/14

Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-599
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*k*k
Moisture 70C 8 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 92 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.9 NA suU 5.5t08.5
*kkhkikhkk
E.C 1:5 0.18 0.20 mmbhos/cm below 5.0
*hhkkhkkhkkihkhkiikik
Organic Matter TMECC 05.07A 39.9 43.4 % 40 to 60
B T T e e e e e e e e e e e e e e e e e
Ash 550 C 52.0 56.6 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.40 1.52 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 20.5 22.3 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.22 0.24 %
*khkkikkhkkiikk
P,0g 0.51 0.56 % 1t08
Potassium TMECC 04.12B/04.14A 0.12 0.13 %
*kkk
K,O 0.15 0.16 % 3t012
*hhkhkhkhkhkhkhkihkhkihhihhihhihhiiiikx
Calcium TMECC 04.12B/04.14A 17.57 19.14 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.54 0.59 % 0.05 to 0.7
*kkk
Sodium TMECC 04.12B/04.14A 0.03 0.03 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.18 0.20 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 3.4 3.7 mgl/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 181 197 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 457 498 mg/kg 250 to 750
*kkkikkik
Copper TMECC 04.12B/04.14A 47 52 mg/kg 100 to 500
*hhkkhkhhkikhkhkikhhkihhkiikhiiihkikx
Iron TMECC 04.12B/04.14A 15180 16528 mg/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 14.7 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .

STA Certified Lab

- Fax:(509)765-0314

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 -
Office: (509)765-1622

www.soiltestlab.com
- (800)764-1622

Client: WSU Puyallup

Product: LC13-02-0004-5

Date Reported: 10/08/14

Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-600
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*k*k
Moisture 70C 7 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 93 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.7 NA suU 5.5t08.5
*kkhkikhkk
E.C 1:5 0.27 0.29 mmbhos/cm below 5.0
*hkhkikikk
Organic Matter TMECC 05.07A 34.9 37.5 % 40 to 60
AERAAKRAAKRAAKRAAAAAAAAXAiAdhidhiiiikx
Ash 550 C 58.0 62.5 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.24 1.33 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 17.6 18.9 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.30 0.32 %
*khkkikkhkkiikk
P,0g 0.68 0.73 % 1t08
Potassium TMECC 04.12B/04.14A 0.15 0.16 %
*kkk
K,O 0.18 0.20 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 2.03 2.19 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.57 0.61 % 0.05 to 0.7
*hhkkhkkhkkikhhkiikk
Sodium TMECC 04.12B/04.14A 0.04 0.04 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.22 0.24 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 4.6 4.9 mgl/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 230 247 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 550 592 mg/kg 250 to 750
*khkkikkhkikkhkkikhiix
Copper TMECC 04.12B/04.14A 166 179 mg/kg 100 to 500
*hhkhkhkhkhkhhkihhkikhhihhiiiikx
Iron TMECC 04.12B/04.14A 16476 17729 mgl/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 14.2 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courfoll ® .
STA Certified Lab

soiltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com
Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622

Client: WSU Puyallup

Product: LC13-02-0004-6

Date Reported: 10/08/14

Attn: Jessica Mullane Date Sampled: 09/25/14 Laboratory # C14-601
2606 W Pioneer Date Received: 09/26/14 Reveiwed by Brent Thyssen, CPSSc
Puyallup, WA 98371
916-316-3366 Amount:  $ 52.50
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
*k*k
Moisture 70C 7 % 15to 40
AERAAKRAAARAAKRAAXRAAXAAAAAAdAiAdhid ik
Solids 70C 93 % 60 to 85
*hhkkhkkhkkihkhkkiikik
pH 15 6.9 NA suU 5.5t08.5
*kkhkikhkk
E.C 1:5 0.27 0.29 mmbhos/cm below 5.0
*hhkkhkkhkkihkhkiikik
Organic Matter TMECC 05.07A 37.5 40.6 % 40 to 60
B T T e e e e e e e e e e e e e e e e e
Ash 550 C 55.0 59.4 % 40 to 60
*hhkkhkkhkkihkhkiikik
Total N TMECC 04.02D 1.48 1.60 % 1t05
*khkkikkhkkikkhkkikik
Organic C TMECC 04.01A 20.9 22.6 % 18 to 45
Phosphorous TMECC 04.12B/04.14A 0.23 0.25 %
*khkkikkhkkiikk
P,0g 0.53 0.57 % 1t08
Potassium TMECC 04.12B/04.14A 0.14 0.15 %
*kkk
K,O 0.17 0.18 % 3t012
*hhkkhkkhkkihkhkkiikik
Calcium TMECC 04.12B/04.14A 1.69 1.82 % 0.5t0 10
R R R R e e e S e S e e e e e e e e e
Magnesium TMECC 04.12B/04.14A 0.59 0.64 % 0.05 to 0.7
*kkk
Sodium TMECC 04.12B/04.14A 0.03 0.03 % 0.05 t0 0.7
*hhkkikkhkkikkhkkikkhii ik
Sulfur TMECC 04.12B/04.14A 0.17 0.18 % 0.1t01.0
*kkk
Boron TMECC 04.12B/04.14A 3.6 3.9 mgl/kg 25 to 150
*khkkikkhkkikkhkkikik
Zinc TMECC 04.12B/04.14A 180 195 mg/kg 100 to 600
*hhkkhkhhkkikhhkihhihhkiikhikx
Manganese TMECC 04.12B/04.14A 471 509 mg/kg 250 to 750
*khkkikkhkikkhkkikhiix
Copper TMECC 04.12B/04.14A 125 135 mg/kg 100 to 500
B R o o o S e S e e R e T e S e e e
Iron TMECC 04.12B/04.14A 18466 19954 mgl/kg 1000 to 25000
*hkhkikkkhkik
CIN ratio 14.1 ratio 18to 24

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 2_001 Date Reported: 11/10/14
Attn: Maninder Chahal Date Sampled: 09/12/14 Laboratory # C14-648
2606 W Pioneer Ave Date Received: 10/24/14 Reveiwed by Brent Thyssen, CPSSc
Puyaallup, WA 98371
253-445-4592 Amount:  $ 147.00
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
Moisture 70C 26.3 % Fkkkkkkkkkkkkkkk 15to 40
Solids 70C 73.7 % Fhedkdedkdeddoddokkkkdok 60 to 85
pH 15 6.5 NA SU Fdededededekdeokodoiek 5.5t0 8.5
EC 1:5 4— 543 mmhos/cm Fhkkkkkkhhkkrhhhrrrk below 5.0
Total N TMECC 04.02D 1.45 1.97 % Fdededededdekdokododek 1t05
Organic C TMECC 04.01A 14.2 19.3 % Fdededededdekdeokodoiek 18 to 45
Organic Matter TMECC 05.07A 27.6 37.5 % folokokofofakel 40 to 60
ASh 550 C 461 625 % R s e e e e S S S e T e S e T e e e 40 to 60
Ammonium -N TMECC 05.02C 4 5 mglkg  |*** 90 to 450
Nitrate-N TMECC 04.02B 1345.0 1825.8 mg/kg 50 to 250
Chloride TMECC 04.12D 1782 2419 mglkg | FEFIEERRARRA 500 to 5000
Sulfate-S TMECC 04.12D 340 462 mg/kg
CaCO, TMECC 04.08A 37 50 Ibs/T Fkk ko kkkkddkkkkk 20to 80
Phosphorus TMECC 04.12B/04.14A 0.23 0.32 %
P,0s 0.54 0.73 % Fokkkkkkkk 1to8
Potassium TMECC 04.12B/04.14A 0.91 1.24 %
K,O 1.09 1.48 % okkk 3t012
Calcium TMECC 04.12B/04.14A 1.10 1.5 % Fdedededekdekdekododek 0.510 10
Magnesium TMECC 04.12B/04.14A 0.36 0.49 % Fhdekdekdeokddokdekkkddkiokkhk 0.05t0 0.7
Sodium TMECC 04.12B/04.14A 0.06 0.09 % ************| 0.05to0 0.7
Sulfur TMECC 04.12B/04.14A 0.16 0.21 % Fdedekdekdekddokdok ke 0.1t0 1.0
Boron TMECC 04.12B/04.14A 11.3 15.4 mg/kg ************| 25 to 150
Zinc TMECC 04.12B/04.14A 85 115 mglkg  [FFEEAIARRAAAL 100 to 600
Manganese TMECC 04.12B/04.14A 312 423 mglkg  |FFFEAERRRAAAA ALK 250 to 750
Copper TMECC 04.12B/04.14A 28 38 mg/kg  |*** | 100 to 500
Iron TMECC 04.12B/04.14A 9797 13300 mglkg  |FFRNRARkkdededekkdedkdededokhokdk 1000 to 25000
C/N ratio 10 ratio Fhkk 18 to 24
C/P Ratio 61 ratio fokaokakokel 80 to 140
Ag |ndeX ll ratio FARAAKRAAKAAAAAAAAAXAAdhidhiixiiiik 3to 10
Respiration & Stability
Method Units Low Normal High Normal
CO2 Evolution TMECC 05.08 0.3 mg CO,-Clg OM/day *k 1to7
TMECC 05.08 0.2 mg CO,-Clg TS/day *kkk 0.5t0 5
TMECC 05.08 0.12 mg NHs-N /kg /day *Ak 10 to 100
Stability Rating Stable

Sample was received, handled and tested in accordance with TMECC procedures




Compostin
U Courrcll ® .

STA Certified Lab

- Fax:(509)765-0314

sotltest

farm consultants, inc.

2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com

Office: (509)765-1622 - (800)764-1622

Page 2

Client: WSU Product: Compost 2_001 Date Reported: 11/10/14
2606 W Pioneer Ave Date Sampled: 09/12/14 Laboratory # C14-648
Puyaallup, WA 98371 Date Received: 10/24/14 Reveiwed by Brent Thyssen, CPSSc
253-445-4592
Cucumber Bioassay
Method Units Low Normal Normal
Emergence TMECC 05.05A 97 % Feke A e e ke Ak ek ek ke ek ke ko 80 to 100
Vigor TMECC 05.05A 95 % Feoke A e ek e A ek ke ke ek ke ke ko 85 to 100
Plant Description Mature
Pathogens
Date Tested 1/0/1900
Method units Low Normal High Normal
Fecal Coliforms TMECC 07.01B Not Tested MPN/g Less than 1000
Salmonella TMECC 07.01c Not Tested MPN/4g Less than 3
ND = None Detected
WAC 173-350-220
Method Dry Wit. Units Low Normal High WAC Limit
Arsenic TMECC 04.12B/04.14A 8.8 mgl/kg Fkkkkdokdk 20
Cadmium TMECC 04.12B/04.14A 0.3 mglkg  |**F*F* 10
Chromium TMECC 04.12B/04.14A 19.9 mg/kg -
Cobalt TMECC 04.12B/04.14A 6.2 mg/kg -
Copper TMECC 04.128/04.14A 384 mglkg | *F*F* 750
Lead TMECC 04.12B/04.14A 39.5 mgl/kg Fhkk 150
Mercury TMECC 04.12B/04.14A 0.06 mgl/kg Fhkk 8
Molybdenum TMECC 04.12B/04.14A 2.1 mglkg | FEFIEERRARRAAR 9
Nickel TMECC 04.12B/04.14A 17.1 mglkg  |**F*F* 210
Selenium TMECC 04.12B/04.14A 0.5 mglkg  |***F* 18
Zinc TMECC 04.12B/04.14A 115 mgl/kg Fhkk 1400
Pass
Particle Size Distribution TMECC 2.02B&C
inches mm % Passing Inerts % by wt.
3 76.2 100
2 50 100 Total Plastic ~ 0.00
1 25 100 Film Plastic 0.00
3/4 19.1 100 Glass 0.00
5/8 16 100 Metal 0.00
172" 12.5 100 Sharps 0.00
3/8" 9.5 100
1/4" 6.3 100

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 2_003 Date Reported: 10/09/14
Attn: Maninder Chahal Date Sampled: 09/11/14 Laboratory # C14-581
2606 W Pioneer Ave Date Received: 09/17/14 Reveiwed by Brent Thyssen, CPSSc
Puyaallup, WA 98371
253-445-4592 Amount:  $ 147.00
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
Moisture 70C 22.5 % Fkkkkkkkkkkkkk 15 to 40
SOlidS 70 C 775 % *hhkkhkhikhhkkikhkhkihhkiikhiik 60 to 85
pH 15 6.6 NA SuU Fdededededekdeokodoiek 5.5t0 8.5
E.C 15 3.29 4.24 mmhos/cm | **FEEFXIIAAA LI I A kALK below 5.0
Total N TMECC 04.02D 1.34 1.73 % Fdededededdekdokododek 1t05
Organic C TMECC 04.01A 14.0 18.0 % Fdededededdekdeokodoiek 18 to 45
Organic Matter TMECC 05.07A 27.7 35.8 % folokokofofakel 40 to 60
ASh 550 C 498 642 % R s e e e e S S S e T e S e T e e e 40 to 60
Ammonium -N TMECC 05.02C 6.5 8.4 mglkg  |*** 90 to 450
Nitrate-N TMECC 04.02B 915.0 1180.2 mg/kg 50 to 250
Chloride TMECC 04.12D 1645 2122 mglkg | FEFIEERRARRA 500 to 5000
Sulfate-S TMECC 04.12D 208 268 mg/kg
CaCO, TMECC 04.08A 20 26 Ibs/T Fokkddkkkkkokok 20to 80
Phosphorus TMECC 04.12B/04.14A 0.24 0.31 %
P,0s 0.56 0.72 % Fokkkkkkkk 1to8
Potassium TMECC 04.12B/04.14A 0.92 1.18 %
K,O 1.10 1.42 % okkk 3t012
Calcium TMECC 04.12B/04.14A 1.17 1.5 % Fdedededekdekdekododek 0.510 10
Magnesium TMECC 04.12B/04.14A 0.38 0.49 % Fhdekdekdeokddokdekkkddkiokkhk 0.05t0 0.7
Sodium TMECC 04.12B/04.14A 0.07 0.09 % ************| 0.05t0 0.7
Sulfur TMECC 04.12B/04.14A 0.14 0.19 % Fdedekdekdekddokdok ke 0.1t0 1.0
Boron TMECC 04.12B/04.14A 12.1 15.6 mg/kg ************| 25 to 150
Zinc TMECC 04.12B/04.14A 119 153 mglkg  |FFEAAIARRAAAL 100 to 600
Manganese TMECC 04.12B/04.14A 300 387 mgl/kg Fhkkkkkkhkhk 250 to 750
Copper TMECC 04.12B/04.14A 33 43 mg/kg |*** 100 to 500
Iron TMECC 04.12B/04.14A 10877 14030 mglkg  |FFFNRARkkddedekkdedkdededokhokdk 1000 to 25000
C/N ratio 10 ratio fokakokaokakekel 18 to 24
C/P Ratio 57 ratio fokaokakokel 80 to 140
Ag |ndeX ll ratio FARAAKRAAKAAAAAAAAAXAAdhidhiixiiiik 3to 10
Respiration & Stability
Method Units Low Normal High Normal
CO2 Evolution TMECC 05.08 0.5 mg CO,-Clg OM/day *k 1to7
TMECC 05.08 0.2 mg CO,-C/g TS/day *kkk 0.5t05
TMECC 05.08 0.10 mg NHs-N /kg /day *Ak 10 to 100
Stability Rating Stable

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 2_003 Date Reported: 10/09/14
2606 W Pioneer Ave Date Sampled: 09/11/14 Laboratory # C14-581
Puyaallup, WA 98371 Date Received: 09/17/14 Reveiwed by Brent Thyssen, CPSSc
253-445-4592
Cucumber Bioassay
Method Units Low Normal Normal
Emergence TMECC 05.05A 100 % Feoke Aok ek ek e ek ek ek ek ek ke ke ek 80 to 100
Vigor TMECC 05.05A 99 % Feoke A e ek e A ek ke ke ek ke ke ko 85 to 100
Plant Description Mature
Pathogens
Date Tested 1/0/1900
Method units Low Normal High Normal
Fecal Coliforms TMECC 07.01B Not Tested MPN/g Less than 1000
Salmonella TMECC 07.01c Not Tested MPN/4g Less than 3
ND = None Detected
WAC 173-350-220
Method Dry Wit. Units Low Normal High WAC Limit
Arsenic TMECC 04.12B/04.14A 7.5 mgl/kg Fkkkkdokdk 20
Cadmium TMECC 04.12B/04.14A 0.2 mglkg | **F*F* 10
Chromium TMECC 04.12B/04.14A 26.6 mg/kg -
Cobalt TMECC 04.12B/04.14A 6.1 mg/kg -
Copper TMECC 04.128/04.14A 43.1 mglkg | *F*F* 750
Lead TMECC 04.12B/04.14A 38.8 mgl/kg Fhkk 150
Mercury TMECC 04.12B/04.14A 0.04 mgl/kg Fhkk 8
Molybdenum TMECC 04.12B/04.14A 3.3 mglkg | FEFREERRARRAAR 9
Nickel TMECC 04.12B/04.14A 18.9 mglkg  |**F*F* 210
Selenium TMECC 04.12B/04.14A 0.5 mglkg  |**F*F* 18
Zinc TMECC 04.12B/04.14A 153 mgl/kg Fhkk 1400
Pass
Particle Size Distribution TMECC 2.02B&C
inches mm % Passing Inerts % by wt.
3 76.2 100
2 50 100 Total Plastic  0.00
1 25 100 Film Plastic 0.00
3/4 19.1 100 Glass 0.00
5/8 16 100 Metal 0.00
172" 12.5 100 Sharps 0.00
3/8" 9.5 100
1/4" 6.3 100

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 2_003 Date Reported: 10/09/14
Attn: Maninder Chahal Date Sampled: 09/11/14 Laboratory # C14-582
2606 W Pioneer Ave Date Received: 09/17/14 Reveiwed by Brent Thyssen, CPSSc
Puyaallup, WA 98371
253-445-4592 Amount:  $ 147.00
Nutrients
Method As Revd. Dry Wt. Units Low Normal High Typical Range
Moisture 70C 26.0 % Fkkkkkkkkkkkkkkk 15 to 40
Solids 70C 74.0 % Fhedkdedkdeddoddokkkkdok 60 to 85
pH 15 6.6 NA SuU Fdededededekdeokodoiek 5.5t0 8.5
E.C 15 3.64 4.92 mmhos/cm | **FEEFXIIAAA LI I A kALK below 5.0
Total N TMECC 04.02D 1.42 1.92 % Fdededededdekdokododek 1t05
Organic C TMECC 04.01A 14.0 18.9 % Fdededededdekdeokodoiek 18 to 45
Organic Matter TMECC 05.07A 27.4 37.0 % folokokofofakel 40 to 60
ASh 550 C 466 630 % R s e e e e S S S e T e S e T e e e 40 to 60
Ammonium -N TMECC 05.02C 5 7 mglkg  |*** 90 to 450
Nitrate-N TMECC 04.02B 1305.0 1763.0 mg/kg 50 to 250
Chloride TMECC 04.12D 1636 2210 mglkg | FEFIEEARRARRA 500 to 5000
Sulfate-S TMECC 04.12D 284 384 mg/kg
CaCO, TMECC 04.08A 41 56 Ibs/T Fkk ko kkkkddkkkkk 20to 80
Phosphorus TMECC 04.12B/04.14A 0.18 0.24 %
P,0s 0.41 0.55 % Fokkkkkkkk 1to8
Potassium TMECC 04.12B/04.14A 0.97 1.32 %
K,O 1.17 1.58 % okkk 3t012
Calcium TMECC 04.12B/04.14A 1.13 1.5 % Fdedededekdekdekododek 0.510 10
Magnesium TMECC 04.12B/04.14A 0.37 0.50 % Fhdekdekdeokddokdekkkddkiokkhk 0.05t0 0.7
Sodium TMECC 04.12B/04.14A 0.07 0.09 % ************| 0.05t0 0.7
Sulfur TMECC 04.12B/04.14A 0.16 0.22 % Fdedekdekdekddokdok ke 0.1t0 1.0
Boron TMECC 04.12B/04.14A 12.0 16.2 mg/kg ************| 25 to 150
Zinc TMECC 04.12B/04.14A 127 171 mglkg  |FFEAAIARRAAAL 100 to 600
Manganese TMECC 04.12B/04.14A 315 425 mglkg | FFFEAERRRAAAA AR 250 to 750
Copper TMECC 04.12B/04.14A 33 45 mg/kg |*** | 100 to 500
Iron TMECC 04.12B/04.14A 10208 13790 mglkg  |FFFNRARkkddedekkdedkdededokhokdk 1000 to 25000
C/N ratio 10 ratio Fhkk 18 to 24
C/P Ratio 78 ratio fokaokakokel 80 to 140
Ag |ndeX ll ratio FARAAKRAAKAAAAAAAAAXAAdhidhiixiiiik 3to 10
Respiration & Stability
Method Units Low Normal High Normal
CO2 Evolution TMECC 05.08 0.4 mg CO,-Clg OM/day *k 1to7
TMECC 05.08 0.2 mg CO,-C/g TS/day *kkk 0.5t05
TMECC 05.08 0.06 mg NHs-N /kg /day *Ak 10 to 100
Stability Rating Stable

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 2_003 Date Reported: 10/09/14
2606 W Pioneer Ave Date Sampled: 09/11/14 Laboratory # C14-582
Puyaallup, WA 98371 Date Received: 09/17/14 Reveiwed by Brent Thyssen, CPSSc
253-445-4592
Cucumber Bioassay
Method Units Low Normal Normal
Emergence TMECC 05.05A 100 % Feoke Aok ek ek e ek ek ek ek ek ke ke ek 80 to 100
Vigor TMECC 05.05A 92 % Feoke A e ek e A ek ke ke ek ke ke ko 85 to 100
Plant Description Mature
Pathogens
Date Tested 1/0/1900
Method units Low Normal High Normal
Fecal Coliforms TMECC 07.01B Not Tested MPN/g Less than 1000
Salmonella TMECC 07.01c Not Tested MPN/4g Less than 3
ND = None Detected
WAC 173-350-220
Method Dry Wit. Units Low Normal High WAC Limit
Arsenic TMECC 04.12B/04.14A 9.7 mgl/kg Fkkkkdokdk 20
Cadmium TMECC 04.12B/04.14A 0.3 mglkg | **F*F* 10
Chromium TMECC 04.12B/04.14A 21.6 mg/kg -
Cobalt TMECC 04.12B/04.14A 6.4 mg/kg -
Copper TMECC 04.128/04.14A 44.7 mglkg | *F*F* 750
Lead TMECC 04.12B/04.14A 41.2 mgl/kg Fhkk 150
Mercury TMECC 04.12B/04.14A 0.05 mgl/kg Fhkk 8
Molybdenum TMECC 04.12B/04.14A 3.1 mglkg | FEFREERRARRAAR 9
Nickel TMECC 04.12B/04.14A 17.7 mglkg  |**F*F* 210
Selenium TMECC 04.12B/04.14A 0.5 mglkg  |**F*F* 18
Zinc TMECC 04.12B/04.14A 171 mgl/kg Fhkk 1400
Pass
Particle Size Distribution TMECC 2.02B&C
inches mm % Passing Inerts % by wt.
3 76.2 100
2 50 100 Total Plastic  0.00
1 25 100 Film Plastic 0.00
3/4 19.1 100 Glass 0.00
5/8 16 100 Metal 0.00
172" 12.5 100 Sharps 0.00
3/8" 9.5 100
1/4" 6.3 100

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 1_001 Date Reported: 09/16/14
Attn: Maninder Chahal Date Sampled: 08/18/14 Laboratory # C14-531
2606 W Pioneer Ave Date Received: 08/27/14 Reveiwed by Brent Thyssen, CPSSc
Puyaallup, WA 98371
253-445-4592 Amount:  $ 147.00
Nutrients
Method As Revd. Dry Wt. Units Low | Normal High Typical Range
Moisture 70 C 430 % *hhkhhkhkikhkhkikhkhkihhihhihhkiiiikx 15to 40
Solids 70C 57.0 % fokokalokofofakofofakel | 60 to 85
pH 1:5 84 NA SU *hhkkhkkhkkikhkhkihhkiikiikx 55t08.5
E.C 15 2.4 4.21 mmhos/cm | FFFFFFIAKIA K KX below 5.0
Total N TMECC 04.02D 0.96 1.68 % folokakafofakakofofakolofal 1t05
Organic C TMECC 04.01A 11.1 19.4 % folokakaiofakakofofakolofal 18 to 45
Organic Matter TMECC 05.07A 21.3 37.3 % ieiaiaioiaie | 40 to 60
ASh 550 C 358 627 % R s e e e e S S S e T e S e T e e e 40 to 60
Ammonium -N TMECC 05.02C 1155 2025 UCTEC T Eekokakaiofofokofofaiofofataiofofakofofaiafofaiakofofakafofatel 90 to 450
Nitrate-N TMECC 04.02B 18.5 324 mglkg | FEFFAAX | 50 to 250
Chloride TMECC 04.12D 1941 3403 mglkg | FEFFFAIRARRA SRR ARk 500 to 5000
Sulfate-S TMECC 04.12D 100 175 mg/kg |
CaCO, TMECC 04.08A 38 66 Ibs/T Fkk ek dkkkkd ko k ARk k ok dkhk 20to 80
Phosphorus TMECC 04.12B/04.14A 0.18 0.32 %
P,0s 0.42 0.73 % Fokkkkkkkk 1to8
Potassium TMECC 04.12B/04.14A 0.67 1.18 %
K,O 0.81 1.41 % okkk 3to 12
Calcium TMECC 04.12B/04.14A 0.78 1.4 % Fdedededekdekdekododek 0.510 10
Magnesium TMECC 04.12B/04.14A 0.28 0.49 % olokaaiofafakofofakafofaiafofookofofakofofal 0.05t0 0.7
Sodium TMECC 04.12B/04.14A 0.04 0.08 % ************| 0.05t0 0.7
Sulfur TMECC 04.12B/04.14A 0.11 0.20 % Fdedekdekdekddokdok ke 0.1t0 1.0
Boron TMECC 04.12B/04.14A 8.0 14.1 mg/kg ************| 25 to 150
Zinc TMECC 04.12B/04.14A 88 155 mglkg | FEFFFAIRARRAA 100 to 600
Manganese TMECC 04.12B/04.14A 230 403 mglkg [ FEFFFAIRAA R KRR AR RAA 250 to 750
Copper TMECC 04.12B/04.14A 23 41 mglkg  |*** | 100 to 500
Iron TMECC 04.12B/04.14A 7718 13530 mglkg | FEFFFAIRA KR A SRR ARk 1000 to 25000
C/N ratio 12 ratio fokakokaokakekel 18 to 24
C/P Ratio 61 ratio fokaokakokel 80 to 140
Ag |ndex 8 ratio T T R e e e S e S e e e e e e e e e e 3to 10
Respiration & Stability
Method Units Low Normal High Normal
CO2 Evolution TMECC 05.08 2.2 mg CO,-Clg OM/day Fkkddkkkk ko 1to7
TMECC 05.08 1.4 mg CO,-Cl/g TS/day R Tt i 0.5t05
TMECC 05.08 46.1 mg NHs-N /kg /day B R R B T S S e 10 to 100
Stability Rating Stable

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 1_001 Date Reported: 09/16/14
2606 W Pioneer Ave Date Sampled: 08/18/14 Laboratory # C14-531
Puyaallup, WA 98371 Date Received: 08/27/14 Reveiwed by Brent Thyssen, CPSSc
253-445-4592
Cucumber Bioassay
Method Units Low Normal Normal
Emergence TMECC 05.05A 100 % Feoke Aok ek ek e ek ek ek ek ek ke ke ek 80 to 100
Vigor TMECC 05.05A 100 % I 85 to 100
Plant Description Mature
Pathogens
Date Tested 1/0/1900
Method units Low Normal High Normal
Fecal Coliforms TMECC 07.01B Not Tested MPN/g Less than 1000
Salmonella TMECC 07.01c Not Tested MPN/4g Less than 3
ND = None Detected
WAC 173-350-220
Method Dry Wit. Units Low Normal High WAC Limit
Arsenic TMECC 04.12B/04.14A 8.4 mgl/kg Fkkkkdokdk 20
Cadmium TMECC 04.12B/04.14A 0.3 mglkg | **F*F* 10
Chromium TMECC 04.12B/04.14A 21.0 mg/kg -
Cobalt TMECC 04.12B/04.14A 6.4 mg/kg -
Copper TMECC 04.128/04.14A 40.7 mglkg | *F*F* 750
Lead TMECC 04.12B/04.14A 35.1 mgl/kg Fhkk 150
Mercury TMECC 04.12B/04.14A 0.05 mgl/kg Fhkk 8
Molybdenum TMECC 04.12B/04.14A 1.9 mglkg  [FEFIIERRAA 9
Nickel TMECC 04.12B/04.14A 20.6 mglkg  |**F*F* 210
Selenium TMECC 04.12B/04.14A 0.5 mglkg  |**F*F* 18
Zinc TMECC 04.12B/04.14A 155 mgl/kg Fhkk 1400
Pass
Particle Size Distribution TMECC 2.02B&C
inches mm % Passing Inerts % by wt.
3 76.2 100
2 50 100 Total Plastic  0.00
1 25 100 Film Plastic 0.00
3/4 19.1 100 Glass 0.00
5/8 16 100 Metal 0.00
172" 12.5 100 Sharps 0.00
3/8" 9.5 100
1/4" 6.3 95

Sample was received, handled and tested in accordance with TMECC procedures
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Page 1

Client: WSU Product: Compost 1_002 Date Reported: 09/16/14
Attn: Maninder Chahal Date Sampled: 08/18/14 Laboratory # C14-532
2606 W Pioneer Ave Date Received: 08/27/14 Reveiwed by Brent Thyssen, CPSSc
Puyaallup, WA 98371
253-445-4592 Amount:  $ 147.00
Nutrients
Method As Revd. Dry Wt. Units Low | Normal | High Typical Range
Moisture 70 C 455 % *hhkhhkhkikhkhkikhkhkihhihhihhkiiiikx 15to 40
Solids 70C 54.5 % fokokalokofofakofofakel | | 60 to 85
pH 1:5 87 NA SU *hhkhkhkhkikhkhkihhihhihhihhkihhiiiikx 55t08.5
E.C 15 2.22 4.07 mmhos/cm | FFFFFFIAKIA K KX below 5.0
Total N TMECC 04.02D 0.87 1.60 % folokakafofakakofofakolofal 1t05
Organic C TMECC 04.01A 10.4 19.0 % folokakaiofakakofofakolofal 18 to 45
Organic Matter TMECC 05.07A 20.9 38.3 % ieiaiaioiaie | 40 to 60
ASh 550 C 336 617 % R s e e e e S S S e T e S e T e e e 40 to 60
Ammonium -N TMECC 05.02C 1320 2420 UCTEC T Eekokakaiofofokofofaiofofataiofofakofofaiafofaiakofofakafofatel 90 to 450
Nitrate-N TMECC 04.02B 8.0 14.7 mghkg | *** | 50 to 250
Chloride TMECC 04.12D 1777 3258 mglkg | FEFFFAIRARRA SRR ARk 500 to 5000
Sulfate-S TMECC 04.12D 98 180 mg/kg |
CaCO; TMECC 04.08A 47 86 Ibs/T *hhkkhkkdhkhhkkhkkrhrdhkrrhkrk 20to 80
Phosphorus TMECC 04.12B/04.14A 0.17 0.31 %
P,0s 0.39 0.71 % Fokkkkkkkk 1to8
Potassium TMECC 04.12B/04.14A 0.59 1.08 %
K,O 0.71 1.30 % okkk 3to 12
Calcium TMECC 04.12B/04.14A 0.82 1.5 % Fdedededekdekdekododek 0.510 10
Magnesium TMECC 04.12B/04.14A 0.25 0.46 % olokaaiofafakofofakafofaiafofookofofakofofal 0.05t0 0.7
Sodium TMECC 04.12B/04.14A 0.04 0.07 % ************| 0.05t0 0.7
Sulfur TMECC 04.12B/04.14A 0.10 0.18 % Fdedekdekdekddokdok ke 0.1t0 1.0
Boron TMECC 04.12B/04.14A 7.5 13.7 mg/kg ************| 25 to 150
Zinc TMECC 04.12B/04.14A 82 150 mglkg | FEFFFAIRARRAA 100 to 600
Manganese TMECC 04.12B/04.14A 229 420 mglkg [ FEFFFAIRAA R KRR AR RAA 250 to 750
Copper TMECC 04.12B/04.14A 25 46 mglkg  |*** | 100 to 500
Iron TMECC 04.12B/04.14A 7592 13920 mglkg | FEFFFAIRA KR A SRR ARk 1000 to 25000
C/N ratio 12 ratio fokakokaokakekel 18 to 24
C/P Ratio 61 ratio fokaokakokel 80 to 140
Ag |ndex 8 ratio T T R e e e S e S e e e e e e e e e e 3to 10
Respiration & Stability
Method Units Low Normal High Normal
CO2 Evolution TMECC 05.08 2.0 mg CO,-Clg OM/day Fkkddkkkk ko 1to7
TMECC 05.08 1.4 mg CO,-Cl/g TS/day R Tt i 0.5t05
TMECC 05.08 47.1 mg NHs-N /kg /day B R R B T S S e 10 to 100
Stability Rating Stable

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 1_002 Date Reported: 09/16/14
2606 W Pioneer Ave Date Sampled: 08/18/14 Laboratory # C14-532
Puyaallup, WA 98371 Date Received: 08/27/14 Reveiwed by Brent Thyssen, CPSSc
253-445-4592
Cucumber Bioassay
Method Units Low Normal Normal
Emergence TMECC 05.05A 100 % Feoke Aok ek ek e ek ek ek ek ek ke ke ek 80 to 100
Vigor TMECC 05.05A 100 % I 85 to 100
Plant Description Mature
Pathogens
Date Tested 1/0/1900
Method units Low Normal High Normal
Fecal Coliforms TMECC 07.01B Not Tested MPN/g Less than 1000
Salmonella TMECC 07.01c Not Tested MPN/4g Less than 3
ND = None Detected
WAC 173-350-220
Method Dry Wit. Units Low Normal High WAC Limit
Arsenic TMECC 04.12B/04.14A 9.8 mgl/kg Fkkkkdokdk 20
Cadmium TMECC 04.12B/04.14A 0.3 mglkg | **F*F* 10
Chromium TMECC 04.12B/04.14A 22.8 mg/kg -
Cobalt TMECC 04.12B/04.14A 6.9 mg/kg -
Copper TMECC 04.128/04.14A 45.8 mglkg | *F*F* 750
Lead TMECC 04.12B/04.14A 32.6 mgl/kg Fhkk 150
Mercury TMECC 04.12B/04.14A 0.07 mgl/kg Fhkk 8
Molybdenum TMECC 04.12B/04.14A 1.5 mglkg  [FEFIIERRAA 9
Nickel TMECC 04.12B/04.14A 18.8 mglkg  |**F*F* 210
Selenium TMECC 04.12B/04.14A 0.5 mglkg  |**F*F* 18
Zinc TMECC 04.12B/04.14A 150 mgl/kg Fhkk 1400
Pass
Particle Size Distribution TMECC 2.02B&C
inches mm % Passing Inerts % by wt.
3 76.2 100
2 50 100 Total Plastic  0.00
1 25 100 Film Plastic 0.00
3/4 19.1 100 Glass 0.00
5/8 16 100 Metal 0.00
172" 12.5 100 Sharps 0.00
3/8" 9.5 100
1/4" 6.3 97

Sample was received, handled and tested in accordance with TMECC procedures
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2925 Driggs Dr., Moses Lake, Wa 98837 - www.soiltestlab.com
Office: (509)765-1622 - Fax:(509)765-0314 - (800)764-1622
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Client: WSU Product: Compost 1_003 Date Reported: 09/16/14
Attn: Maninder Chahal Date Sampled: 08/18/14 Laboratory # C14-533
2606 W Pioneer Ave Date Received: 08/27/14 Reveiwed by Brent Thyssen, CPSSc
Puyaallup, WA 98371
253-445-4592 Amount:  $ 147.00
Nutrients
Method As Revd. Dry Wt. Units Low | Normal High Typical Range
Moisture 70 C 412 % *hhkhhkhkikhkhkikhkhkihhihhihhkiiiikx 15to 40
Solids 70C 58.8 % fokokalokofofakofofakel | 60 to 85
pH 1:5 81 NA SU *hhkkhkkhkkikhkhkihhkiikiikx 55t08.5
E.C 15 2.71 4.61 mmhos/cm | FFFFFFIAKIA K KX below 5.0
Total N TMECC 04.02D 0.87 1.48 % folokakafofakakofofakolofal 1t05
Organic C TMECC 04.01A 9.7 16.5 % folokakakofofakofokal 18 to 45
Organic Matter TMECC 05.07A 21.5 36.6 % folokokofofakel 40 to 60
ASh 550 C 373 634 % R s e e e e S S S e T e S e T e e e 40 to 60
Ammonium -N TMECC 05.02C 1250 2124 UCTEC T Eekokakaiofofokofofaiofofataiofofakofofaiafofaiakofofakafofatel 90 to 450
Nitrate-N TMECC 04.02B 11.0 18.7 mghkg | *** | 50 to 250
Chloride TMECC 04.12D 1687 2867 mglkg | FEFFFAIRARRA SRR ARk 500 to 5000
Sulfate-S TMECC 04.12D 92 156 mg/kg |
CaCO; TMECC 04.08A 51 86 Ibs/T *hhkkhkkdhkhhkkhkkrhrdhkrrhkrk 20to 80
Phosphorus TMECC 04.12B/04.14A 0.22 0.37 %
P,0s 0.50 0.85 % Fokkkkkkkk 1to8
Potassium TMECC 04.12B/04.14A 0.61 1.04 %
K,O 0.74 1.25 % okkk 3to 12
Calcium TMECC 04.12B/04.14A 0.71 1.2 % Fdedededekdekdekododek 0.510 10
Magnesium TMECC 04.12B/04.14A 0.32 0.54 % olokaaiofafakofofakafofaiafofookofofakofofal 0.05t0 0.7
Sodium TMECC 04.12B/04.14A 0.04 0.07 % ************| 0.05t0 0.7
Sulfur TMECC 04.12B/04.14A 0.10 0.18 % Fdedekdekdekddokdok ke 0.1t0 1.0
Boron TMECC 04.12B/04.14A 7.6 12.9 mg/kg ************| 25 to 150
Zinc TMECC 04.12B/04.14A 78 133 mglkg | FEFFFAIRARRAA 100 to 600
Manganese TMECC 04.12B/04.14A 223 379 mgl/kg Fhkkkkkkhkhk 250 to 750
Copper TMECC 04.12B/04.14A 24 41 mglkg  |*** 100 to 500
Iron TMECC 04.12B/04.14A 7844 13330 mglkg | FEFFFAIRA KR A SRR ARk 1000 to 25000
C/N ratio 11 ratio fokakokaokakekel 18 to 24
C/P Ratio 44 ratio fokaokakokel 80 to 140
Ag |ndex 8 ratio T T R e e e S e S e e e e e e e e e e 3to 10
Respiration & Stability
Method Units Low Normal High Normal
CO2 Evolution TMECC 05.08 2.2 mg CO,-Clg OM/day Fkkddkkkk ko 1to7
TMECC 05.08 1.4 mg CO,-Cl/g TS/day R Tt i 0.5t05
TMECC 05.08 51.5 mg NHs-N /kg /day B R R B T S S e 10 to 100
Stability Rating Stable

Sample was received, handled and tested in accordance with TMECC procedures
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Client: WSU Product: Compost 1_003 Date Reported: 09/16/14
2606 W Pioneer Ave Date Sampled: 08/18/14 Laboratory # C14-533
Puyaallup, WA 98371 Date Received: 08/27/14 Reveiwed by Brent Thyssen, CPSSc
253-445-4592
Cucumber Bioassay
Method Units Low Normal Normal
Emergence TMECC 05.05A 97 % Feke A e e ke Ak ek ek ke ek ke ko 80 to 100
Vigor TMECC 05.05A 91 % Feoke A e ek e A ek ke ke ek ke ke ko 85 to 100
Plant Description Mature
Pathogens
Date Tested 1/0/1900
Method units Low Normal High Normal
Fecal Coliforms TMECC 07.01B Not Tested MPN/g Less than 1000
Salmonella TMECC 07.01c Not Tested MPN/4g Less than 3
ND = None Detected
WAC 173-350-220
Method Dry Wit. Units Low Normal High WAC Limit
Arsenic TMECC 04.12B/04.14A 8.2 mgl/kg Fkkkkdokdk 20
Cadmium TMECC 04.12B/04.14A 0.2 mglkg | **F*F* 10
Chromium TMECC 04.12B/04.14A 26.7 mg/kg -
Cobalt TMECC 04.12B/04.14A 7.3 mg/kg -
Copper TMECC 04.128/04.14A 40.7 mglkg | *F*F* 750
Lead TMECC 04.12B/04.14A 30.7 mgl/kg Fhkk 150
Mercury TMECC 04.12B/04.14A 0.04 mgl/kg Fhkk 8
Molybdenum TMECC 04.12B/04.14A 2.1 mglkg | FEFREERRARRAAR 9
Nickel TMECC 04.12B/04.14A 22.4 mglkg  |**F*F* 210
Selenium TMECC 04.12B/04.14A 0.5 mglkg  |**F*F* 18
Zinc TMECC 04.12B/04.14A 133 mgl/kg Fhkk 1400
Pass
Particle Size Distribution TMECC 2.02B&C
inches mm % Passing Inerts % by wt.
3 76.2 100
2 50 100 Total Plastic  0.00
1 25 100 Film Plastic 0.00
3/4 19.1 100 Glass 0.00
5/8 16 100 Metal 0.00
172" 12.5 100 Sharps 0.00
3/8" 9.5 100
1/4" 6.3 95

Sample was received, handled and tested in accordance with TMECC procedures
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SAMPLE RESULTS-CONVENTIONALS ANALYTICAL

I¥Gll-Washington State University RESOURCES
INCORPORATED
Matrix: Water ' 4 Project: WSU Puyallup LID Research Pr
Data Release Authorized Event: NA
Reported: 04/21/14 Date Sampled: 04/10/14

Date Received: 04/10/14

Client ID: LC14-02-0053
ARI ID: 14-6709 YGlla

Date

Analyte Batch Method Units RL Sample

Nitrate + Nitrite 04/18/14 EPA 353.2 mg—N/L 0.050 3.05
041814#%1

Total Phosphorus 04/10/14 EPA 365.2 mg-P/L 0.080 6.79
04101441

Ortho-Phosphorus 04/11/14 EPA 365.2 mg-P/L 0.080 6.26
0411144#1

Total Kjeldahl Nitrogen 04/15/14 EPA 351.2 mg-N/L 2.0 9.8
041514#1

RL Analytical reporting limit
U Undetected at reported detection limit

Water Sample Report-YGl1l



ANALYTICAL

RESQURCES
INGCORPORATED
INORGANICS ANALYSIS DATA SHEET -
DISSOLVED METALS Sample ID: LC14-02-0053
Page 1 ofl SAMPLE
Lab Sample ID: YG1l1G QC Report No: YGll-Washington State University
LIMS ID: 14-6715 Project: WSU Puyallup LID Research Program
Matrix: Water .
Data Release Authorize Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LOQ pg/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-B Copper 0.16 0.5 i8.4

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-I



ANALYTICAL @
RESOURCES

INCORPORATED
INORGANICS ANALYSIS DATA SHEET
TOTAL METALS Sample ID: LC14-02-0053
Page 1 of 1 SAMPLE ‘
Lab Sample ID: YG1l1A QC Report No: YGll-Washington State University

LIMS ID: 14-6709 Project: WSU Puyallup LID Research Program

Matrix: Water
Data Release Authorized
Reported: 04/21/14

Date Sampled: 04/10/14
Date Received: 04/10/14

Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LOoQ ng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 19.7

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Method Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-I



SAMPLE RESULTS-CONVENTIONALS ANALYTICAL
Y¥Gll-Washington State University RESOURCES
INCORPORATED
Matrix: Water Project: WSU Puyallup LID Research Pr
Data Release Authorized: Event: NA
Reported: 04/21/14 Date Sampled: 04/10/14
Date Received: 04/10/14
Client ID: LC14-02-0054
ARI ID: 14-6710 YG11B
Date
Analyte Batch Method Units RL Sample
Nitrate + Nitrite 04/18/14 EPA 353.2 mg-N/L 0.200 12.2
041814#%1
Total Phosphorus 04/10/14 EPA 365.2 mg-P/L 0.080 5.53
0410144#1 :
Ortho-Phosphorus 04/11/14 EPA 365.2 mg-P/L 0.080 5.00
04111441
Total Kjeldahl Nitrogen 04/15/14 EPA 351.2 mg-N/L 2.0 12
041514#%1

RL Analytical reporting limit
U Undetected at reported detection limit

Water Sample Report-YGll
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ANALYTICAL

RESOURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET .
DISSOLVED METALS Sample ID: LC14-02-0054
Page lofl SAMPLE
Lab Sample ID: YG1l1lH . QC Report No: YGll-Washington State University
LIMS ID: 14-6716 Project: WSU Puyallup LID Research Program
Matrix: Water
Data Release Authorize Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LoQ pg/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8  Copper 0.16 0.5 33.4

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM~-I



ANALYTICAL

RESOURCES

, INCORPORATED
INORGANICS ANALYSIS DATA SHEET .
TOTAL METALS Sample ID: LCl14-02-0054
Page 1 cf1l SAMPLE
Lab Sample ID: ¥YG11B QC Report No: YGll-Washington State University
LIMS ID: 14-6710 ‘ Project: WSU Puyallup LID Research Program
Matrix: Water / A
Data Release Authorize Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LOQ ng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 39.4

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Method Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-1I



SAMPLE RESULTS-CONVENTIONALS

ANALYTICAL
¥Gll-Washington State University RESOURCES
INCORPORATED
Matrix: Water Project: WSU Puyallup LID Research Pr
Data Release Authorized: Event: NA
Reported: 04/21/14 Date Sampled: 04/10/14
Date Received: 04/10/14
Client ID: LC14-02-0055
ARI ID: 14-6711 ¥YG1llC

Date
Analyte Batch Mathod Units RL Sample
Nitrate + Nitrite 04/18/14 EPA 353.2 mg-N/L 0.100 7.29

041814#1
Total Phosphorus 04/10/14 EPA 365.2 mg-P/L 0.080 5.56

041014#1
Ortho-Phosphorus 04/11/14 EPA 365.2 mg-P/L 0.040 4,92

04111441
Total Kjeldahl Nitrogen 04/15/14 EPA 351.2 mg-N/L 2.0 12

041514#1
RL Analytical reporting limit
U Undetected at reported detection limit

Water Sample Report-¥YG1l1l
¥ini i EPsLi



ANALYTICAL

RESOURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET
DISSOLVED METALS Sample ID: IC14-02-0055
Page lofl SAMPLE
Lab Sample ID: YG11lI QC Report No: ¥YGll-Washington State University
LIMS ID: 14-6717 ‘ Project: WSU Puyallup LID Research Program
Matrix: Water ;
Data Release Authorized Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LOQ pg/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 11.1

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer. .

FORM-I



ANALYTICAL

RESQURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET
TOTAL METALS Sample ID: I.C14-02-0055
Page 1 of 1 SAMPLE
Lab Sample ID: YG1l1lC QC Report No: YGll-Washington State University
LIMS ID: 14-6711 Project: WSU Puyallup LID Research Program
Matrix: Water I
Data Release Authorize Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis .
Meth Date Method Date CAS Number Analyte - DL LOQ pg/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 19.8

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Method Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer. )

FORM-I



SAMPLE RESULTS-CONVENTIONALS ‘ ANALYTICAL

¥Gll-Washington State University RESOURCES
INCORPORATED
Matrix: Water ‘ Project: WSU Puyallup LID Research Pr
Data Release Authorized: Event: NA

Reported: 04/21/14 Date Sampled: 04/10/14
. Date Received: 04/10/14

Client ID: LC14-02-0056
ARI ID: 14-6712 ¥Gl11lD

Date

Analyte Batch Method Units RL Sample

Nitrate + Nitrite 04/18/14 EPA 353.2 mg-N/L 0.010 0.133
04181441

Total Phosphorus l 04/10/14 EPA 365.2 mg-P/L 0.080 4.41
041014#%1

Ortho-Phosphorus 04/11/14 EPA 365.2 ng-P/L 0.040 4.13
04111441

Total Kjeldahl Nitrogen 04/16/14 EPA 351.2 mg-N/L 2.5 6.4
0416144#1

RL Analytical reporting limit
U Undetected at reported detection limit

Water Sample Report-YG1ll
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ANALYTICAL

RESOURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET
DISSOLVED METALS Sample ID: LC14-02-0056
Page 1 of1 SAMPLE
Lab Sample ID: YG11Jd QC Report No: YGll-Washington State University
LIMS ID: 14-6718 oy Project: WSU Puyallup LID Research Program
Matrix: Water //
Data Release Authorized . Date Sampled: 04/10/14
Reported: 04/21/14 L// Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LoQ ng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 20.6

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-I



ANALYTICAL

RESQURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET
TOTAL METALS Sample ID: LC14-02-0056
Page 1 of 1l SAMPLE
Lab Sample ID: YG11D QC Report No: YGll-Washington State University
LIMS ID: 14-6712 f Project: WSU Puyallup LID Research Program
Matrix: Water
Data Release Authorized? Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
-Prep Prep Analysis Analysis . ,
Meth Date Method Date CAS Number Analyte DL LOQ ng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 11.5

U-Analyte undetected at given DL
J-BAnalyte detected between DL and -LOQ
DL-Method Detection Limit

Results reported below the LOQ are for statistical purposes only and have not.
been evaluated by either an analyst or data reviewer.

FORM-I
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SAMPLE RESULTS-CONVENTIONALS
¥Gll-Washington State University

ANAETHCAL<§ED
RESCURCES

INCORPORATED
Matrix: Water / Project: WSU Puyallup LID Research Pr
Data Release Authorized Event: NA
Reported: 04/21/14 Date Sampled: 04/10/14
Date Received: 04/10/14
Client ID: LC14-02-0057
ARI ID: 14-6713 ¥YGl1lE
Date
- Analyte Batch Method Units RL Sample
Nitrate + Nitrite 04/18/14 EPA 353.2 mg-N/L 0.010 0.404
041814#1
Total Phosphorus 04/10/14 EPA 365.2 mg-P/L 0.080 3.43
04101441
Ortho-Phosphorus 04/11/14 EPA 365.2 mg-P/L 0.040 2.92
0411144%1
Total Kjeldahl Nitrogen 04/16/14 EPA 351.2 mg-N/L 2.5 9.9
04161441

RL Analytical reporting limit
U Undetected at reported detection limit

Water Sample Report-YGll
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ANALYTICAL

RESOURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET
DISSOLVED METALS Sample ID: LC14-02-0057
Page 1l of 1l SAMPLE
Lab Sample ID: YG1l1K QC Report No: YGll-Washington State University
LIMS ID: 14-6719 Project: WSU Puyallup LID Research Program
Matrix: Watex
Data Release Authorized: Date Sampled: 04/10/14
Reported: 04/21/14 W/ Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LOQ ng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50~8 Copper 0.16 0.5 47.1

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL-Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-~1



ANALYTICAL

RESOURCES
INCORPORATED
INORGANICS ANALYSIS DATA SHEET
TOTAL METALS Sample ID: 1LC14-02~0057
Page 1 of 1 SAMPLE
Lab Sample ID: YG11lE QC Report No: YGil—Washington State University
LIMS ID: 14-6713 Project: WSU Puyallup LID Research Program
Matrix: Water )
Data Release Authorize Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Mathod Date CAS Number Analyte DL LoQ ng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 48.7

U-Analyte undetected at given DL
Jd-Analyte detected between DL and LOQ
DL-Method Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-1I



SAMPLE RESULTS-CONVENTIONALS ANALYTICAL

Y¥Gll~Washington State University RESOURCES
INCORPORATED
Matrix: Water Project: WSU Puyallup LID Research Pr
Data Release Authorized Event: NA
Reported: 04/21/14 Date Sampled: 04/10/14

Date Received: 04/10/14

Client ID: LC14-02-0058
ARI ID: 14-6714 YGl1lF

Date

Analyte Batch Method Units RL Sample

Nitrate + Nitrite 04/18/14 EPA 353.2 mg-N/L 0.100 4.37
04181441

Total Phosphorus 04/10/14 EPA 365.2 mg-P/L 0.080 4.07
04101441

Ortho-Phosphorus 04/11/14 EPA 365.2 ng-P/L 0.040 3.80
0411144%1

Total Kjeldahl Nitrogen 04/15/14 EPA 351.2 mg-N/L 2.0 7.4
04151441

RL Analytical reporting limit
U Undetected at reported detection limit

Water Sample Report-YG1ll

&
b
=
£

wd
1y
ok
fabo
&
i
i
4



ANALYTICAL

RESOURCES

- INCORPORATED
INORGANICS ANALYSIS DATA SHEET
DISSOLVED METALS Sample ID: LC14-02-0058
Page 1 of 1 ) SAMPLE
Lab Sample ID: YG11L QC Report No: YGll-Washington State University
LIMS ID: 14-6720 Project: WSU Puyallup LID Research Program
Matrix: Water «
Data Release Authorized: Date Sampled: 04/10/14
Reported: 04/21/14 ' Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte’ DL LOQ Bng/L Q
200.8 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 13.4

U-Analyte undetected at given DL
J-Analyte detected between DL and LOQ
DL~Detection Limit

Results reported below the LOQ are for statistical purposes only and have not
been evaluated by either an analyst or data reviewer.

FORM-1I



ANALYTICAL

RESOURCES

, INCORPORATED
INORGANICS ANALYSIS DATA SHEET
TOTAL METALS Sample ID: LC14-02-0058
Page 1 o0f1 SAMPLE
Lab Sample ID: YGI11F QC Report No: YGll-Washington State University
LIMS ID: 14-6714 Project: WSU Puyallup LID Research Program
Matrix: Water i
Data Release Authorize Date Sampled: 04/10/14
Reported: 04/21/14 Date Received: 04/10/14
Prep Prep Analysis Analysis
Meth Date Method Date CAS Number Analyte DL LOQ pg/L Q
200.8 - 04/11/14 200.8 04/15/14 7440-50-8 Copper 0.16 0.5 i3.9

U-Analyte undetected at given DL
J~Analyte detected between DL and LOQ
DL-Method Detection Limit

Results reported below the LOQ are for statistical purposes only and have not

been evaluated by either an analyst or data reviewer.

FORM-I
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g I"..____ SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 * (253)2724850 * TFax(253)572-9838 * www.uspectra-lab.com

02/05/2015
WSU Puyallup Research and Extension Center Client ID: Storm 1 Rep 1
Sample Matrix: Water
2606 W Pioneer Date Sampled:  01/21/2015
Puyallup, WA 98371-4998 Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number: 1
Analyte Result Units Method
Copper 0.056 mg/L EPA 200.7
Dissolved Copper 0.040 mg/L EPA 200.7
Nitrate/Nitrite 0.09 mg/L-N Easyl-Reagent
TKN <0.5 mg/L-N SM 4500-N-C
Orthophosphate, as P <0.01 mg/L SM4500-P E
Total Phosphorus <0.01 mg/L SM4500-P E
SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager Page 1of 8
ab/scj



ﬁ

e | SPECTRA Laboratories

2221 Ross Way * Tacoma, WA 98421

02/05/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte

Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

,/’\

Steve Hibbs, Laboratory Manager

ab/scj

Result
0.028
0.020
0.08
<0.5
<0.01

<0.01

(253) 2724850 * Fax(253)572-9838 *® www.spectra-lab.com

Client ID: Storm 1 Rep 2
Sample Matrix: Water

Date Sampled: 01/21/2015
Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number; 2

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 2 of 8



| SPECTRA Laboratories

2221 Ross Way ¢ Tacoma, WA 98421 *® (253)272-4850 * Fax(253)572-9838 * www.spectra-lab.com

02/05/2015
WSU Puyallup Research and Extension Center Client ID: Storm 1 Column 1
Sample Matrix: Water
2606 W Pioneer Date Sampled: 01/21/2015
Puyallup, WA 98371-4998 Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number: 3
Analyte Result Units Method
Copper 0.082 mg/L EPA 200.7
Dissolved Copper 0.078 mg/L EPA 200.7
Nitrate/Nitrite 150 mg/L-N Easyl-Reagent
TKN 40 mg/L-N SM 4500-N-C
Orthophosphate, as P 13 mg/L SM4500-P E
Total Phosphorus 15 mg/L SM4500-P E
SPECTRA LABORATORIES
/—Q'\\

Steve Hibbs, Laboratory Manager Page 30f 8
ab/scj



|

___,l"l | SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421

02/05/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager
ab/scj

Result

0.150

0.115
230
91
20

23

(253) 2724850 * Fax(253)572-9838 * www.spectra-lab.com

Client ID: Storm 1 Column 2
Sample Matrix: Water

Date Sampled: 01/21/2015

Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number: 4

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 4 of 8



h

N SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 ® (253)2724850 *® Fax(253)572-9838 ® www.spectra-lab.com

02/05/2015
WSU Puyallup Research and Extension Center Client ID: Storm 1 Column 3
Sample Matrix: Water
2606 W Pioneer Date Sampled: 01/21/2015
Puyallup, WA 98371-4998 Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number: 5
Analyte Result Units Method
Copper 0.083 mg/L EPA 200.7
Dissolved Copper 0.078 mg/L EPA 200.7
Nitrate/Nitrite 170 mg/L-N Easyl-Reagent
TKN 60 mg/L-N SM 4500-N-C
Orthophosphate, as P 11 mg/L SM4500-P E
Total Phosphorus 13 mg/L SM4500-P E
SPECTRA LABORATORIES
/\

Steve Hibbs, Laboratory Manager Page 50of 8
ab/scj



/| SPECTRA Laboratories

2221 Ross Way *® Tacoma, WA 98421 *® (253)272-4850 * TFax(253)572-9838 * www.spectra-lab.com

02/05/2015
WSU Puyallup Research and Extension Center Client ID: Storm 1 Column 4
Sample Matrix: Water
2606 W Pioneer Date Sampled: 01/21/2015
Puyallup, WA 98371-4998 Date Received: (01/21/2015
Spectra Project: 2015010563
Spectra Number: 6
Analyte Result Units Method
Copper 0.121 mg/L EPA 200.7
Dissolved Copper 0.095 mg/L EPA 200.7
Nitrate/Nitrite 1.0 mg/L-N Easyl-Reagent
TKN 75 mg/L-N SM 4500-N-C
Orthophosphate, as P 36 mg/L SM4500-P E
Total Phosphorus 39 mg/L SM4500-P E
SPECTRA LABORATORIES
A

Steve Hibbs, Laboratory Manager Page 6 of 8
ab/scj
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| SPECTRA Laboratories

2221 Ross Way *® Tacoma, WA 98421 * (253)272-4850 * Fax(253)572-9838 ® www.spectra-lab.com

02/05/2015
WSU Puyallup Research and Extension Center Client ID: Storm 1 Column 5
Sample Matrix: Water
2606 W Pioneer Date Sampled: 01/21/2015
Puyallup, WA 98371-4998 Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number: 7
Analyte Result Units Method
Copper 0.210 mg/L EPA 200.7
Dissolved Copper 0.139 mg/L EPA 200.7
Nitrate/Nitrite 1.1 mg/L-N Easyl-Reagent
TKN 51 mg/L-N SM 4500-N-C
Orthophosphate, as P 41 mg/L SM4500-P E
Total Phosphorus 45 mg/L SM4500-P E
SPECTRA LABORATORIES
..-/_“‘—ﬂ

Steve Hibbs, Laboratory Manager Page 7 of 8
ab/scj



JI SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 * (253)272-4850 * Fax(253)572-9838 * www.spectra-lab.com

02/05/2015
WSU Puyallup Research and Extension Center Client ID: Storm 1 Column 6
Sample Matrix: Water
2606 W Pioneer Date Sampled: 01/21/2015
Puyallup, WA 98371-4998 Date Received: 01/21/2015
Spectra Project: 2015010563
Spectra Number: 8
Analyte Result Units Method
Copper 0.110 mg/L EPA 200.7
Dissolved Copper 0.088 mg/L EPA 200.7
Nitrate/Nitrite 1.0 mg/L-N Easyl-Reagent
TKN 76 mg/L-N SM 4500-N-C
Orthophosphate, as P 37 mg/L SM4500-P E
Total Phosphorus 42 mg/L SM4500-P E
SPECTRA LABORATORIES
/-\

Steve Hibbs, Laboratory Manager Page 8 of 8
ab/scj
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SPECIAL INSTRUCTIONS/COMMENTS:
SPECTRA Laboratories See the ol (attached) CHAIN OF CUSTODY
2221 Ross Way, Tacoma, WA 98421 ' ’ SPECTRA PR
(253) 272-4850 Fax (253) 572-9838 M
WS peEtia;1ah: SOy 1o@spEEia, nlcom Return Samples: Y N Page of STANDARD | X RUSH I:I
‘ W SU - Puy iy ADDRESS
CLIENT: Mcxm“d@' J ADDRESS: olbok () PI oness Ave li! !1 A Q()“P WA G g > CHANGED
PROJECT: HYDROCARBONS ORGANICS METALS OTHER
conTAcT: Maninden Chahal
: 0
SAMPLED BY: M avundea  Chahal i ; g |=
= = Clo ok
PHONE: AS3-H4Y5-4592FAX: E £ P AHEF -
mawinder. Chahqﬂ_@ emagl PrefrFax [ |18 ® Els als - _g S % £
e-MAIL. WIS, -pJﬁ_,. ore-MAIL [ 3] L e e & o 5 2 z 2 3 | = g_tl) 9 2 | = ﬁ
- Q x | T |2 S10|w|L|a i = 2|0 !
PURCHASE ORDER # A HEEHHEAAR AR EHER EERHE ZlLIEIR| |2
DATE TIME ggﬁﬁ%&gg glalele|d ZE %Y Sgggog
SAMPLE iD SAMPLED | sampLep |MATRX 2 = R E |2 (2|2 |2 SRR RIR|R|R HEEIEELE
Storm | Rep | Hs| Bpm l
Stam | Repd  |Yaihs 3 o I
Storm §  Column | [/2ihs 3 IP"M |
Stovw | Column & |/21 15 3{% l
Stokm | Coluwn B 1/“}‘5— 3 P’WL |
Storm | Cofyumy Q| RIS] 3 o i
Stovwn | Coluww 5 Yaujs| 3 P [
Storm | Coluwmn & | VR[S 3;:4,«» l'
LAB USE ONLY SIGNATURE PRINTED NAME COMPANY DATE TIME
Shipped Via:
USMail UPS FedEx Courier Client | FE-NQUISHEDBY @W-y)’ Maninder Chahd sy ,‘/ atis L)"L/B
Shipping Container: RECEIVED BY \ . (f‘l( J/Y].zh % f\d{ld, 63 f / '
Cooler Box Envelope None 4 ) L L.V ﬂ y p ¢ } 2-( 1’\‘; L/L/
RELINQUISHED BY I
Tracking #
Custody Seals: Y N Intact ¥ N RECEIVED BY
Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per menth interest. Customer agrees to pay all costs of collection including reasonable
CoolerTemp. __ SampleTemp.____ |atiorney's fees and all other costs of collection regardless of whether suit is filed in Pierce Co., WA venue. Specira Laboratories, LLC




J I'.\___ SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 (253)272-4850 * Fax(253)572-9838 e www.spectra-lab.com

02/19/2015
WSU Puyallup Research and Extension Center Client ID: Storm 2 Rep 1
Sample Matrix: Water
2606 W Pioneer Date Sampled:  02/04/2015
Puyallup, WA 98371-4998 Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 1
Analyte Result Units Method
Copper 0.016 mg/L EPA 200.7
Dissolved Copper 0.015 mg/L EPA 200.7
Nitrate/Nitrite 0.10 mg/L-N Easyl-Reagent
TKN 0.6 mg/L-N SM 4500-N-C
Orthophosphate, as P <0.01 mg/L SM4500-P E
Total Phosphorus <0.01 mg/L SM4500-P E
SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager Page 1 of 8
ab/scj
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J|_ SPECTRA Laboratories

2221 Ross Way *® Tacoma, WA 98421 (253)272-4850 * Fax (253)572-9838 » www.spectra-lab.com

02/19/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte

Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P
Total Phosphorus

SPECTRA LABORATORIES

/‘\

Steve Hibbs, Laboratory Manager

ab/scj

Result
0.017
0.016
0.10
4.8
<0.01

<0.01

Client ID: Storm 2 Rep 2
Sample Matrix: Water

Date Sampled: 02/04/2015
Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 2

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent

mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E

Page 2 of 8



I
." IL SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 o (253)272-4850 * Fax (253)572-9838 * www.spectra-lab.com

02/19/2015
WSU Puyallup Research and Extension Center Client ID: Column 1 Storm 2
Sample Matrix: Water
2606 W Pioneer Date Sampled:  02/04/2015
Puyallup, WA 98371-4998 Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 3
Analyte Result Units Method
Copper 0.028 mg/L EPA 200.7
Dissolved Copper 0.026 mg/L EPA 200.7
Nitrate/Nitrite 60 mg/L-N Easyl-Reagent
TKN 48 mg/L-N SM 4500-N-C
Orthophosphate, as P 16 mg/L SM4500-P E
Total Phosphorus 18 mg/L SM4500-P E
SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager Page 3 of 8
ab/scj



I
/| SPECTRA Laboratories

02/19/2015

2221 RossWay * Tacoma, WA 98421 o (253)272-4850 ® Fax(253) 5729838 * www.spectra-lab.com

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte

Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

/\‘

Steve Hibbs, Laboratory Manager

ab/scj

Result

0.037

0.035
35
44
16

18

Client ID: Column 2 Storm 2
Sample Matrix: Water

Date Sampled: 02/04/2015

Date Received:  02/04/2015
Spectra Project: 2015020113
Spectra Number: 4

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 40f 8



|

il
JI_SPECTRA Laboratories

2221 RossWay ® Tacoma, WA 98421

02/19/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

/-\,_____

Steve Hibbs, Laboratory Manager

a6/scj

Result

0.027

0.026
37
33
7.9
9.4

(253)272-4850 * Fax (253)572-9838 www.spectra-lab.com

Client ID: Column 3 Storm 2
Sample Matrix: Water

Date Sampled: 02/04/2015

Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 5

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent

mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E

Page 50f 8



| SPECTRA Laboratories

L
_-" \"\.

2221 Ross Way ® Tacoma, WA 98421 e (253)272-4850 * Fax (253) 5729838 » www.spectra-lab.com

02/19/2015
WSU Puyallup Research and Extension Center Client ID: Column 4 Storm 2
Sample Matrix: Water
2606 W Pioneer Date Sampled:  02/04/2015
Puyallup, WA 98371-4998 Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 6
Analyte Result Units Method
Copper 0.036 mg/L EPA 200.7
Dissolved Copper 0.028 mg/L EPA 200.7
Nitrate/Nitrite 0.63 mg/L-N Easyl-Reagent
TKN 46 mg/L-N SM 4500-N-C
Orthophosphate, as P 20 mg/L SM4500-P E
Total Phosphorus 23 mg/L SM4500-P E
SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager Page 6 of 8
ab/scj



l'k___ SPECTRA Laboratories

2221 RossWay ® Tacoma, WA 98421 * (253)272-4850 *® Fax (253) 572-9838 * www.spectra-lab.com

02/19/2015
WSU Puyallup Research and Extension Center Client ID: Column 5 Storm 2
Sample Matrix;: Water
2606 W Pioneer Date Sampled: 02/04/2015
Puyallup, WA 98371-4998 Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 7
Analyte Resuit Units Method
Copper 0.058 mg/L EPA 200.7
Dissolved Copper 0.041 mg/L EPA 200.7
Nitrate/Nitrite 0.62 mg/L-N Easyl-Reagent
TKN 35 mg/L-N SM 4500-N-C
Orthophosphate, as P 18 mg/L SM4500-P E
Total Phosphorus 21 mg/L SM4500-P E
SPECTRA LABORATORIES

/\

Steve Hibbs, Laboratory Manager Page 7 of 8
a6/scj




Ii|

/I SPECTRA Laboratories

02/19/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

T

Steve Hibbs, Laboratory Manager

ab/scj

Result
0.039
0.026
0.68
33
20
22

2221 Ross Way ®  Tacoma, WA Q8421 (253)272-4850 * Fax (253)572-9838 * WWwWw.spectra-lab.com

Client ID: Column 6 Storm 2
Sample Matrix: Water

Date Sampled: 02/04/2015

Date Received: 02/04/2015
Spectra Project: 2015020113
Spectra Number: 8

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent

mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E

Page 8of 8



SPECTRA Laboratories

10

SPECIAL INSTRUCTIONS/COMMENTS:

See o g uote Caw

CHAIN OF CUSTODY

2221 Ross Way, Tacoma, WA 98421 SPECTRA PROJECT #
(253) 272-4850 Fax (253) 572-9838 - -
Www.spectra-lab.com - info@spectra-lab.com Return Samples: Y N Page of STANDARD E RUSH D

ADDRESS
CLIENT: WSU- Pw;.f— ADDRESS: 2 LoL W Plom e Avs, D'*ﬁrﬂiivpj WA ?3 371 CHANGE
4| |
PROJECT: HYDROCARBONS ORGANICS METALS OTHER
CONTACT: Mamnimdeu  Chahal
. %
SAMPLED BY. Mainivider Chednal if " £l [g
T E 25wk
PHONE: 253-H45-4$99 FAX: g £ €| IR N
Mamieler. Chohal @ emagbreier FAX [ 9 o Elg 1€ €L/ % &
e-MAIL WSl ealy or e-MAIL S E ':Jl:l- = Q@ s 2 E 3 2 g 3 D9 2] = i
Q x (L |~ 0o EiE = o8> |= %
PURCHASE ORDER # I E: %E;‘-EE EEEIEIN BHEE SlLlEIRl |2
HBEEEEHHEHEHHBER FERER HEHEERE
r ALt SA?AA;-EED SA-II\—JIAI;III_EED MATRIX| 2 '§— HEHE g €8 3/813/8/8 lele AN E: E 228 3
Stoim2 Rep | Qs| 3. .| weta ]
— I
S toama Rep 2 eS| 3o | Loats.
Colymn! Sloam,2 o2]w)is” 3};..,., Wali
) ]
Calumn2 shpsma 021015 Lpa,. [Wakss
Calvmn3 Shopm o oy 1S '5};»- Wats,
Qo[uw\n 4 S““DM 2 53—\0‘4“5— %0!1#" W
R
Ctlumn S Stoama_ o2 oS z! Wals
[ ~
Ceolumn & Storm uaflp‘}(hf ’L{lj..,. A
LAB USE ONLY SIGNATURR PRINTED NAME COMPANY DATE TIME
Shipped Via: ~
USMall UPS FedEx Courier Client | FELINQUISHEDBY @ )\M‘%—’ Moamimeler Chaly| sy
kY S
Shipping Container: RECEIVED BY Q% mt' ; A\
Cooler Box Envelope None n I e f QQ{Z/
RELINQUISHED BY
Tracking #
Custody Seals:Y N Intact: Y N RECEIVED BY
Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per month interest. Customer 2grees to pay all costs of collection including reasonabie
Cooler Temp. Sample Temp. __ attorney’s fees and all other costs of coliection regardiess of whether suit is filed in Pierce Co., WA venue. Spectra Laboratories, LLC




I’I

) SPECTRA Laboratories

2221 Ross Way

03/03/2015

Tacoma, WA 98421 ® (253) 2724850

WSU Puyallup Research and Extension Center

2606 W Pioneer

Puyallup, WA 98371-4998

ClientID
Storm 3 Rep 1
Storm 3 Rep 1
Storm 3 Rep 1
Storm 3 Rep 1
Storm 3 Rep 1
Storm 3 Rep 1
Storm 3 Rep 2
Storm 3 Rep 2
Storm 3 Rep 2
Storm 3 Rep 2
Storm 3 Rep 2
Storm 3 Rep 2
Column 1 Storm 3
Column 1 Storm 3
Column 1 Storm 3
Column 1 Storm 3
Column 1 Storm 3
Column 1 Storm 3
Column 2 Storm 3
Column 2 Storm 3
Column 2 Storm 3
Column 2 Storm 3
Column 2 Storm 3

Spectra #

Analvte

ok B R L W W W W W W RN N R N RN = — e e e e

SPECTRA LABORATORIES

T

Steve Hibbs, Laboratory Manager

a7/fscj

Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P

® Fax(253)572-0838 * www.spectra-lab.com

Sample Matrix:

Date Sampled:
Date Received:

Spectra Project:

Result

0.029
0.025
0.14
1.0
<0.01
<0.01
0.029
0.027
0.14
6.4
<0.01
<0.01
0.068
0.057
8.1
45
23
10
0.087
0.073
9.7
62
15

Water
02/18/2015

02/18/2015
2015020546

Units Method

mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E
mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E
mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E
mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

Page 1of 3



J SPECTRA Laboratories

03/03/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer

Puyallup, WA 98371-4998

ClientID

Column 2 Storm 3
Column 3 Storm 3
Column 3 Storm 3
Column 3 Storm 3
Column 3 Storm 3
Column 3 Storm 3
Column 3 Storm 3
Column 4 Storm 3
Column 4 Storm 3
Column 4 Storm 3
Column 4 Storm 3
Column 4 Storm 3
Column 4 Storm 3
Column 5 Storm 3
Column 5 Storm 3
Column 5 Storm 3
Column 5 Storm 3
Column 5 Storm 3
Column 5 Storm 3
Column 6 Storm 3
Column 6 Storm 3
Column 6 Storm 3
Column 6 Storm 3

_Spectra #

Analyte

OOOOOOOOHJHJ\I\J\]\IO\O\O\G\O\O\LAMUIU\MM&

SPECTRA LABORATORIES

T

Steve Hibbs, Laboratory Manager

a/scj

Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TEN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN

Sample Matrix:

Date Sampled:
Date Received:
Spectra Project:

Result

17
0.087
0.075

15

35

8.1
9.0
0.074
0.053

21

51

14

15
0.045
0.044

23

53

12

14
0.041
0.040

24

34

Water
02/18/2015

02/18/2015

2015020546

Units
mg/L
mg/L
mg/L
mg/L-N
mg/L-N
mg/L
mg/L
mg/L
mg/L
mg/L-N
mg/L-N
mg/L

Page 2 of 3

2221 RossWay *® Tacoma, WA98421 * (253)272-4850 ® Fax (253) 5729838 ® www.spectra-lab.com

Method

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C

SM4500-P E

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C

SM4500-P E

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C

SM4500-P E

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C



!
/| SPECTRA Laboratories

2221 RossWay *® Tacoma, WA 98421 e (253)272-4850

03/03/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Client ID Spectra # Analyte

Column 6 Storm 3 8 Orthophosphate, as P

Column 6 Storm 3 8 Total Phosphorus
SPECTRA LABORATORIES

/\

Steve Hibbs, Laboratory Manager

a7/scj

® Fax (253)572-0838 o

Sample Matrix:

Date Sampled:
Date Recetved:
Spectra Project:

Result

15
17

Water
02/18/2015

02/18/2015
2015020546

Units

www.spectra-lab.com

Method

mg/L
mg/L

Page 3 of 3

SM4500-P E
SM4500-P E



-

o

SPECIAL INSTRUCTIONS/COMMENTS:
SPECTRA Laboratories ¢ te otrached gote | CHAIN OF CUSTODY
e £
2221 Ross Way, Tacoma, WA 98421 SPECTRA PROJECT #
(253) 272-4850 Fax (253) 572-9838 0[50 {
www.spectra-lab.com info@spectra-lab.com Return Samples: Y N Page of STANDARD | X RUSH
N ADDRESS
CLENT: WSU—~Yuy ADDRESS: 2606 W Pipneer Ave , Puyallup , WA AR>y) cnance
4 \
PROJECT. HYDROCARBONS ORGANICS METALS OTHER
CONTACT: " lavumder  Chahad
o)
SAMPLEDBY: Y] avimder  Chahad ||E o AN
= E 2 5 |e |k
PHONE: AS3 ~Yys UTqoeAx: = £ G|« Z\eix|d
M anmder, ehahal (o) eglbreieriax 1|8 o Elg 29 c 21216 £
e-MAIL: \au o e-MAIL J1 = = 19 <232\ m Jld (a9 0 E 2
I Sl |ElolalZ (3] |S|E|BIE|S| |EIEIEIR| |2|8|2|8] |&
PURCHASE ORDER # 4 HNEHHA R HEEHER B EE glgElR| |2
DATE TIME MATHIX%EEEEJE;%& HEHNREIN HEHE RN HIEEEE
SAMPLE ID SAMPLED | SAMPLED z||Z2|k|&[Z|Z|e|e SIEIEIEIRS FlE|F|F E|F|[F|z|a|a
Storm 3 Lep | 2]18)\8 3y Woalai]
Storm 3 Repa |B)1E1S | D pom |yt
Colurmn ) _cdorm3 [A1V515] oo st
Column 2 23 ‘{’81'5— 9'F"'m Wiatz.
Colamn 3 _stormas [AE[1S] 3 pwionts
C brvan Y Storm 3 ;"“5‘]15’ S‘D‘VV! LDaf.
Cotumm 5 cdrymB [ZF[)ST 3 oma|\als!
Cobumn & shmz | 1)K 3 o [L0aks
LAB USE ONLY SIGNATURE PRINTED NAME COMPANY DATE TIME
Shipped Via: \ L .
USMail UPS FedEx Courier Glient | NELINGUISHEDBY W Maninder Chahad s/ 3‘(\3!15_ §09
Shipping Container: RECEIVED BY A . F i ‘ - r g
Cooler Bm:)p gEn\relope None W}JL- m%le Hh'j- g{)j C__Q/)G\- _/9 ”.? - ‘d’ 50‘1
RELINQUISHED BY )
Tracking #
Custody Seals:Y N Intact: ¥ N RECEIVED BY
Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per month interest. Customer agrees to pay all costs of collection including reasonable
Cooler Temp. Sample Temp.__  |attorney’s fees and all other costs of collection regardiess of whether suilt is filed in Plerce Co., WA venue. Spectra Laboratories, LLC




I SPECTRA Laboratories

03/18/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer

Puyallup, WA 98371-4998

ClientID
Storm 4 Rep 1
Storm 4 Rep 1
Storm 4 Rep 1
Storm 4 Rep 1
Storm 4 Rep 1
Storm 4 Rep 1
Storm 4 Rep 2
Storm 4 Rep 2
Storm 4 Rep 2
Storm 4 Rep 2
Storm 4 Rep 2
Storm 4 Rep 2
Storm 4 Column 1
Storm 4 Column 1
Storm 4 Column 1
Storm 4 Column
Storm 4 Column 1
Storm 4 Column 1
Storm 4 Column 2
Storm 4 Column 2
Storm 4 Column 2
Storm 4 Column 2
Storm 4 Column 2

Spectra #

Analvte

Ahhhhuumumwmwmwmwu—-u.—.—-ﬂ

SPECT ORATORIES
for

Steve Hibbs Laboratory Manager

a7/scj

Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P
Total Phosphorus
Copper
Dissolved Copper
Nitrate/Nitrite
TKN
Orthophosphate, as P

Sample Matrix:
Date Sampled:
Date Received:
Spectra Project:

Result

0.026
0.013
0.08
<0.5
<0.01
<0.01
0.026
0.015
0.08
<0.5
<(0.01
<0.01
0.036
0.023
0.80
17
6.9
8.8
0.039
0.032
0.76
30
g.1

2221 RossWay *® Tacoma,WA98421 * (253)272-4850 * Fax (253) 5729838 * www.spectra-lab.com

Water
03/04/2015
03/04/2015
2015030111
Units Method
mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E
mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E
mg/L EPA 200.7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E
mg/L EPA 200,7
mg/L EPA 200.7
mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

Page 1 of 3



2221 Ross Way

03/18/2015

Tacoma, WA 98421

*  (253)272-4850

WSU Puyallup Research and Extension Center

2606 W Pioneer

Puyallup, WA 98371-4998

Client ID Spectra # Analyte
Storm 4 Coilumn 2 Total Phosphorus
Storm 4 Colummn 3 Copper
Storm 4 Column 3 Dissolved Copper
Storm 4 Column 3 Nitrate/Nitrite
Storm 4 Column 3 TKN

Storm 4 Column 3

Orthophosphate, as P

Storm 4 Column 3 Total Phosphorus
Storm 4 Column 4 Copper
Storm 4 Column 4 Dissolved Copper
Storm 4 Column 4 Nitrate/Nitrite
Storm 4 Column 4 TKN
Storm 4 Column 4 Orthophosphate, as P
Storm 4 Column 4 Total Phosphorus
Storm 4 Column 5 Copper
Storm 4 Column 5 Dissolved Copper
Storm 4 Column 5 Nitrate/Nitrite
Storm 4 Column 5 TKN

Storm 4 Column 5

G0 00 00 00 ~] 1 w1 ] S S O N N G Oy Lh LA WA h b b

Orthophosphate, as P

Storm 4 Column 5 Total Phosphorus
Storm 4 Column 6 Copper
Storm 4 Column 6 Dissolved Copper
Storm 4 Columnn 6 Nitrate/Nitrite
Storm 4 Column 6 TKN

SP LAB TORIES
3 {
Steve Mibbs, Laboratory Manager

a7/sc)

'|_SPECTRA Laboratories

® Fax (253) 572-9838 ¢

Sample Matrix:

Date Sampled:
Date Received:
Spectra Project:

Result

11
0.040
0.026

0.94

23

6.0

8.0
0.022
0.017

38

19

8.0

10
0.028
0.021

4.5

15

6.9
8.8
0.022
0.018
5.0
23

Water
03/04/2015

03/04/2015
2015030111

Units
mg/L
mg/L
mg/L
mg/L-N
mg/L-N
mg/L
mg/L
mg/L
mg/L
mg/L-N
mg/L-N
mg/L
mg/L
mg/L
mg/L
mg/L-N
mg/L-N
mg/L
mg/L.
mg/L
mg/L.
mg/L-N
mg/L-N

Page 2 of 3

www.spectra-lab.com

Method

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C

SM4500-P E

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C

SM4500-P E

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C

SM4500-P E

SM4500-P E
EPA 200.7
EPA 200.7

Easyl-Reagent
SM 4500-N-C



I
/| SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 08421 o

(253) 2724850

03/18/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Client ID Spectra # Analyte

Storm 4 Column 6 8 Orthophosphate, as P

Storm 4 Column 6 8 Total Phosphorus
SPECT

WSRAT%I«ES

Steve Hibbs, Laboratory Manager
al/scj

*  Fax (253)572-9838 *

Sample Matrix: Water
Date Sampled: ~ 03/04/2015
Date Received:  03/04/2015
Spectra Project: 2015030111
Result Units Method
8.3 mg/L SM4500-P E
11 mg/L SM4500-P E

www.spectra-lab.com

Page 30f 3



SPECIAL INSTRUCTIONS/COMMENTS:
SPECTRA Laboratories CHAIN OF CUSTODY
2221 Ross Way, Tacoma, WA 98421 See the ottadad G\Mh’- __ SPECTRA PROJECT#, (
(253) 272-4850 Fax (253) 572-9838 OIS TEO
www.spectra-lab.com - info@spectra-lab.com Return Samples: Y N Page of STANDARD RUSH l:l
i ADDRESS
CLIENT.  WSL—Puy_ ADDRESS: 2464 wo Piomeer Ave, Fu LA AZ3 chancel
PROJECT: HYDROCARBONS ORGANICS METALS OTHER
CONTACT: Mamnmdes. Clhodwol
145]
SAMPLED BY: ™Muoaniimdes Clodald i . LIEl Is
= [+ @ | =
PHONE.(253(4Ys - 4SITFAX; 5 g Sl< 58|22
H " o) Prefer FAX [ | || Q@ s 2¢ (2|2 s E
’_'ma/n.l"wob/\- Y —! (1O Q [0} 8 nl wl|lm|X|= B
e erailaosialazeer Bs o) |8\ | BE| 12]8(3|2(8] [£121212] [2]5]. ]3] |3
PURCHASE ORDER # Gz égggg MHEEEE BHEER EEEE R
DATE | TIME H BHEEE R HEHE R HEEIEIR HEHEEE
SSEEES sampLeD | sampep [MATRXIZ (| 2 1B (GBI [2 |28 | [d]S|S|18] [R(el8|e) |ZIRIR|ZI2]8
1| Stoam Y Aeb) Bla)is| 3pw | voddey \
2| Stosam Y 2eb2  |H4)is] 3 pm |wwoh| |
Stum Y Cofumm] [3411S] 3 Pm | ||
ShamY Cedumn 2 |314]1s] 3P |uile. | |
5 S*DA«ML, L-u‘PumnB 3["1!’-? BFW weks. | |
6| Stvgwm Y Qufipant 3] 4l1s] 3 P | uoge] |
7] Stogmy Cohumm S | 3faps| 3pm juodtii | |
8| SToAmY Cpboum & 3julis | 3 pw ey |
LAB USE ONLY SIGNATURE PRINTED NAME COMPANY DATE TIME
Shipped Via: - "
USMall UPS FedEx Gourier Glient | PELINQUISHEDBY @ M Monmder thaval | LISL 5!4{), c (& J'Df”?
Shipping Gontainar: RECEIVED BY AN B / .
Godler Box. Emielops Nons Naree Kol MM&L@M%
RELINQUISHED BY /V
Tracking # 7
Custody Seals: Y N Infact: Y N RECEIVED BY
Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per month interest. Customer agrees to pay all costs of collection including reasonable
CoolerTemp. _____ Sample Temp._____ |attorney’s fees and all other costs of collection regardiess of whether suit is filed In Plerce Co., WA venue. Spectra Laboratories, LLC




|

03/31/2015

I".____SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998
Attn: Maninder Chahal

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

N

Steve Hibbs, Laboratory Manager

ab/scj

Result
0.026
0.022
0.11
0.9
<0.01

<0.01

(253) 272-4850 * Fax(253)572-9838 * www.spectra-lab.com

Client ID: Storm 5 Rep 1
Sample Matrix: Water

Date Sampled: 03/18/2015
Date Received:  03/18/2015
Spectra Project: 2015030505
Spectra Number: 1

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent

mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E

Page 10of 10



: | l'Lh SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 ® (253)272-4850 *® Fax(253)572-9838 * www.spectra-lab.com

03/31/2015
WSU Puyallup Research and Extension Center Client ID: Storm 5 Rep 2
Sample Matrix: Water
2606 W Pioneer Date Sampled: 03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 2
Analyte Result Units Method
Copper 0.025 mg/L EPA 200.7
Dissolved Copper 0.020 mg/L EPA 200.7
Nitrate/Nitrite 0.10 mg/L-N Easyl-Reagent
TKN 1.3 mg/L-N SM 4500-N-C
Orthophosphate, as P <0.01 mg/L SM4500-P E
Total Phosphorus <0.01 mg/L SM4500-P E
SPECTRA LABORATORIES

~—

Steve Hibbs, Laboratory Manager Page 2 of 10
ab/scj




|
!'-\__ SPECTRA Laboratories

2221 RossWay ® Tacoma, WA 98421 ® (253)272-4850 * Fax(253)572-9838 * www.spectra-lab.com

03/31/2015
WSU Puyaltup Research and Extension Center Client ID: Storm 5 Column 1
Sample Matrix: Water
2606 W Pioneer Date Sampled: 03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 3
Analyte Result Units Method
Copper 0.028 mg/L EPA 200.7
Dissolved Copper 0.028 mg/L EPA 200.7
Nitrate/Nitrite 0.17 mg/L-N Easyl-Reagent
TKN 19 mg/L-N SM 4500-N-C
Orthophosphate, as P 7.3 mg/L SM4500-P E
Total Phosphorus 8.9 mg/L SM4500-P E
SPECTRA LABORATORIES
/\

Steve Hibbs, Labamtory Manager Page 3 of 10
a6/scj



|
| SPECTRA Laboratories

2221 Ross Way ¢ Tacoma, WA 98421 *® (253)272-4850 * Fax(253)572-9838 ® www.spectra-lab.com

03/31/2015
WSU Puyallup Research and Extension Center Client ID: Storm 5 Column 2
Sample Matrix: Water
2606 W Pioneer Date Sampled: 03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 4
Analyte Result Units Method
Copper 0.030 mg/L EPA 200.7
Dissolved Copper 0.029 mg/L EPA 200.7
Nitrate/Nitrite 0.13 mg/L-N Easyl-Reagent
TKN 22 mg/L-N SM 4500-N-C
Orthophosphate, as P 7.8 mg/L SM4500-P E
Total Phosphorus 9.6 mg/L SM4500-P E
SPECTRA LABORATORIES
/\

Steve Hibbs, Lal‘)oratory Manager Page 4 of 10
aé/scj



J | SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421

03/31/2015

(253)272-4850 * Fax (253)572-9838 ® www.spectra-lab.com

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998
Attn: Maninder Chahal

Analyte

Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES
/\

Steve Hibbs, Labor‘atory Manager
ab/scj

Result
0.036
0.033
0.13
26
4.7

6.1

Client ID: Storm 5 Column 3
Sample Matrix: Water

Date Sampled:  03/18/2015

Date Received: 03/18/2015
Spectra Project: 2015030505
Spectra Number: 5

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 5 of 10



|

/| SPECTRA Laboratories

2221 Ross Way *® Tacoma, WA98421 *® (253)272-4850 * Tax(253)5729838 ® www.spectra-lab.com

03/31/2015
WSU Puyallup Research and Extension Center Client ID: Storm 5 Column 4
Sample Matrix: Water
2606 W Pioneer Date Sampled:  03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 6
Analyte Result Units Method
Copper 0.019 mg/L EPA 200.7
Dissolved Copper 0.017 mg/L EPA 200.7
Nitrate/Nitrite 0.66 mg/L-N Easyl-Reagent
TKN 19 mg/L-N SM 4500-N-C
Orthophosphate, as P 73 mg/L SM4500-P E
Total Phosphorus 9.0 mg/L SM4500-P E
SPECTRA LABORATORIES
/—L—\

Steve Hibbs, Laboratory Manager Page 6 of 10
ab/scj



.fl l'&_ SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 ® (253)272-4850 * Fax(253)572-9838 *® wwwgspectra-lab.com

03/31/2015
WSU Puyallup Research and Extension Center Client ID: Storm 5 Column 5
Sample Matrix: Water
2606 W Pioneer Date Sampled: 03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 7
Analyte Result Units Method
Copper 0.023 mg/L EPA 200.7
Dissolved Copper 0.021 mg/L EPA 200.7
Nitrate/Nitrite 0.97 mg/L-N Easyl-Reagent
TKN 12 mg/L-N SM 4500-N-C
Orthophosphate, as P 5.0 mg/L SM4500-P E
Total Phosphorus 6.3 mg/L SM4500-P E
SPECTRA LABORATORIES

—

Steve Hibbs, Laboratory Manager Page 7 of 10
ab/scj




| SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421

03/31/2015

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998
Attn: Maninder Chahal

Analyte

Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES
/\

Steve Hibbs, Labo‘ratory Manager
ab/scj

Result

0.017

0.016
1.3
16
7.6

9.4

(253)272-4850 * Fax(253)572-9838 * www.spectra-lab.com

Client ID: Storm 5 Column 6
Sample Matrix: Water

Date Sampled: 03/18/2015

Date Received: 03/18/2015
Spectra Project: 2015030505
Spectra Number: 8

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 8 of 10



I

i 'SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 ® (253)272-4850 ® Fax(253)572-9838 * www.spectra-lab.com

03/31/2015
WSU Puyallup Research and Extension Center Client ID: Cu Stock Solution 1
Sample Matrix: Water
2606 W Pioneer Date Sampled: 03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 9
Analyte Result Units Method
Copper 13.3 mg/L EPA 200.7
Dissolved Copper 12.7 mg/L EPA 200.7
SPECTRA LABORATORIES
T e

Steve Hibbs, Labo‘ratory Manager Page 9 of 10
a6/scj



I
/| SPECTRA Laboratories

2221 Ross Way * Tacoma, WA98421 ® (253)272-4850 * Fax(253)572-9838 * www.spectra-lab.com

03/31/2015
WSU Puyallup Research and Extension Center Client ID: Cu Stock Solution 2
Sample Matrix: Water
2606 W Pioneer Date Sampled: 03/18/2015
Puyallup, WA 98371-4998 Date Received: 03/18/2015
Attn: Maninder Chahal Spectra Project: 2015030505
Spectra Number: 10
Analyte Result Units Method
Copper 13.2 mg/L EPA 200.7
Dissolved Copper 12.1 mg/L EPA 200.7
SPECTRA LABORATORIES
(_\

Steve Hibbs, Laboratory Manager Page 10 of 10
ab/scj
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SPECIAL INSTRUCTIONS/GOMMENTS; _ .
. SAMPSEe | - A015030505
SPECTRA Laboratories See the ottachad guete CHAIN OF CUSTODY
2221 Ross Way, Tacoma, WA 98421 SRM?\&S‘%Q ___—_ﬁ;l SPECTRA PROJECT #
(253) 272-4850 Fax (253) 572-9838 wa\@w——
www.spectra-lab.com - info@spectra-lab.com Return Samples: Y N Page of STANDARD | X| RUSH
ADDRESS
CLENT: WSV -Puy ADDRESS: Z. 606 3  Pioneer Ave, ?wamuup WA A8 DT cHanae
PROJECT: HYDROCARBONS ORGANICS METALS OTHER
CONTACT: Mlaminder Chahal
(/]
SAMPLED BY: Paninder Chabal i N gl |g
o = G |elk
PHONE:(253) 445 -4S9aFAX: = T G < AVIEF
iaminder. Chahal @ Preter FAX [ || 8 o Els S E 22 £
e-MAIL: wnaile et edu or e-MAIL wllal |Z Z |9 HHHEEIR EIEIEIEIE D | (@
ol |ElolslElz| |218]2|E12| |E|G|EIE|DE|E|z|8] |8
PURCHASE ORDER # szl (212121818 |ziZ|g|2igl 5121|445 |%15|5| |a
: T Y RV R R R A s g2 g2 g HEINR 2|C(@a|a =]
SAMPLE ID P ve [LenlSIEIBIEIEEIRI13] 18]8|5I8|8] |BIEIZB Xz |R|5(5(8|2
- SAMPLED | SAMPLED z2|B|E|Z|3|2|¢ SEIEIEIES elEIR[E z|R|E|7|a|®
Stown 5 vep | 3hghs| Bpw |weten | |
Ctovwm § rep A 3[18/i5 | 3 prn | woadea] |
1
Stoom 5 Columnl [3[ig]15 | 2 pon | tyghaal |
1
Srowmm 5 Column & 3]t | 3 prae | ot !
Stovm 5 Column 3 |3)18[15 2 prae | watia| |
Storm & C.azth\MmLi 3,'5“5 3|_}vu woakia |
Stom 5 Codumn 5 3iglis | 3pw | ot
Storm 5 Coluwn 6 |3liglis | 2 prn [nden | |
cu Stock solutun | [2)€)S | Bpwn |wade) | XX
Cu sk Sofutin@ 2N8NS| 2pw loudh 1 Y| IX
LABUSEONLY ° ' SIGNATURE PRINTED NAME COMPANY DATE e
Shipped Via: 4
USMail UPS Fed Ex Gourler Client | MELINQUISHEDBY J@%P)'jg‘ Manivder. Crahel | WO g U EIE L
Shipping Cantainar: REGEIVED BY n ' f
Cooler Bt:n:JIJ fEnvelop; None { QEV/ H f{,:}, b M/nm 'd{:"'/ W 3/} 6 4«_20
RELINQUISHED BY / /
Tracking #
Custody Seals:Y N Intact ¥ N REGEIVED BY
Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per month interest. Customer agrees to pay all costs of collection including reasonable
CoolerTemp. ___ Sample Temp. ___ attorney's fees and all other costs of collection regardiess of whether suit is filed in Pierce Co., WA venue. Specira Laboratories, LLC
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JI SPECTRA Laboratories

2221 Ross Way ¢ Tacoma, WA 98421 ® (253)272-4850 ® Fax (253) 5729838 * www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Rep 1
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 1
Analyte Result Units Method
Copper 0.060 mg/L EPA 200.7
Dissolved Copper 0.044 mg/L EPA 200.7
Nitrate/Nitrite 0.09 mg/L-N Easyl-Reagent
TKN <0.5 mg/L-N SM 4500-N-C
Orthophosphate, as P <0.01 mg/L SM4500-P E
Total Phosphorus <0.01 mg/L SM4500-P E
SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager Page 10of 8
ab/sej
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2221 Ross Way ¢ Tacoma, WA 98421

04/09/2015

l'a\__ SPECTRA Laboratories

®  (253)272-4850 * Fax (253)572-9838 @ www.spectra-lab.com

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

/\\

Steve Hibbs, Labc;ratory Manager

ab/scj

0.052
0.040
0.09
<0.5
<0.01

<0.01

Client ID: Storm 6 Rep 2
Sample Matrix: Water

Date Sampled: 04/01/2015
Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 2

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 2 of 8
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JI_SPECTRA Laboratories

2221 Ross Way *® Tacoma, WA 98421 * (253)272-4850 * Fax(253)572-9838 www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Column 1
Sample Matrix: Water
2606 W Pioneer Date Sampled:  04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 3
Analyte Result Units Method
Copper 0.035 mg/L EPA 200.7
Dissolved Copper 0.026 mg/L EPA 200.7
Nitrate/Nitrite 0.17 mg/L-N Easyl-Reagent
TKN 20 mg/L-N SM 4500-N-C
Orthophosphate, as P 55 mg/L SM4500-P E
Total Phosphorus 6.5 mg/L SM4500-P E
SPECTRA LABORATORIES
/\

Steve Hibbs, Labo}atory Manager Page 30f8
ab/scj
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JI_SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 * (253)2724850 *® Fax (253) 5729838 * www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Column 2
Sample Matrix: Water
2606 W Pioneer Date Sampled:  04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 4
Analyte Result Units Method
Copper 0.026 mg/L EPA 200.7
Dissolved Copper 0.026 mg/L EPA 200.7
Nitrate/Nitrite <0.10 mg/L-N Easyl-Reagent
TKN 17 mg/L-N SM 4500-N-C
Orthophosphate, as P 6.8 mg/L SM4500-P E
Total Phosphorus 7.6 mg/L SM4500-P E
SPECTRA LABORATORIES
—

Steve Hibbs, Labor\atory Manager Page 4 of 8
ab/scj
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/| SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 ® (253)272-4850 ® TFax (233) 5729838 * www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Column 3
Sample Matrix: Water
2606 W Pioneer Date Sampled:  04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 5
Analyte Result Units Method
Copper 0.036 mg/L EPA 200.7
Dissolved Copper 0.033 mg/L EPA 200.7
Nitrate/Nitrite 0.14 mg/L-N Easyl-Reagent
TKN 13 mg/L-N SM 4500-N-C
Orthophosphate, as P 4.8 mg/L SM4500-P E
Total Phosphorus 5.5 mg/L SM4500-P E
SPECTRA LABORATORIES
A

Steve Hibbs, Laboratory Manager Page 5 of 8
ab/scj



;'II _ SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 * (253)2724850 * Fax (253)572-9838 o www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Column 4
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 6
Analyte Result Units Method
Copper 0.018 mg/L EPA 200.7
Dissolved Copper 0.016 mg/L EPA 200.7
Nitrate/Nitrite 0.33 mg/L-N Easyl-Reagent
TKN 8.3 mg/L-N SM 4500-N-C
Orthophosphate, as P 6.0 mg/L SM4500-P E
Total Phosphorus 6.9 mg/L SM4500-P E
SPECTRA LABORATORIES
/R

Steve Hibbs, Laboratory Manager Page 6 of 8
ab/scj



J)\_SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA 98421 * (253)2724850 ® Fax (253) 572-9838 * www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Column 5
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 7
Analyte Result Units Method
Copper 0.030 mg/L EPA 200.7
Dissolved Copper 0.022 mg/L EPA 200.7
Nitrate/Nitrite 0.55 mg/L-N Easyl-Reagent
TKN 7.0 mg/L-N SM 4500-N-C
Orthophosphate, as P 4.3 mg/L SM4500-P E
Total Phosphorus 5.1 mg/L SM4500-P E
SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager Page 7 of 8
ab/scj
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/| SPECTRA Laboratories

2221 Ross Way ® Tacoma, WA98421 ® (253)272-4850 *® Fax(253)572-9838 ¢ www.spectra-lab.com

04/09/2015
WSU Puyallup Research and Extension Center Client ID: Storm 6 Column 6
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/01/2015
Puyallup, WA 98371-4998 Date Received: 04/01/2015
Spectra Project: 2015040027
Spectra Number: 8
Analyte Result Units Method
Copper 0.019 mg/L EPA 200.7
Dissolved Copper 0.015 mg/L EPA 200.7
Nitrate/Nitrite 0.50 mg/L-N Easyl-Reagent
TKN 9.2 mg/L-N SM 4500-N-C
Orthophosphate, as P 6.0 mg/L SM4500-P E
Total Phosphorus 6.9 mg/L SM4500-P E
SPECTRA LABORATORIES
r—’—'\\\

Steve Hibbs, Laboratory Manager Page 80of 8
ab/scj
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SPECIAL INSTRUCTIONS/COMMENTS: -
SPECTRA Laboratories Gee ‘e oirached quote CHAIN OF CUSTODY
2221 Ross Way, Tacoma, WA 98421 PECTRA PROJECT
(253) 272-4850 Fax (253) 572-9838 . '”ZOISS‘DL?OD’Z/
wiElNispecR O RICEpECEE o Return Samples: Y N Page of STANDARD | x| RUSH
. ADDRESS
CLEENT. W5V ~Puy ADDRESS: 2406 W Plomeer Ave s Puyallup, WA e 37| CHANGE
PROJECT: HYDROCARBONS ORGANICS METALS OTHER
CONTACT: Marumder Chahal
[4a)
SAMPLED BY: Manimnder Chaolhaf E " ARG
T = 25| |k
PHONE: (253)445 4592 FAX. £ T 3| Elilz(2 ~
manimder. Chohat @email, PreferFAX [ ] 3 o Slg o= p g’ Z2|a i
e-MAIL. e or s-MAIL N E x Z |9 g 2 =ls Q 3|3 g g 0|, = g
&) ®x [T | = YSlo|lo|n|g =l < |G =
PURCHASE ORDER # il HHHEAERBEEEER BEEE gLsz“EE e
DATE TIME 5%55%;33 HEEHEER HEEIE ég%gog
SAMPLE ID sAMPLED | sampLeD |[MATRXIZ2 12| B |G[Z |2 |2 |¢ RIS eIR[R|E E(RI2|2|2|82
Stoim &6 Reb | %!rllg Do |uwal ||
Stoam 6 Repa  [4hig| 3om |osobal
StoAm & Cpfumn] [HNNIT) 2 g [Loaka |1
Stoim 6 C_bﬂuwmg. L) g '3?,,“ wolia | ]
Steam b column3 | ublig wa wade. [}
Ltpimd Cnﬁuwmq Y ,‘”'7_ 'Z?\m wabi {1
Chomb Colwmns | U s 3w [wi )
stoam & Coluwn ¢ | H]ps 3 o ks | |
LAB USE ONLY SIGNATURE PRINTED NAME COMPANY DATE TIME
Shipped Via: . .
USMal UPS FodEx Gourier Client | RELINQUISHEDBY @M\ Manmder Chahal wsU G 4/)#06947
Shipping Container: RECEIVED BY Y : '
Cooler Box. I'Envelope None w/ a3y, [%}1 r NaRIE HOLT C—g@ y 9‘/ AN ‘/4{0"9‘2
RELINQUISHED BY
Tracking #
Custody Seals:Y N Intact: Y N RECEIVED BY
Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per month interest. Customer agrees to pay all cosis of collection including reasonable
Cooler Temp. Sample Temp.____ |attorney’s fees and all other costs of collection regardless of whether suit is filed in Pierce Co., WA venus. Specira Laboratories, LLC




/| SPECTRA Laboratories

2221 RossWay ® Tacoma, WA 98421 ® (253)2724850 ® Fax (253)572-9838 * www.spectra-lab.com

04/29/2015
WSU Puyallup Research and Extension Center Client ID: Storm 7 Rep 1
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/15/2015
Puyallup, WA 98371-4998 Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 1
Analyte Result Units Method
Copper 0.070 mg/L EPA 200.7
Dissolved Copper 0.048 mg/L EPA 200.7
Nitrate/Nitrite 0.09 mg/L-N Easyl-Reagent
TKN 0.9 mg/L-N SM 4500-N-C
Orthophosphate, as P <0.01 mg/L SM4500-P E
Total Phosphorus <0.01 mg/L SM4500-P E
SPECTRA LABORATORIES

—__

Steve Hibbs, Laborﬁtory Manager Page 1of 8
ab/scj
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.u'll ".,_ SPECTRA Laboratories

2221 Ross Way *® Tacoma, WA 98421 * (253)272-4850 ® Fax (253) 5729838 * www.spectra-lab.com

04/29/2015
WSU Puyallup Research and Extension Center Client ID: Storm 7 Rep 2
Sample Matrix: Water
2606 W Pioneer Date Sampled:  04/15/2015
Puyallup, WA 98371-4998 Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 2
Analyte Result Units Method
Copper 0.070 mg/L EPA 200.7
Dissolved Copper 0.053 mg/L EPA 200.7
Nitrate/Nitrite 0.10 mg/L-N Easyl-Reagent
TKN <0.5 mg/L-N SM 4500-N-C
Orthophosphate, as P <0.01 mg/L SM4500-P E
Total Phosphorus <0.01 mg/L SM4500-P E
SPECTRA LABORATORIES
/‘H

Steve Hibbs, Laboratory Manager Page 2 of 8
ab/scj
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2221 Ross Way ® Tacoma, WA 98421

04/29/2015

Il
/| SPECTRA Laboratories

® (253)272-4850 * Fax(253)572-9838 » www.spectra-lab.com

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

Steve Hibbs, Laboratory Manager

ab/scj

Result
0.040
0.033
0.14
9.1
3.1
4.3

Client ID: Storm 7 Column 1
Sample Matrix: Water

Date Sampled: 04/15/2015

Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 3

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent

mg/L-N SM 4500-N-C
mg/L SM4500-P E
mg/L SM4500-P E

Page 3 of 8
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,"I H'.___SPECTRA Laboratories

2221 RossWay ® Tacoma, WA98421 *® (253)2724850 * Fax(253)572-9838 e www.spectra-lab.com

04/29/2015
WSU Puyallup Research and Extension Center Client ID: Storm 7 Column 2
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/15/2015
Puyallup, WA 98371-4998 Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 4
Analyte Result Units Method
Copper 0.037 mg/L EPA 200.7
Dissolved Copper 0.028 mg/L EPA 200.7
Nitrate/Nitrite <0.10 mg/L-N Easyl-Reagent
TKN 16 mg/L-N SM 4500-N-C
Orthophosphate, as P 4.7 mg/L SM4500-P E
Total Phosphorus 6.3 mg/L SM4500-P E
SPECTRA LABORATORIES
Pl S,

Steve Hibbs, Laboratory Manager Page 4 of 8
ab/scj
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~ JI SPECTRA Laboratories

2221 Ross Way *  Tacoma, WA 98421

04/29/2015

* (253)272-4850 * Fax(253)572-9838 » www.spectra-lab.com

WSU Puyallup Research and Extension Center

2606 W Pioneer
Puyallup, WA 98371-4998

Analyte
Copper

Dissolved Copper
Nitrate/Nitrite

TKN
Orthophosphate, as P

Total Phosphorus

SPECTRA LABORATORIES

TN

Steve Hibbs, Laboratory Manager

ab/scj

Result
0.050
0.049
0.15
21
39
5.4

Client ID: Storm 7 Column 3
Sample Matrix: Water

Date Sampled: 04/15/2015

Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 5

Units Method
mg/L EPA 200.7
mg/L EPA 200.7

mg/L-N Easyl-Reagent
mg/L-N SM 4500-N-C
mg/L SM4500-P E

mg/L SM4500-P E

Page 50f 8
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_ SPECTRA Laboratories

2221 RossWay * Tacoma, WA 98421 * (253)2724850 *® Fax (253)572-9838 ¢ www.spectra-lab.com

04/29/2015
WSU Puyallup Research and Extension Center Client ID: Storm 7 Column 4
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/15/2015
Puyallup, WA 98371-4998 Date Received:  04/15/2015
Spectra Project: 2015040381
Spectra Number: 6
Analyte Result Units Method
Copper 0.038 mg/L EPA 200.7
Dissolved Copper 0.030 mg/L EPA 200.7
Nitrate/Nitrite 0.35 mg/L-N Easyl-Reagent
TKN 8.6 mg/L-N SM 4500-N-C
Orthophosphate, as P 4.4 mg/L SM4500-P E
Total Phosphorus 6.0 mg/L SM4500-P E
SPECTRA LABORATORIES
. A

Steve Hibbs, Laboratory Manager Page 6 of 8
a6/scj



/| SPECTRA Laboratories

2221 RossWay ® Tacoma, WA 98421 * (253)272-4850 ® Fax (253) 5729838 * www.spectra-lab.com

04/29/2015
WSU Puyallup Research and Extension Center Client ID: Storm 7 Column 5
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/15/2015
Puyallup, WA 98371-4998 Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 7
Analyte Result Units Method
Copper 0.033 mg/L EPA 200.7
Dissolved Copper 0.026 mg/L EPA 200.7
Nitrate/Nitrite 0.81 mg/L-N Easyl-Reagent
TKN 14 mg/L-N SM 4500-N-C
Orthophosphate, as P 4.7 mg/L SM4500-P E
Total Phosphorus 6.3 mg/L SM4500-P E
SPECTRA LABORATORIES
—~—

Steve Hibbs, Laboratory Manager Page 7 of 8
ab/scj
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/I SPECTRA Laboratories

2221 RossWay *® Tacoma, WA 98421 * (253)272-4850 * Fax(253)572-9838 * www.spectra-lab.com

04/29/2015
WSU Puyallup Research and Extension Center Client ID: Storm 7 Column 6
Sample Matrix: Water
2606 W Pioneer Date Sampled: 04/15/2015
Puyallup, WA 98371-4998 Date Received: 04/15/2015
Spectra Project: 2015040381
Spectra Number: 8
Analyte Result Units Method
Copper 0.029 mg/L EPA 200.7
Dissolved Copper 0.021 mg/L EPA 200.7
Nitrate/Nitrite 0.59 mg/L-N Easyl-Reagent
TKN 11 mg/L-N SM 4500-N-C
Orthophosphate, as P 5.0 mg/L SM4500-P E
Total Phosphorus 6.5 mg/L SM4500-P E
SPECTRA LABORATORIES
/\

Steve Hibbs, Labc;ratory Manager Page 8 0of 8
at/scj



SPECIAL INSTRUCTIONS/COMMENTS:

J\SPECTRA Laboratories CHAIN OF CUSTODY

S_Q_g, ‘b’d" Qﬂ-m %M'Dsb' 4 SPECTRA PROJECT #

ZOISDLOREC]
STANDARD

2221 Ross Way, Tacoma, WA 98421
(253) 272-4850 Fax (253) 572-9838
www.spectra-lab.com info@spectra-lab.com

of

—_

10

Return Samples: Y N

Page

X| RUSH| |

CLIENT:

ADDRESS:

ADDRESS
CHANGE

WeL -Puuj,
]
PROJECT:

CONTACT: Dlanimder, Chahal

SAMPLED BY: ™ anividsr.  Chahal

PHONE: (253)44S-Ls9aFAx.

o-MAIL: ﬂnamtmol.u;. (‘Jﬂ\a)\a.ﬂ-ﬁ

Prefer FAX
or e-MAIL

L]
|

PURCHASE ORDER #

DATE

SAMPLE ID SAMPLED

TIME

SAMPLED |MATRIX

HYDROCARBONS

ORGANICS

METALS

OTHER

NUMBER OF CONTAINERS

1664 SGT-HEM (TPH)

NWTPH-HCID
BTEX/NWTPH-G
NWTPH-G

1664 HEM (FOG)
8260/624 VOA

BTEX
NWTPH-Dx

8260 CHLOR SOLVENTS
8270-625 SEMI VOA

8270 PAH/PNA

8082/608 PCB
TOTAL METALS RCRA 8

TOTAL METALS (SPECIFY)
TCLP METALS RCRA 8
TCLP METALS (SPECIFY)
PH 9040/9045
TX/TOXK/EOX

TURBIDITY

FLASH POINT
SOLIDS (SPECIFY)

BOD

Stoam T Repl Yishis

vandin

2pvm

—

Shovm T Rep Lifishs

¥

3?‘“’!— vy adis

Storm 1 Gl | B)i5)iS

3@«- w atin

Ctosm T olumnd |HfiEfls

2 pm waln,

Closmnl Coluwan3 | bfistis

BMWOJ!A

Clogen] eotuomnlt| Hfislis

SP'WLMAh'A

Sy | Crfumn B |Hhishs

t Q_h'\

3?4»1«.

SHorm | Cobuwn é |4)is]is

D pre |waaha

LAB USE ONLY

SIGNATURE ny

PRINTED NAME

COMPANY

DATE TIME

Shipped Via:
Fed Ex

Shipping Container:
Box Envelope None

US Mail UPS Courier Client

Cooler

Tracking #
Custody Seals:Y N

Intact: ¥ N

Cooler Temp. Sample Temp.

RELINQUISHED BY

A

manunc\er Chahal

I

wWsat)

Ulslis |4 ¢p

RECEIVED BY

e

A:‘ﬂ:yu

450

RELINQUISHED BY

A0 bingie )

e

4l

RECEIVED BY

Payment Terms: Net 30 days. Past due accounts subject to 1 1/2% per month interest. Customer agrees to pay all costs of collection including reasonable
attorney’s fees and all other costs of collection regardless of whether suit is filed in Pierce Co., WA venue. Spectra Laboratories, LLC
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