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1.0
Introduction

An important part of the biosolids program is based upon valid analytical data derived from relatively small samples.  The collection of a sample and its proper preservation during shipment is fundamental to obtaining reliable analytical results. 

The concentration of nutrients, pathogens, and pollutants in biosolids are variable.  In addition, pathogenic organisms are both time and temperature sensitive.  Establishing a written protocol is important in order to collect samples that are both representative and consistent.  
Analysis of pollutants (so-called 503 metals) and pathogens provide the basis for establishing Class B biosolids.  Nutrient concentrations are used to determine agronomic rates when biosolids are land applied.  The analysis of biosolids will follow the methods outlined in WAC 173-308-140.  Biosolids sampling frequency is set forth in WAC 173-308-150. Samples shall be tested for the pollutants in section WAC 173-308-160.
In addition to sampling biosolids, soil sampling at land application sites provides important crop nutrient data.  The nitrogen status of the soil is combined with nitrogen of the biosolids and the predicted crop uptake to develop the agronomic rates at which the biosolids are applied to the land.  Accurate assessment of soil nitrogen is dependent on good sampling techniques.

This sampling and analysis plan (SAP) will describe the processes involved with sampling biosolids at a wastewater treatment plant.  The intent is to be complete and concise so that sample collection, preservation, and shipment to a lab for appropriate analysis may be performed by personnel with little or no assistance outside this document.  

2.0
Laboratory Designation

When choosing a laboratory to perform the required analysis of biosolids samples it is important to determine and verify some important aspects of the analysis program.  

· Ensure that the laboratory is accredited by the State of Washington

· Determine that the required analyses can be performed by the laboratory
· Ensure that required turn-around-times can be met by the laboratory

· Make sure that the laboratory understands how to report the results (e.g. dry-weight basis, mg/kg, etc.)

It’s advisable to submit a copy of this SAP to the reporting lab so that the required analyses and sample collection protocol may be on record for them to review.
3.0
Biosolids Sampling Protocol

A number of tools and personal protection equipment will be required to complete the task aseptically so as to avoid contamination of one’s self or the sample.  Collected samples will be placed in the appropriately sized hi-density polyethylene (HDPE) containers and chilled to 40 C using ice, blue ice, or dry ice.
3.1
Tools Required for Sample Collection

· Nitrile gloves (be sure to have plenty on hand)

· Sample containers from laboratory (properly labeled and dated HDPE containers; contact the laboratory at least two weeks prior to sampling event to request sample containers)

· Ice chest with ice, “blue ice”, or dry ice.
· Shipping containers (may be the ice chest or other Styrofoam –type container) 

· Sharpie® pens, ink pens, labels for sample containers

· Chain-of-Custody forms 

· Stainless steel spatula or disposable plastic spatula for sample collection
· Stainless steel bowl or container to composite grab samples
· Packing tape

· Packing material to fill air space within shipping container (air-filled bags, paper, etc.)

· Shipping labels

· Directions to nearest shipping location and drop-off times
3.2
Sampling for Nutrients, Metals, Total & Volatile Solids  
1) Ensure that you have the appropriately labeled and dated sample containers before sample collection.
2) Put on your nitrile gloves.

3) The best place to collect biosolids samples is typically where the material exits the belt-press or other dewatering equipment.  (This sentence should be written to reflect the treatment plant’s situation.  Lagoons will need a sample map and description of some means for collection).
4) Using a gloved hand or clean spatula, collect and place 10-15 small, separate, grab-samples of biosolids into a stainless bowl or container.  

5) Mix the grab samples together thoroughly in the stainless bowl.  The total sampled amount should be more than the amount needed to send to the lab.  

6) Once the grab samples have been thoroughly mixed in the stainless bowl or container, take a portion of the total and place it in the lab supplied container.  Fill the container so that the lab has enough biosolids for the analysis.  

7) Place the sample on ice and into the shipping container to begin preservation (see Table-1 for preservation).

3.3
Sampling for Fecal Coliform - 7 Samples Method - WAC 173-308-170
1) Ensure that you have the appropriately labeled and dated sample containers before sample collection.
2) Put on nitrile gloves.
3) The best place to collect biosolids samples is typically where the material exits the belt-press or other dewatering equipment.  (This sentence should be written to reflect the treatment plant’s situation.  Lagoons will need a sample map and description of some means for collection).
4) Using a gloved hand or a clean spatula, collect a single sample and place it in the lab-supplied container.
5) Immediately place the sample on ice and into the shipping container to begin preservation (see Table-1 for preservation).
6) Seven individual samples need to be collected over a two week period for fecal coliform analysis.  So this process needs to be repeated 7 separate times over 14 days.  It does not have to be exactly every other day, but individual samples shall be taken on different days. 
7) Fecal coliform samples shall arrive at the accredited lab conducting the analysis within 6 hours.
4.0      Shipping Samples

1) Complete the chain-of-custody form.  Be sure that the chain of custody form is accurate!  This is an area where misidentification is common and a careful “second-check” will help greatly in keeping paperwork and sample identification in order.  

2)  Ensure lids are sealed tightly.  Pack samples into the shipping container.  Place regular ice into Ziploc® bags and pack into shipping container around the samples.  If it’s hot weather, dry-ice may be necessary to properly preserve the sample during shipment.
3) If there is space in the shipping container that allows the sample containers to easily move around, fill the void with packing material.

4) Place the completed Chain of custody form into a Ziploc® bag, seal, and place it into the shipping container.  This is important!  It keeps the paperwork dry and legible when it arrives at the lab.  Tape the container securely shut with packing tape.  If you cannot drop the package from 3 feet onto the floor and be confident that the contents will not be damaged, it’s improperly packed.

5) Transport samples to shipping facility (e.g. UPS, FedEx, etc.). 

6) Remember that some of the sample analyses will require same-day/overnight shipment due to short hold-times (see Table-1).  Taking this into consideration, it is best to sample and ship Monday through Thursday.  If you must collect a sample on a Friday, ensure that you have cleared this with the lab in advance of sample collection.  

5.0   Biosolids Analysis 
Ensure the chain-of-custody lists the appropriate constituents to be analyzed.  The list below can be utilized to double-check for completeness of the chain of custody form.  If there are mistakes or omissions, the analysis will be wrong or insufficient.  If a constituent is not listed on the chain of custody form received from the laboratory, or you are uncertain about some detail, CALL THE LAB AND CONFIRM BEFORE SHIPPING.  
Table 1-Biosolids Analytcal Methods and Holding Time
	Constituent
	Analysis Method
	Preservation
	Hold-Time

	Arsenic
	SW-846 Method 6010
	
	6 months

	Cadmium
	SW-846 Method 6010
	
	6 months

	Copper
	SW-846 Method 6010
	
	6 months

	Lead
	SW-846 Method 6010
	
	6 months

	Molybdenum
	SW-846 Method 6010
	
	6 months

	Nickel
	SW-846 Method 6010
	
	6 months

	Selenium
	SW-846 Method 6010
	
	6 months

	Zinc
	SW-846 Method 6010
	
	6 months

	Mercury
	SW-846 Method 7471
	
	6 months

	Total Kjeldahl Nitrogen
	SM 4500- Norg C or 

EPA PAI-DK 01
	Cool to 4° Celsius
	28 days

	Nitrate – N
	EPA 300.0 or 353.2
	Cool to 4° Celsius
	28 days

	Ammonia – N
	SM4500-NH3 
	Cool to 4° Celsius
	28 days

	Fecal Coliform
	SM 9221 E or 

EPA Method 1680 or 1681
	Cool to 4° Celsius
	6 HOURS TO LAB, 
24 HOURS FOR ANALYSIS

	Total Solids
	SM 2540 G
	Cool to 4° Celsius
	7 days


 6.0
 Soil Sampling 

Background: Soil sampling is an important element in the management of the biosolids land application program.  Soil samples are used to determine the quantity of plant available nitrogen (PAN) and other constituents in the surface horizons; typically the top 3 feet.  Samples will be taken separately for the first, second and third foot of soil depth in order to calculate the PAN for the entire rooting zone.  Each of these separate samples will be a composite sample comprised of at least 20 soil cores thoroughly mixed together.    

The timing of sampling may vary depending upon the planned application date(s) and the purpose for which the data is being collected.   Early growing season samples provide data on nutrient carryover; late spring early summer samples (such as a pre-sidedress nitrate test)  may provide information on mineralization of organic matter after soils warm; and fall sampling can provide information on N uptake when combined with early season data.    Ecology may request any or all of the above samples to be collected and analyzed depending on the crops, soils, and farming practices.  
Tools used for soil sampling:

· Sample chain-of-custody forms

· Sharpie® pens and ink pens

· Soil sample bags from laboratory (ensure to notify lab at least two weeks prior to sampling events for bags; good practice to keep extras on hand)

· Clean  buckets labeled by depth (so you don’t put the 2 foot sample in the 1 foot bucket)
· Field book to record field description, dates, and information on sample location. 
· Clean stainless steel spatula and shovel

· Soil sampler (e.g. hand auger, probe, etc.)

· GPS unit (optional)

· Work gloves for person operating soil sampler

· Ice chest or other Styrofoam type shipping container

· Blue-ice, ice, or dry-ice

· Ziploc® type clear re-sealable plastic bags 

· Packing tape
· Packing material to fill air space within shipping container (air-filled bags, paper, etc.)

· Shipping labels

· Directions to lab or location or shipping office.
6.1
Sampling location determination

Specific sample locations shall be determined randomly to avoid bias but, they should have fairly even distribution across the sampling area in order that the composite sample is representative of the soil in the field.                                             
                                         Table 2- Subsample Number Recommendations

	Sample points recommended by field size to form a unique composite

	Field Size-acres
	Subsamples Required-12 inch samples

	10-25
	20

	25-50
	25

	>50
	30


6.2
Sampling the Field

Determine the size in acres of the field that you are sampling.  Refer to Figure-1 above to establish the number of subsamples required.  Remember that this number of subsamples is a recommendation and not a steadfast count.  However, to form a thoroughly representative composite sample and to maintain best management practices consistent with farm nutrient management, collect within the range of subsamples from Figure-1.    

1) All samples shall be taken within the field where land application is to occur.  Bring the field map with you to insure that samples are not located in buffer areas or outside permitted boundaries.  

2) Plan in advance what pattern will be used and how you will perform the sample pattern.

3) Be aware of anomalies within the sample location (e.g. eroded areas, vegetative/fenced boundaries, etc.).
  Avoid these areas as potential sample locations.
4) Make note in your field book of the approximate location of each subsample.  
5) Upon reaching the first subsample location, remove the loose litter matter from area of sample.

6) Using the soil sampling instrument, collect soil in 12-inch intervals to desired depth or until refusal.  Be careful to replace the sampler back into the same hole for the 2nd and 3rd foot samples.
7) If multiple 12-inch intervals are being collected (i.e. you are collecting 1, 2, & 3 foot intervals) ensure that you have appropriately labeled buckets for holding the respective subsamples.

8) After collecting the subsample, load the equipment back into the truck and move to the next subsample location along your pattern and repeat sample collection process.

9) Once the appropriate numbers of subsamples are collected, a single composite can be generated from each 12-inch interval.  With a clean, stainless steel spatula, thoroughly mix each bucket of soil containing the representative soil subsamples.

10) From each bucket, fill a paper soil sample bag (from lab) to the indicated fill-line.  It is important to place enough soil into the bag to reach this line because the laboratory requires a certain amount of material to perform the requested analyses. 

11) Once the samples are bagged and sealed, ensure to write the sample ID and date on the bag.  The sample ID for each sample will need to be on the chain of custody form.  Crosscheck the samples with the chain of custody when finished to verify this information is correct.
12) Packing and shipping: If the soil samples are moist it is imperative that you preserve the samples on ice immediately.  Biological activity must be diminished so as not to affect soil nutrient levels.  Overnight shipping is not generally as critical in soil sampling as it is in biosolids samples, however, the soil-bags must be kept cooled through ice preservation in an ice chest or refrigeration until shipped to analyzing laboratory.  
13) When shipping, ensure preservation of samples through blue-ice, ice, or dry-ice.  Place the chain of custody form in a Ziploc® bag and include with samples.  Pack the samples so that they cannot move around by added air-filled bags or paper.  Tape the shipping container so that it cannot accidental open during transport to laboratory.  Ensure that the shipping label is properly affixed to the top of the container and has the correct shipping address. 
6.3
Soil Sampling Analysis

Ensure the chain of custody form lists the appropriate constituents to be analyzed.  The list below can be utilized to double-check for completeness.    Table-3 should only be used as an example and not be considered as steadfast and absolute when requesting soil analysis.  That being said, the soil sample analyses generally change only infrequently.  It is a wise practice to carry example chain of custody forms and laboratory data pages to be used as verification tools while in the field.   

                      Table 3-Common Soil Analysis

	Common Soils Analysis Used by Parker Ag

	Constituent
	Analysis Method
	Preservation
	Hold-time

	*503 Metals
	SW-846 Method 6010
	Cool to 4° Celsius
	6 months

	Total Solids
	SM 2540 G
	Cool to 4° Celsius
	7 days

	pH
	EPA 9045
	Cool to 4° Celsius
	15 minutes

	Nitrate-N
	Nitrate-FIA
	Cool to 4° Celsius
	28 days


             * Mercury analyzed by SW-846 Method 7471
It is common to see a sample-package terminology denoted on the chain of custody form instead of the individual constituents (i.e. you might see typed on the chain of custody form:  S1A/Nitrate/Total Metals/Total P).  This would include those constituents listed in Table-3 plus additional constituents (e.g. sulfur, calcium, potassium, magnesium, organic matter, etc.).
� University of Idaho Cooperative Extension, Soil Sampling-Bulletin 704
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