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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 critical for 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 priority pollutants (also referred to as 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. To develop an appropriate agronomic rate the nitrogen in the soil and biosolids must be taken into account along with the predicted nitrogen uptake by the crop.  Accurate assessment of soil nitrogen is dependent on good sampling techniques.

This plan will describe what’s involved in sampling biosolids at a wastewater treatment plant and soils in a field.  The intent is to be complete and concise so that sample collection, preservation, and shipment to a lab may be performed with little or no assistance outside this document.  
Please note, this sampling plan is just an example with sample procedures as placeholders. Each section of this guide must be examined and re-written so that it applies to your particular facility or land application site. 
2.0
Selecting a Lab 
There are a variety of laboratories across the state of Washington you can choose to conduct analysis of biosolids.  Analysis data for biosolids in the Washington program must meet some basic requirements:
· Labs conducting the analysis must be accredited by Ecology.  This Ecology website provides accreditation details of labs and the methods for which they are accredited:  https://fortress.wa.gov/ecy/laboratorysearch/ .

In addition you should make sure the lab you select can do what you need including:

· Meet needed turn-around-times for lab reports when samples are delivered.  You should call and check if you have time constraints;
· Make sure that the lab understands how to report the results (e.g. dry-weight basis, mg/kg, etc.)

3.0
Biosolids Sampling Protocols
There are a number of different tools and methods available when collecting samples for laboratory analysis.  The following sections describe the accepted protocols for the biosolids program managed by Ecology:

3.1
Tools Required for Sample Collection

· Nitrile gloves 
· Hi-density polyethylene (HDPE) sample containers—contact your lab
· Ice chest
· Ice, “blue ice”, or dry ice.
· Shipping containers (small ice chests often serve as the shipping container)  
· Sharpie® pens, ink pens, labels for sample containers

· Chain-of-Custody forms 

· Large spoon or other utensil for grab samples
· Stainless steel bowl or food-grade bucket
3.2
Sampling for Percent Solids, Pollutants, VAR* & Nutrients  

1) Label and date the lab sample containers before you collect the samples;
2) Put on gloves;
3) The best place to collect biosolids samples is typically where the material exits the belt-press or other dewatering equipment.  (This bullet should be written to reflect the treatment plant’s particular situation.  Lagoons will need a sample map and a description of exactly how samples will be collected);
4) Collect 15 -20 small, separate, sub-samples (often referred to as “grab” samples) of biosolids into a stainless steel bowl or food-grade container;  

5) Mix all the sub-samples together.  

6) Once the sub-samples have been thoroughly mixed, take a portion of the total and place it in the lab-supplied container.
7) Place the sample on ice in the cooler making sure it’s properly labeled and immediately fill out the chain of custody form.
* This pertains only to facilities meeting VAR through anaerobic or aerobic benchtop digestion in a lab. If you are meeting VAR via another method insert a section in this plan to describe how that is being done.
3.3
Sampling for Fecal Coliform - 7 Samples Method - WAC 173-308-170
1) This method requires the collection of 7 separate samples over a 2-week period.*

2) It is important to coordinate with the lab in advance of sample delivery.  Labs have restricted hours during which they accept samples for fecal coliform analysis.  The most commonly used method requires the lab analysis to start within 8 hours of sample collection so you must plan in advance to collect and ship the sample for this to occur.  Most labs require that samples be brought to them no more than 6 hours after collection, allowing them 2 hours for sample processing.
3) Label and date the sample container before you collect the sample.
4) Put on gloves.
5) The best place to collect a biosolids sample is typically where the material exits the belt-press or other dewatering equipment.  (This bullet should be written to reflect the treatment plant’s situation.  Lagoons will need a sample map and description of some means for collection).
6) Collect a single sample and place it in the lab-supplied container.
7) Place the sample on ice in the cooler making sure it’s properly labeled and immediately fill out the chain of custody form.
8) Deliver to the lab ASAP.
9) Repeat 6 more times over the next 2 weeks.

* Do not collect all 7 samples at once unless you’ve spoken to your regional coordinator in advance.
4.0
Biosolids Analysis 
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Table 4.1-Biosolids Analytical Methods, Preservation, & Holding Time

	Constituent
	Analysis Method
	Temperatures
	Hold-Time

	Arsenic
	SW-846 Method
6010, 6020, 7010, 7061
	Cool to 39° F or 4° C
	6 months

	Cadmium
	SW-846 Method
6010, 6020, 7000B, 7010
	Cool to 39° F or 4° C
	6 months

	Copper
	SW-846 Method
6010, 6020, 7000B, 7010
	Cool to 39° F or 4° C
	6 months

	Lead
	SW-846 Method

6010, 6020, 7000B, 7010
	Cool to 39° F or 4° C
	6 months

	Molybdenum
	SW-846 Method

6010, 6020, 7000B, 7010
	Cool to 39° F or 4° C
	6 months

	Nickel
	SW-846 Method

6010, 6020, 7000B, 7010
	Cool to 39° F or 4° C
	6 months

	Selenium
	SW-846 Method

6010, 6020, 7010, 7741
	Cool to 39° F or 4° C
	6 months

	Zinc
	SW-846 Method

6010, 6020, 7000B, 7010
	Cool to 39° F or 4° C
	6 months

	Mercury
	SW-846 Method

7470, 7471
	Cool to 39° F or 4° C
	6 months

	Total Kjeldahl Nitrogen
	SM 4500- Norg  B or C
	Cool to 39° F or 4° C
	28 days


	Nitrate – N
	EPA 300.0 or 353.2
	Cool to 39° F or 4° C
	28 days

	Ammonia – N
	SM4500-NH3 B+C, D,E, or G
	Cool to 39° F or 4° C
	28 days

	Fecal Coliform
	SM 9221 C or E
	Cool to 39° F or 4° C
	Analysis in 8 hours from time of collection.* 

	Fecal Coliform
	EPA 1680 or 1681
	Cool to 39° F or 4° C
	Analysis within 24 hours.**



	Salmonella
	SM 9260 D
	Cool to 39° F or 4° C
	Analysis within 24 hours.

	Total Solids
	SM 2540 G
	Cool to 39° F or 4° C
	7 days


*   Maximum of 6 hours for transport, 2 hours for lab processing.

** 24 hour hold times for Class A composted, Class B aerobically or anaerobically digested only. All others: Analysis within 8 hours. 6 hours maximum for transport, 2 hours for lab processing.
5.0
Soil Sampling 

Background: Soil sampling is an important element in the biosolids program.  Soil samples are used to determine the quantity of biosolids to land apply on a given field.  The analysis measures available nitrogen, phosphorus, and other constituents in the soil, typically in the top 3 feet.  Separate samples will be collected for the 1st, 2nd, and 3rd foot of soil in a given field.  All the samples sent to a lab for analysis will be made up of at least 15 sub-samples collected from specific locations evenly distributed across the entire field.  The objective is to gather a “composite” sample that is representative of the overall soil in the field being sampled.  In order to collect 3 composite samples (top foot, 2nd foot, and 3rd foot) from a 25 acre field , a minimum of 60 sub-samples are necessary—20 from each foot of soil.  See Table 5.1 to see how many sub samples are needed by field size.
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5.1
Tools Needed for Soil Sampling
· Sample chain-of-custody forms

· Sharpie® pens and ink pens

· Soil sample bags—bags from your lab are best, but you can use new Ziploc bags 

· 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 large spoon to mix samples
· Soil sampler (e.g. hand auger, probe, etc.)

· Cooler for samples
· Sufficient Ice
· Shipping labels if delivered by courier
Table 5.1:  Sub-Samples Needed by Field Size to Create a Composite Sample
	Field Size in Acres
	Sub-Samples Required

	5-20
	15

	20-40
	20

	40-80
	25

	< 80
	30


5.2
Sampling Procedures
1) Determine the field size and refer to Table 5.1.      
2) All samples must be taken within the boundaries of the field where land application will occur.  Bring the field map with you so samples are not located in areas outside permitted boundaries;  

3) Plan in advance how you will cover the field evenly with the number of samples you need to take.
4) Be aware of areas that don’t represent the field overall, such as eroded areas and rocky outcrops and avoid taking samples in these locations.
5) At each sampling location, remove the loose, organic matter on the surface of the soil to create a place where the soil probe will be inserted.
6) Using the soil sampling probe, 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 each subsample move to the next subsample location along your pattern and repeat sample collection process.
9) Once the appropriate number of subsamples are collected to create a composite sample, mix them together thoroughly and fill a properly labeled lab sample bag.
10) Once the samples are bagged and properly marked immediately fill out the Chain of Custody.  Crosscheck the samples with the chain of custody form to verify the information is correct.
11) It’s critical to preserve the samples on ice immediately.  Cooling the samples stops biological activity that will change the results--cool below 390 F (40 C) but do not allow to freeze. The soil-bags must be kept cooled until they reach the lab.
12) Place the chain of custody form in a Ziploc® bag and include it with samples inside the cooler.
	Table 5.2 Common Soil Analysis

	Constituent
	What is it?

	NH4-N
	Nitrogen in the form of ammonia. It is a form of mineral nitrogen, is directly plant available, and common in mineral fertilizer. This is required when sampling for agronomic rates in the biosolids program. 

	NO3-N
	Nitrogen in the form of nitrate.  It is another form of mineral nitrogen, is directly plant available and common in fertilizer. (NO3 is derived from oxidizing NH4.) This is required when sampling for agronomic rates in the biosolids program.

	Total Nitrogen
	Organic Nitrogen & NH4-N & NO3-N.  See difference from TKN.  
-Subtracting mineral nitrogen (NH4-N and NO3-N) from this number can give an estimate of nitrogen in soil organic matter.

	TKN
	Total Kjehldahl Nitrogen:  Organic nitrogen & NH4-N; no NO3-N.  
-Subtracting NH4-N from this number can give an estimate of nitrogen in soil organic matter.

	P
	Phosphorus is an important nutrient plants need in relatively large amounts.  When analyzing soil on the west side of the Cascades use the Bray method, on the east of the Cascades use the Olsen method.  This is recommended when sampling for agronomic rates in the biosolids program.

	S
	Sulfur is an important nutrient plants need in relatively large amounts. This is recommended when sampling for agronomic rates in biosolids program.

	K
	Potassium is an important nutrient plants need in relatively large amounts

	pH
	A measure of soil acidity.  The scale runs from 0 (extremely acid) to 14 (extremely basic).   Battery acid is near zero and liquid drain cleaner is near 14.  Most agricultural soils are between 5 and 8. Most crops do best between 6.0 –7.5.  This is recommended when sampling for agronomic rates in biosolids program.

	CEC
	Cation Exchange Capacity is a measure of a soil’s capacity to retain elements such as K+, Ca2+, Mg2+, and Na+.  Generally speaking, sandy soils have low CEC and soil with high organic matter and clay have higher CEC. This is recommended when making an initial assessment of a field.

	% Organic Matter
	Organic matter is important for holding water & nutrients, supporting microorganisms, and creating soil structure.  It also mineralizes nitrogen and micro-nutrients.  For every 1% organic matter about 20 lbs per acre of plant available nitrogen is mineralized each year.  Recommended when making an initial assessment of a field and reassessed periodically.


Note:  The cost of soil analysis varies among labs.  Many labs offer pricing for a suite of analytes for less than the sum of individual analytes.  Good sampling and quality analysis is essential for achieving high yields and consistent outcomes over time without leaching nutrients or burning up crops.   
6.0
Shipping Samples
Be sure that the chain of custody form is accurate!  Place the completed Chain of custody form into a Ziploc® bag, seal, and place it into the shipping container. This keeps the paperwork legible when it arrives at the lab.
1) Ensure lids are sealed tightly and you have adequate ice.  Hot and sunny afternoons can easily heat samples and damage them—samples must be kept cool at all times until reaching the lab.  

2) Check necessary pickup and delivery times when shipping samples so as to minimize hold times.
7.0
Data Analysis Review

When biosolids lab analysis is returned it needs to be reviewed for accuracy and to confirm that biosolids are meeting standards. The following details should be checked:
· All priority pollutants are below WAC 173 308 160 table 3 threshold levels.

· Fecal coliform values are below required thresholds.

· Are there any error flags that indicate samples were analyzed outside of their hold times or other problems?
· Are any of the values outside their usual range indicating a possible laboratory error?
Any values outside of acceptable levels must be brought to the attention of your biosolids coordinator as soon as possible. 
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The chain-of-custody form is where you list what you want the sample(s) analyzed for.  Table 4.1 provides information about methods, preservation needs, and hold times.  Remember if there are mistakes or omissions on your form the analysis will be wrong or insufficient.  If you have questions contact your regional biosolids coordinator in advance.





The above example is for a land application site on the east side of the cascades. Typically soil sampling on the west side of the cascades happens post-harvest (in late summer or early fall) and is limited to the first foot of soil. Deeper sampling may be required depending on site or past sample results. Please re-write this section to reflect your particular site needs. Work with your biosolids coordinator if you have any questions.


The timing of sampling may vary depending upon the planned biosolids application date(s) and the purpose for which the data is being collected.  Contact your regional biosolids coordinator if you have questions.  Early growing season samples provide data on nutrient carryover from the previous year. Late spring & early summer samples may provide information on mineralization of organic matter after soils warm-up and fall sampling can provide information on what’s left over after crops are harvested.  Ecology may request any or all of the above samples to be collected and analyzed depending on the crops, soils, and farming practices. For more information on nitrate testing west of the cascades go to: � HYPERLINK "https://catalog.extension.oregonstate.edu/em8832" �https://catalog.extension.oregonstate.edu/em8832� Post-Harvest Soil Nitrate Testing for Manured Cropping Systems West of the Cascades, by Dan Sullivan and Craig Cogger.





It is important that data be reviewed as quickly as possible so that the facility can assure that all biosolids sent to land application meet state and federal standards. While your biosolids coordinator does review this data it is ultimately up to the originating facility to assure that all biosolids sent to land application meet the proper standards.


In addition, if laboratory errors are caught quickly the lab may still have the original sample on hand, making it cheaper and easier to re-run the sample.
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