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HOW TO USE THIS DOCUMENT

run sampling program. This guidance document is intended to help wastewater treatment

plant operators develop a comprehensive sludge (or biosolids) sampling plan. Unlike other
sludge sampling guidance documents that provide general recommendations, this guide was devel-
oped to be as specific as possible and provide easily adaptable worksheets and appendices that can
be utilized to form a suitable sludge sampling plan.

The development of a sampling plan should be the first step in the implementation of a well-

Wastewater treatment plant operators generally have limited time and/or experience to devote to
developing sampling plans—hence the need for this document. Although reading this guidance
document from cover to cover prior to starting the sasmpling plan development process is highly
encouraged, it is probably an unrealistic expectation. Therefore, to convey useful information effec-
tively and efficiently, this document has been designed to be used as a quick reference to assist
wastewater treatment plant operators in completing the Sampling Plan Worksheet found in
Appendix A. Once completed, the worksheet will contain the appropriate information consistent
with a comprehensive sampling plan.

The Sampling Plan Worksheet makes reference to specific chapters and appendices that can be
found in this guide and used to complete the specific sections of the worksheet. Many of the
guide's appendices can be photocopied and attached to complete applicable sections of the
Sampling Plan Worksheet.

Follow these steps to complete a sampling plan for your facility:

1. Photocopy or obtain an electronic copy of the Sampling Plan Worksheet
found in Appendix A.

2. Read Chapter 1 - Introduction, and Chapter 2 — Elements of a Sampling Plan,
in the main document to gain a general understanding of what a sampling
plan is and the elements it should contain.

3. Complete the Sampling Plan Worksheet using the main document as a
reference.

< When in doubt, refer to the specific chapters and appendices cited in the
individual sections of the worksheet to adequately complete the
information requested.

e Where needed, photocopy applicable appendices or tables to help
complete relevant sections of the worksheet.
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CHAPTER 1

INTRODUCTION

an be used as a soil conditioner or fertilizer component if properly treated and utilized in a

S‘Nage sludge is the residue generated during the treatment of domestic sewage. This residue
anner that protects human health and the environment.

Throughout the wastewater industry, the term “ sewage sludge’ Throughout the waste-
has largely been replaced by the term “biosolids,” which specifi-  water industry, the term
cally refers to sewage sludge that has undergone treatment and “sewage sludge” has
meets federal and state standards for beneficial reuse. Throughout  |5rgely been replaced by
this document the terms “sewage sludge” “sludge,” “biosolids”  the term “biosolids,” which
and the generic term “solids’ are used interchangeably. specifically refers to
Biosolids have been successfully applied to agricultural land sewage sludge that has
(e.g., pastures, cropland), disturbed areas (e.g., mined land, con- undergone treatment and
struction sites), plant nurseries, forests, recreational areas (e.g., meets federal and state
parks, golf courses), cemeteries, highway and airport runway standards for beneficial
medians, and home lawns and gardens. reuse.

Operators of publicly owned treatment works (POTWSs) where

treated sewage sludge is processed for land application are required by state and federal regulations
to analyze this material for specific chemical, physical, and biological parameters to ensure that it
is in compliance with applicable standards. State biosolids regulators may also wish to collect
biosolids samples from both treatment facilities and land application sites prior to spreading.

The purpose of this document is to provide guidance and standard operating procedures for the col-
lection and analysis of municipal sewage sludge or biosolids. The information provided herein will
be applicable to sampling both at POTWs and at land application sites where biosolids are stock-
piled.

The Sampling Program

Most biosolids sampling programs provide a framework for obtaining samples that
represent the chemical, physical, and biological characteristics of sludge material that is
being land applied. A representative sample depends on a number of factors including
the analyses required, the material sampled, the sampling location, and the objective of
the sampling program.
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Chapter 1: Introduction

Why Collect Samples?

Most POTW sampling programs are initiated to demonstrate compliance with state and/or fed-
eral regulations. As an operator, it isimportant that you understand exactly what a regul atory
entity requires to demonstrate compliance, particularly at the state level. For example, some
states regulate biosolids under their solid waste statutes, not their wastewater programs.
Accordingly, while a solid waste regulation may require Toxicity Characteristic Leaching
Procedure (TCLP) metals analysis, the federal Part 503 regulations call for total metals analysis.
In addition, many state regulatory programs have varying target compounds, anaytical protocols
that are more stringent than federal protocols, and specific detection limits.

Another potential objective of a biosolids sampling effort is to assess the variability of biosolids
relative to chemical, physical, and microbia quality. This information can be particularly impor-
tant in terms of public acceptance and confidence in a beneficial use program. For example, the
public needs to know that biosolids are relatively consistent in terms of potential toxic con-
dtituents (i.e., heavy metals, polychlorinated biphenyls (PCBs), or dioxins). End users, such as
farmers, want to know that they are receiving a consistent product that will perform predictably.
Regulators need to be certain that a given quantity of material meets regulatory standards.
Elected or appointed officials may also want information confirming safety and efficacy of local
government. In addition, POTW operators may want to routinely monitor sludge for information
or trends that will assist them in making operational or maintenance decisions within the treat-
ment process.

Role of the Sampling Plan

The development of a sampling plan is the first step in the
implementation of an effective sampling program. Whileit is
understandable that analytical studies, with their sophisticated
instrumentation and high cost, are often perceived as the domi-
nant element in a biosolids characterization program, analyti-
cal data generated by a scientifically defective sampling plan
have limited utility, particularly in regulatory proceedings.
Inappropriately collected samples yield incorrect results. Therefore, it isimportant to ensure that
samples are always collected and handled properly.

The development of a
sampling plan is the first
step in the implementation
of an effective sampling
program.

1989

CHAPTER 1 REFERENCES
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Sampling/Analysis Work Plan Guidance. Maine Department of Environmental Protection, 17 State House Station, Augusta, ME.
September 16, 2005.
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12/2000. Pennsylvania Department of Environmental Protection, Bureau of Water Quality Protection, Division of Wastewater
Management. December 2000.
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CHAPTER 2

ELEMENTS OF A SAMPLING PLAN

sampling plan is a blueprint for how a sampling event or program will be executed. It

should provide all the detail needed to ensure that rep-

resentative samples are collected, handled, analyzed,
and reported in a manner that meets the needs and objectivesof ~ Implementing a clearly

the sampler (e.g., POTW, regulator, third-party auditors). defined and consistently
Implementing a clearly defined and consistently employed employed sampling
sampling protocol reduces the chance that the sampling process  protocol reduces the chance
will be a source of error. that the sampling process
Inappropriate or inconsistent sampling technicues or proce- will be a source of error.

dures have an impact on the accuracy and precision of analyti-

cal results. Accuracy is a measure of how closely testing results

reflect the actual chemical, physical, and biological properties of the biosolids sampled.
Precision is a measure of the variability of data associated with a specific sludge quality parame-
ter. Inaccurate or imprecise analytical data may falsely indicate compliance or violation of regu-
latory requirements and result in flawed decisions.

Under a National Pollutant Discharge Elimination System (NPDES) permit or a state permit, the
owner/operators of a treatment works are ultimately responsible for the quality of the data they
report to the permitting authority. Given the potential unintended consequences of poor data
quality, the value of using a sampling plan to optimize data integrity is evident.

The United States Environmental Protection Agency (EPA) and many states have devel oped
guidance documents that outline the essential elements of a sampling plan (referred to in some
documents as a “ sampling and analysis plan” or an “analysis plan”). This document discusses
the essential elements of a sampling plan, derived from numerous guidance documents. A sam-
pling plan worksheet is included in Appendix A and an example of a completed sampling plan is
included in Appendix B.

Goals of the Sampling Plan (Chapter 3)

The goals or objectives of a sampling plan should describe what you hope to accomplish by
implementing a sampling program. For example: Will the data be used for process control? Are
the data intended to demonstrate compliance with state and federal regulations? I's the operator
evaluating sludge quality in order to decide on an appropriate sludge management option? In
each of these examples, sludge variability and contaminant sources would need to be evaluated
or identified.
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Chapter 2: Elements of a Sampling Plan

Description of the Facility Generating Sludge (Chapter 4)

A facility description (including a flow diagram or schematic) should provide an overview of the
configuration and operation of the facility that is generating the sludge to be tested. The physical,
chemical, and biological properties of the solids produced by afacility are determined by several
factors:

* Influent wastewater characteristics and treatment

 Sludge handling (i.e., wasting, mixing, holding, thickening), and dewatering processes

» Treatment methods used to achieve pathogen reduction (PR) and vector attraction reduc-
tion (VAR)

If land application is the final solids management option, this section should also include details
on how the material is handled prior to land application. For instance, isit stored or stockpiled
prior to land application, and if so, how long is it stockpiled, and where and under what condi-
tionsis the material stored?

Data Quality Objectives (Chapter 5)

Your data quality objectives should state the standards and
specifications for the data you will generate. The primary goal
is for the data to be as representative of the actual sludge qual-
ity as possible. Determining data quality objectives during the
development of a sampling plan may take the most planning '
and research. It is essential that those preparing the sampling planning and research.

plan are knowledgeable about lab procedures and protocols. In

thisregard, it isimperative that you communicate with the laboratory or laboratories that will be
conducting the analyses during the development and implementation of the sampling plan.

Determining data quality
objectives during the
development of a sampling
plan may take the most

The data quality objectives should include the following elements:

» Clear identification and discussion of issues such as detection limits, precision, accuracy,
comparability, and compl eteness

» Analytical protocols required for each test (e.g., metals, feca coliform, nutrients) that will
be performed

» Datareduction, validation, and reporting methods

» Dataquality objectives for field measurements or goals for field Quality
Assurance/Quality Control (QA/QC)

» Type of sample (i.e., grab or composite) that will be collected at each sampling point
» Process for producing composite samples including how grab samples are weighted
e Sample size or volume of grabs and composite samples

» Frequency and timing of sample collection

2-2 (R
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Selection and Description of Sampling Points (Chapter 6)

Your sampling point(s) should be accurately and specifically described relative to location and
utilization. Accessibility and safety must be considered in the selection of these points. The
description should explain how the sampling points were chosen in order to produce a represen-
tative sample and how specific points will meet the goals of the sampling program.

Sample Collection Procedures (Chapter 7)

Step-by-step instructions on sample collection procedures must be developed and documented in
writing. This written procedure is frequently referred to as a standard operating procedure or
“SOP” SOPs should include detailed information on the following elements:

» Type of equipment used for sampling
» Methods for cleaning and decontaminating sampling equipment
e Sample collection process

» Sample identification and documentation

Sample Handling Procedures (Chapter 8)

This section focuses on sample handling after collection. Sample preservation and holding times,
Chain-of-custody procedures, and sample transportation procedures (including shipping and stor-
age) should be described in detail. These parameters must be determined and described for each
type of sample and analysis.

Evaluation of Completeness (Chapter 9)

Evaluating data completeness refers to the process of determining whether the goals of the sam-
pling program have been met. This process answers such questions as. Have data quality objec-
tives been met? Were the samples properly preserved and handled? Were reporting requirements
satisfied? This process also provides an opportunity to evaluate the sampling plan itself. Does the
sampling plan or protocol need revision? Do the data quality objectives need to be adjusted?

Record-Keeping and Reporting Procedures (Chapter 10)

The last section of your sampling plan should describe what data and information will be
retained, how it will be stored and retrieved, and for how long it will be retained. Reporting
requirements should also be addressed. Is reporting required and by whom? Criteria such as
reporting units, data validation procedures, and reporting format should be determined during the
development of the sampling program.

The remainder of this document will describe each of these elementsin greater detail. Wherever possible,
a range of options will be provided, and the benefits or drawbacks of each option will be described.
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CHAPTER 2 REFERENCES

An Addendum to the POTW Sudge Sampling and Analysis Guidance Document. Gaines, Cristina and Safavi, Behzad. US EPA,
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POTW Sudge Sampling and Analysis Guidance Document. Permits Division, Office of Water, Washington, DC 20460. August
1989.

Process Design Manual: Land Application of Sewage Sudge and Domestic Septage, EPA/625/R-95/001. US EPA, Office of
Research and Development. September 1995

Sampling Manual for Pollutant Limits, Pathogen and Vector Attraction Reductions in Sewage Sudge, 3620-BK-DEP2214, Rev.
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(RN 2-4 [



The Wastewater Treatment Plant Operators Guide to Biosolids Sampling Plans

CHAPTER 3

GOALS OF THE SAMPLING PLAN

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

—[ Goals of the Sampling Plan

O Data Quality Objectives

[ Selecting and Describing Sampling Points
[J Sample Collection Procedures

O Sample Handling Procedures

O Evaluation of Completeness

[0 Record-Keeping and Reporting Procedures

To begin development of your sampling plan, the goal or
purpose of your facility's sampling program must be
clearly identified and articulated. Most state or federal
sludge-related guidance documents suggest that collecting
— a representative sample is the foremost goal of any sam-
pling effort. Your sampling plan should seek to ensure that
representative samples are collected and that the anal yti-
cal data generated are a true reflection of the chemical,
biological, or physical characteristics of the material
being evaluated.

O Description of the Facility Generating Sludge/Biosolids

Your sampling plan should
seek to ensure that repre-
sentative samples are col-
lected and that the analytical
data generated are a true
reflection of the chemical,
biological, or physical
characteristics of the
material being evaluated.

Goals of the Sampling Plan

The goals and objectives of the sampling effort should describe what your facility hopes to
accomplish by implementing the sampling program. For example: Will the data be used for

process control ? |s the data intended to demonstrate compliance with state and federal regula-
tions? Is the operator evaluating the sludge quality in order to decide on the appropriate sludge
management options? In some instances there may be multiple goals and objectives for the sam-

pling program. Evaluating sewage sludge can include the following objectives:

» Determine if a sewage sludge is suitable for land application

» Assess ongoing compliance with state or federal regulations

» Evaluate variability of biosolids in terms of their chemical, physical, and biological

characteristics

» Determine the most cost-effective sludge-management options.

(111 3-1



Chapter 3: Goals of the Sampling Plan

This section of the sampling plan need not be long or complex. A single sentence
reflecting the reason for implementing your sampling program may be sufficient.

For example:

“The goal of our sludge sampling program, as detailed in this sampling plan,
is to demonstrate compliance with state and federal biosolids regulations.”

This concise statement is more than adequate as a starting point for developing a
sampling plan. In fact, POTWs typically institute sludge sampling programs to
demonstrate compliance with state and federal biosolids regulations.

The goal(s) of your sampling program will lead to (or in some cases dictate) the elements needed
within the sampling plan. If a demonstration of compliance with the federal Part 503 regulations
for land application is the goal, then the sampling plan must contain all of the necessary ele-
ments to demonstrate compliance with federal regulations that require chemical contaminant
sampling and analysis for nine metals (arsenic, cadmium, copper, lead, mercury, molybdenum,
nickel, selenium, and zinc). Samples may also need to be collected and analyzed to demonstrate
that pathogen and vector attraction reduction requirements have been met. A sampling program
designed to demonstrate compliance with state-specific land application regulations may require
more elaborate sampling and chemica analysis and a more elaborate sampling plan. In summary,
simple, clearly defined goals are necessary to develop a focused and coherent sampling plan.

CHAPTER 3 REFERENCES

POTW Sudge Sampling and Analysis Guidance Document. Permits Division, Office of Water, Washington, DC 20460. August
1989

Sampling/Analysis Work Plan Guidance. Maine Department of Environmental Protection, 17 State House Station, Augusta, ME.
September 16, 2005.

Sampling Manual for Pollutant Limits, Pathogen and Vector Attraction Reductions in Sewage Sudge, 3620-BK-DEP2214, Rev.
12/2000. Pennsylvania Department of Environmental Protection, Bureau of Water Quality Protection, Division of Wastewater
Management. December 2000.
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CHAPTER 4

DESCRIPTION OF THE FACILITY GENERATING SLUDGE

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan
— Description of the Facility Generating Sludge
0 Data Objectives
[ Selecting and Describing Sampling Points
[J Sample Collection Procedures
O Sample Handling Procedures
O Evaluation of Completeness
[0 Record-Keeping and Reporting Procedures

This section of your sampling plan should provide an overview of the configuration and oper-
ation of the facility generating the sludge to be tested. The physical, chemical, and biological

characteristics of solids produced by POTWs are determined by the wastewater treatment
(i.e., influent wastewater characteristics, type of wastewater treatment) and sludge treatment
and handling processes.

Wastewater Treatment Process

A thorough and detailed description of your entire wastewater
treatment process provides important information necessary to A complete description of
the development of your sampling plan. A complete descrip- the wastewater treatment
tion of the wastewater treatment process from the headworks ~ process from the head-
through disinfection will provide information pertinent to the ~ works through disinfection

selection of sampling points, collection of a representative will provide information
sample, and interpretation of analytical results. The descrip- pertinent to the selection
tion of your wastewater treatment process should include the of sampling points, collec-
following items: tion of a representative
sample, and interpretation
General Description: ldentify the type of treatment at your of analytical results.

facility and the permitted design capacity (in million gallons
per day —mgd) of the facility. For example, is the facility an
aerated lagoon, rotating biological contactor (RBC), or conventional activated sludge facility? A
flow diagram or schematic is a useful way to provide a general description of the facility and its
treatment processes. The flow diagram or schematic should also identify the sample collection
Sites.

Industrial Pretreatment: Although industrial pretreatment is not a unit process at a POTW, it is
afunction of wastewater treatment that can have a profound effect on sludge quality. Effective
industrial pretreatment is one of the foremost reasons why land application of biosolids has
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Chapter 4: Description of the Facility Generating Sludge

become a sustainable recycling practice. Since industrial pretreatment keeps many pollutants out
of wastewater, effective pretreatment reduces the pollutant loading in sludge. Your facility
description should include an overview of the industrial pretreatment program or sewer use ordi-
nance including local limits, inspection schedules, and types and number of industries discharg-
ing to the collection system.

Screening/Comminution: Describe the location, sequence, and type of screens, racks, or
grinders that your facility may employ in the treatment process.

Grit Removal: Describe the type of grit removal mechanism used at your facility and how the
grit is disposed. For example, is the grit removed in an aerated grit chamber or by a horizontal-
flow grit chamber?

Flow Equalization: Provide information on whether your wastewater treatment facility uses flow
egualization to maintain a constant hydraulic or biochemical oxygen demand (BOD) loading
rate. If flow equalization is used, this section should describe whether the equalization basins are
in-line or off-line and what type of aeration or mixing is used in the basins (if any).

Other Pretreatment Operations: Indicate whether your facility employs other pretreatment
operations prior to primary settling. These operations generally involve skimming, flocculation,
or preaeration. Skimming tanks are designed to remove solids with a density less than water (i.e.,
floating material). Facilities that receive a high grease load might have a skimmer. Flocculation
is used to increase settling in primary or secondary settling tanks or to condition certain indus-
trial wastes. Numerous objectives are given for preaeration prior to primary settling. Generally,
these objectives involve improved treatability of wastewater in subsequent processes. Regardless
of the objectives, many of these pretreatment operations can have an impact on sludge quantities
and generation rates.

Primary Sedimentation: It isimportant to note whether your facility has primary settling tanks
and, if so, to describe their configuration and operation. Many smaller facilities, such as
extended aeration plants and aerated lagoons, do not have primary settling. Consequently, such
facilities will not have sludge from primary sedimentation, also known as primary sludge. The
presence (or lack of) primary sludge will significantly affect the odor properties of resulting
biosolids. Other facilities may have flotation or screening for removal of solids. Imhoff tanks and
septic tanks are used by some smaller facilities. A significant consideration to address in your
facility description is whether the digestion or degradation of solids or BOD is taking place dur-
ing the sedimentation process or during the handling of primary sludge after settling.

Biological Treatment: Most modern wastewater treatment plants include at least secondary treat-
ment, which involves the use of a biological reactor for the degradation of BOD and suspended
solids. This section should include information that describes the process for biological treat-
ment. For example, describe whether biological treatment is based on fixed-bed media or a com-
plete-mix system. If it is afixed media, state whether the reactor is a trickling filter or RBC. If
the system is complete-mix, state whether it is an extended air system, oxidation ditch, or
lagoon. If the system is a lagoon, state whether it isit aerated or facultative. For activated sludge
facilities, describe how the reactor operates—plug flow, continuous flow, stepped aeration, or
contact stabilization. All of these factors can have an impact on sludge quality and generation
rates.
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Secondary Sedimentation: Secondary sedimentation or settling is an integral part of the acti-
vated sludge process. Secondary clarifiers are designed to separate activated sludge from mixed
liquor. Flocculating solids in the aeration basin promotes settling and consequently the removal
of suspended solids and BOD. The settled biological solids can be recycled into the reactor or
wasted and sent to the sludge treatment process. How and when solids are recycled and/or
wasted can affect sludge quality and generation rates.

Advanced Treatment: Increasingly, POTWs are faced with upgrading their facilities to include
advanced wastewater treatment in order to reduce nutrient loading to receiving waters. Generally,
advanced treatment is designed to address lower effluent discharge permit limits for nitrogen or
phosphorus. In addition, any chemicals added for nutrient removal (e.g., alum) should be
described. Metals removal may also be a treatment goal. It is particularly important that you
describe the advanced treatment processes used at your facility to increase the volume of solids
generated.

Disinfection and Miscellaneous Treatment Processes: After final clarification, the wastewater
trestment process generally culminates with a disinfection step prior to discharge to the receiving
water. The method of disinfection does not significantly impact sludge quality or characteristics,
but it should be noted to complete the facility description. The facility description should also
discuss any processes that are not necessarily common to al plants. For example, odor controls
may be extensive at some treatment works but nonexistent at others. Treatment plants may have
very different needs in terms of the types of unit operations that are used to control odors.
Additionally, the choice of odor control technology may vary among facilities. Odor treatment
utilizing chemical oxidation of the wastewater can have an influence on sludge chemistry.
Therefore it is critical that all treatment processes are described, at least briefly, so they can be
evaluated for potential impacts on sludge quality or characteristics.

Sludge Treatment and Handling Process

While wastewater treatment operations certainly can have an
effect on solids properties, the processes involving direct A thorough description of
manipulation of wastewater sludge have the greatest potential ~ the sludge treatment and
to impact quality. A thorough description of the sludge treat- handling process is a critical
ment and handling processis a critical step in preparing your step in preparing your
sludge sampling plan. The following considerations should be  sludge sampling plan.
included in your description of sludge treatment and handling
processes:

Solids Sources: Depending on the type of facility, solids can be contributed from any of several
unit operations within the POTW. The types of sludge and the proportion of each in the final
mixture have a significant impact on sludge quality and odor properties. For example, primary
dludge is highly putresible. Primary sludge or a sludge that has a high percentage of sludge from
primary settling or clarification has a greater potential to cause malodor than a digested sludge.
Also, sludge that results from advanced treatment for nutrient removal can have greater nitrogen
or phosphorus content and an associated higher value as a fertilizer or soil conditioner. All solids
sources and their relative proportions within the sludge treatment and handling process must be
described in detail.
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Preliminary Operations: In general, preliminary operations include pumping, blending, storage,
and in some cases thickening of solids prior to dewatering or other processes. Also, as more
facilities are required to have advanced treatment, sludge blending becomes important (relative to
the production of a consistent material for dewatering and/or land application). In addition, some
facilities find it necessary to employ sludge grinding or degritting prior to subsequent processes,
based on the configuration of the facility or the characteristics of the wastewater. Most POTWS,
with the exception of lagoon systems, have the ability to store sludge prior to dewatering opera-
tions or disposal. The conditions under which sludge is stored can impact both its dewatering
capability and its chemical quality as a soil conditioner. For example, some facilities aerate
stored sludge, while others employ gravity thickeners that double as storage tanks. In some
cases, thickeners (e.g., flotation thickeners) are used prior to storage and dewatering. All prelimi-
nary sludge operations must be described in detail.

Pathogen Reduction/Vector Attraction Reduction (PR/VAR): Other than the character of the
wastewater being treated, the treatment processes used for PR/VAR are probably the single
biggest factor influencing sludge quality, and must be described in detail. The federal Part 503
regulations establish the requirements for PR/VAR prior to the use or disposal of sewage sludge.
During the development and implementation of the Part 503 regulations, EPA published a variety
of guidance documents describing the operation standards and tests necessary to achieve Class A
or Class B pathogen-reduction status. Pathogen reduction and vector attraction reduction meth-
ods and options are listed in Appendix C.

The following documents discuss treatment processes that are acceptable for PR/VAR:

m “Standards for the Use or Disposal of Sewage Sludge; Final Rules,” Federal Register,
Friday, February 19, 1993.

m Part 503 Implementation Guidance, EPA 833-R-95-001, October 1995, US EPA, Office
of Water.

m Control of Pathogens and Vector Attraction in Sewage Sludge, EPA/625/R-92/013,
July 2003, US EPA, Office of Research and Development.

m A Plain English Guide to the EPA Part 503 Biosolids Rule. EPA/832/R-93/003,
September 1994, US EPA, Office of Wastewater Management.

These documents describe acceptable treatment processes and specify the testing, docu-
mentation, and record-keeping necessary to demonstrate proper PR/VAR. Citing the
pathogen reduction alternative and vector attraction reduction option (along with spe-
cific treatment objectives of these requirements) employed at your facility will ade-
quately identify the sludge treatment process. Pathogen and vector attraction reduction
alternatives and options are listed in Appendix C.

Dewatering: There are a variety of methods for reducing the water content of sludge.
Dewatering is typically accomplished viafilter presses, centrifugation, or drying beds or lagoons.
Heat-drying dewaters sludge and can also be used to meet pathogen and vector attraction reduc-
tion requirements, if the appropriate operational standards are achieved. As would be expected,
the method of dewatering has a strong impact on the physical properties of sludge. Also, thereis
increasing evidence that the chemicals used to condition sludge and improve dewatering can
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have a significant influence on sludge chemistry and even odor potential. The dewatering meth-
ods (including chemical additions) must be described in detail.

Disposal or Recycling Option: The handling and storage of treated sludge after PR/VAR can
have an impact on sludge quality and odor properties, particularly for undigested materials;
therefore, the methods of disposal and/or recycling must be described in detail. For example,
some heat-dried biosolids can become malodorous after being rewetted, and lime-stabilized
biosolids can cause odor problems if stored long enough for the pH to drop (allowing microbial
activity to resume). For compost curing, federal regulations require testing after prolonged stor-
age. If land application is your final solids management option, this section should also include
details on how sludge is handled prior to land application. For instance, if the material is stored
or stockpiled prior to land application, you need to describe how long, where, and under what
conditions the material is stored.
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CHAPTER 5

DATA QUALITY OBJECTIVES

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan

0 Description of the Facility Generating Sludge
—[ Data Quality Objectives

[ Selecting and Describing Sampling Points

[J Sample Collection Procedures

0 Sample Handling Procedures

O Evaluation of Completeness

[0 Record-Keeping and Reporting Procedures

Your data quality objectives (DQOs) represent the primary planning phase of your sampling
plan development. In this section, your task isto state as clearly as possible what the data
should look like and the minimum quality standards those data must meet. As stated previ-
ously, your overall goal or goals for the sampling plan have a strong influence on your qual-
ity standards and the need to document data quality. For example, if you are assessing
compliance with regulations, you may need more clearly defined and definitively documented
data than if you were using sampling data for process control. Once the quality standards are
set, the methods for evaluating the quality of the data and determining if quality standards
have been met should be specified.

The process of setting DQOs and measuring to determine if The process of developing
those objectives have been met is frequently referred to as data quality objectives has
quality assurance/quality control (QA/QC). The QA/QC e skleel BErE 6

process is not just applicable to the analytical portion of a

| sampling program. Field measurement and sampling proce-
dures must also conform to standards established prior to any
actual sampling event. All sampling and analytical methods,
procedures, and controls should serve to enhance the probabil-

serving as the basis for a
request for proposal (RFP)
in the procurement of
laboratory services.

ity that representative samples are collected and that the ana-
Iytical results accurately describe the quality of the sludge from which the samples originated.
In addition, the process of developing data quality objectives has the added benefit of serving
asthe basis for a request for proposal (RFP) in the procurement of laboratory services.
The issues that need to be addressed in this section of the sampling plan are:

e Desired or required analytes to be tested

e Analytical methods or protocols

* QA/QC standards and procedures

» Sample type, frequency, and size

e Cost of sampling and analysis
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Desired or Required Analytes to be Tested

If the goal of your sampling program is to demonstrate compli-
ance, then state and/or federal regulations determine the list of It is important that the
analytes for which sampling must be performed. Be awarethat ~ @Ppropriate rules (both
your biosolids disposal option dictates which regulations apply ~ State and federal) are con-
and ultimately the testing requirements. It is important that the ~ sulted when establishing
appropriate rules (both state and federal) are consulted when your target analyte list.
establishing your target analyte list.

Federal monitoring requirements for land application specify testing that measures pollutant con-
centrations, pathogen reduction, and vector attraction reduction. Disposal of sludge in a monofill
or solid waste landfill requires a different testing regime. For example, afacility that land applies
its biosolids should analyze its sludge for nutrients and total metals (e.g., arsenic, cadmium,

etc.); afacility utilizing composting may sample for nutrients, metals, and salts; and a facility
that landfills its Sludge may be required to test the sludge by a leaching method such as TCLP
extraction. Additional analyses may be required as regulations are changed. Appendix D lists the
analyses required for land application of biosolids under federal regulations (40 CFR Part 503)
and for the New England states and New York.

In cases where the goal of a sampling program is something other than demonstrating regulatory
compliance, the monitoring requirements are less rigid. In this situation operators generally base
their testing on operational needs and cost. For example, biosolids managers may choose to per-
form maturity/stability tests on their compost. These tests may not be required by regulation, but
they indicate the quality of the compost as a product and increase its marketability.

Analytical Methods and Protocols

Sewage sludge is a complex mixture composed of organic and inorganic material. This mixture
can be heterogeneous and vary over time with respect to its physical, chemical, and biological
properties. As discussed in Chapter 4, the character of the wastewater entering a POTW and the
type of wastewater and sludge treatment employed largely determine the properties of the solids
produced. The variahility and complexity of sludge increases the difficulty of sludge analysis.
The complex mixture of the sludge matrix can result in significant analytical interference. These
interferences can compromise the reliability of analytical data.

To ensure the best possible data quality, it isimportant to choose appropriate analytical methods.
An appropriate method is one that has been evaluated and determined to produce acceptable data
in terms of accuracy and precision. Generally, EPA or state regulatory agencies have evaluated
analytical methods to determine their acceptability for sludge analysis. Once an analytical proto-
col is chosen, it is important to use it consistently to enhance data repeatability and comparability.
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When compliance is your primary objective, the appropriate analytical method is fre-
quently specified in the applicable regulations. However, when implementing a sampling
program, be aware that there could be conflicts between state and federal rules relative
to acceptable analytical methodologies. As with analyte lists, care must be taken to
ensure that the applicable regulations are consulted and that required analytical proto-
cols are used when necessary. Appendix D lists the target analytes and the corresponding
analytical methods required for land application of biosolids as mandated by EPA, the
New England states, and New York.

Quality Assurance/Quality Standards and Procedures

A critical phase in the development of data quality objectivesis the formulation of a quality
assurance/quality control (QA/QC) plan. This phase of determining quality objectives may seem
overwhelming; however, environmental laboratories and/or EPA methods have established
QA/QC criteria. To evaluate an established QA/QC program or develop a plan, the relevant terms
must be understood. Understanding the language of QA/QC will make you a better and more
informed consumer of laboratory services.

Definitions
The following terms are commonly associated with QA/QC:

Quality Assurance (QA) — a plan, program, or system developed and instituted to assure
that a process or product meets required or desired quality standards. QA equates with
process control and sets standards for a process or product. In the case of analytical chem-
istry, a QA program sets standards for the quality of the analytical resultsin terms of the
accuracy, precision, comparability, and to some extent compl eteness.

Quiality Control (QC) — tools for systematic measurement to determine if the standards set
as part of the overall quality assurance program have been met. Blanks, duplicates, cali-
bration checks, and matrix spikes are examples of quality control tools used to assess
adherence with quality assurance standards. These tools alow laboratories to evaluate the
accuracy and precision of analytical results.

Accuracy —ameasure of how closely analytical results match atheoretical true value or
known concentration. In other words, it is the extent of agreement between an observed
value (sampling result) and the accepted or true value of the parameter being measured. It
is standard lab practice to add known amounts of an analyte to a sample and then analyze
the sample for that analyte. The result is compared to the known value and expressed as
“percent recovery.” The closer the percent recovery isto 100 percent, the more accurate
the results.

Precision —a measure of the repeatability of a process or analytical procedure. Precision
measures the level of agreement or variability among a set of repeated measurements
obtained under similar conditions. For example, a sample is chosen for repeat analysis,
producing two distinct analytical results. The results are compared to each other mathe-
matically and an absolute or relative deviation is calculated. A small deviation indicates a
more precise measurement. The results may not be close to the true value, but they are
repeatable within a certain tolerance.
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Comparability — the degree to which different methods, data sets, and/or decisions agree
or are similar. The concept of comparability can include:

» Reporting analytical results in consistent formats and units, compatible with regula-
tory requirements.

» Recognition that, when used to measure the same analyte, different analytical proce-
dures can produce significantly different results. For purposes of compliance, sam-
pling plans must conform to regulatory requirements or show that an alternate
method produces comparable results.

Completeness — the amount of valid data or results obtained compared with the amount
of data planned, generally expressed as a percentage. Here, valid results are defined as
analytical data that meet the precision and accuracy data quality objectives established as
part of the QA/QC plan. Completeness can be evaluated for a single sample or a data set
that has multiple results.

Detection Limits — an important consideration when devel oping data quality objectives. In
genera terms, detection limit refers to the lowest concentration that can be reliably
detected or reported for a given analyte using a given analytical method. Laboratories
report data referring to their detection limits by different names such as minimum detec-
tion limit (MDL), reporting detection limit (RDL), and

practical quantitation limit (PQL). Each one of these In all cases, the detection
terms has a dightly different meaning, but in each case |imit (whether MDL, RDL, or
they refer to the lowest concentration that a lab will PQL) should be below the
report for a given analytical method. In al cases, the specific regulatory limit in
detection limit (whether MDL, RDL, or PQL) should be  5rder to demonstrate

below the specific regulatory limit in order to demon- compliance.

strate compliance.

Developing a QA/QC Plan

Developing and implementing a QA/QC plan can seem like a daunting task for an opera-
tor of a small facility or anyone without previous experience. However, the development
process is somewhat simplified because of the availability of helpful resources. EPA-
approved analytical protocols, Standard Methods for the Examination of Water and
Wastewater, and the American Society of Testing Materials (ASTM) methods all provide
recommended appropriate QA/QC methods and mechanisms.

Generally, EPA methods are very prescriptive regarding calibration procedures, numbers
of duplicates and spikes, and other QCs that must be performed to document data quality.
EPA-approved analytical methods aso provide acceptance criteria for required QC efforts.
Further, if the lab performing the analyses is certified under the National Environmental
Laboratory Accreditation Program (NELAP) then that lab has shown that it is meeting
minimum requirements for QA/QC. Again, the key is to ensure that the QA/QC employed
by the lab is acceptable according to the rules for which compliance is being sought—if
that is the goal of the sampling effort.

Below are general guidelines for required QA/QC that are applicable to the field and labo-
ratory portions of a sampling plan. Please be aware that, particularly for the laboratory,
the necessary QA/QC will depend on the analyte and the analytical method being
employed. Appendix D lists more detailed information for specific EPA-approved analyti-
cal methods commonly used for biosolids analysis.
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Field QA/QC

In the field, QA/QC is sometimes overlooked. POTW operators should be aware that data
quality objectives and QA/QC start with the collection of the samples. Trip blanks, equip-
ment blanks, replicates, and field duplicates are examples of field QA/QC.

Trip and Equipment Blanks — samples carried into or collected in the field to assess the
potential for contamination of samples during the sampling process. Personnel taking
samples that will be analyzed for volatile organic compounds should carry atrip blank,
which is subject to the same conditions during sampling and transportation as the actual
samples. Analytes of interest detected in the trip blank are presumed to be extraneous to
the actual media being sampled and to originate from a different source. This callsinto
guestion results for any contaminant detected both in the trip blank and in the sample(s).

An equipment blank is used to evaluate the effectiveness of equipment cleaning proce-
dures and the potential that sampling equipment may be transferring contaminants from
one sample to another. An equipment blank should be collected when nondisposable sam-
pling equipment is used. To collect an equipment blank, pour distilled or deionized water
into and over cleaned sampling equipment. Allow the water to contact the sampling equip-
ment for a period of time that is similar to the time it would take to conduct the actual
sampling procedure. Depending on the analyses to be performed, it may be necessary to
collect blanks during every sampling event. If target analytes are detected in the blank,
then cleaning procedures or the type of sampling equipment used may need to be reevalu-
ated.

For analytical methods that do not explicitly require trip or equipment blanks, it is gener-
ally accepted that the collection of one trip blank and/or equipment blank for every 20
samples collected constitutes good field procedure. If target analytes are detected in the
blank, then cleaning procedures or the type of sampling equipment used may need to be
reevaluated.

Field Replicates and Duplicates — samples collected to assess the precision of the sam-
pling and analytical procedures as well as to evaluate the variability of the matrix being
sampled. Field replicates are samples (two or more) collected from the same source and
differentiated by the timing or location of their collection. For example, an operator might
collect a grab sample from a belt press for percent-solids analysis and then collect a sec-
ond grab sample 60 seconds later for the same analysis. These two samples are considered
to be replicates. If the first grab sample is divided in half and both halves are analyzed
separately for solids content, the two samples formed by dividing the original are consid-
ered to be field duplicates. Field duplicates are sometimes known as split samples. Again,
one set of field duplicates (or replicates) per 20 samples collected is a generally accepted
level of field quality control.
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Laboratory QA/QC

As discussed, EPA analytical methods generally specify the necessary QA/QC elements,
and environmental laboratories should have robust QA/QC programs based on method
requirements. To evaluate the quality of data generated by alab, you should review the
lab's QA/QC manual and evaluate the following:

» Analytical methods used to produce data

* QA/QC standards and procedures

 Detection limits

* Procedures for handling data that do not conform to data quality standards
» Procedures for reporting data that do not conform to data quality standards

» Lab performance based on certification status and lab performance samples

When compliance is your primary objective, it is imper-
ative that you confirm that the laboratory is using the
correct analytical methods, QA/QC, and detection limits
required by regulations. State and federal regulations

It is the responsibility of
the generator who is

commonly specify the analytical methods required to
assess compliance with pollutant limits, although they
do not typically require specific QA/QC procedures.
Regulators may, however, require you to document com-

procuring laboratory
services to review the lab
QA/QC plan to ensure that
detection limits and QA/QC

pliance, which may include documentation of your data
quality. Fortunately, published analytical procedures fre-
quently cite achievable detection limits and QA/QC pro-
cedures. Again, it is the responsibility of the generator
who is procuring laboratory services to review the lab
QA/QC plan to ensure that detection limits and QA/QC
procedures are consistent with the published methodol-
ogy and therefore acceptable with regard to demon-
strating compliance.

procedures are consistent
with the published
methodology and therefore
acceptable with regard to
demonstrating compliance.

Another aspect of evaluating laboratory QA/QC is the need to understand how labs handle
data and report results having associated QC (e.g., spikes, duplicates, calibration checks)
that do not meet QA standards. Key questions to consider include:

» Doesthe lab reject data and reanalyze samples for which the attendant QC is unac-
ceptable?

 |f data are reported, does the report clearly indicate if data quality is suspect and pro-
vide an adequate explanation? For example, some laboratories will report values
below their calibration range. However, the data will be qualified to indicate that the
reported value is only an estimate of the true value. It is important that labs identify
any data that are suspect as aresult of a defect or deviation from acceptable QC.

Another avenue for evaluating lab QA/QC, as well as general lab practice, isto ascertain
if the lab isinvolved with any laboratory certification programs such as the NELAP or
state certification programs.
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Key questions to consider include:
« If the lab holds certification, for which analyses and matrices (e.g., drinking water,
wastewater, soil, sludge) isit certified?
* Did the certifying authority conduct an onsite audit?
» Does the certification process include analysis of performance evaluation samples
that test the lab’s ability to produce accurate data? Participation in an accreditation

program provides some assurance that a laboratory has a credible QA/QC program
and produces relatively accurate and precise data that can be documented.

Additional guidance for assistance in selecting an environmental laboratory is provided in
Appendix E.

Sample Type, Frequency, and Size

The goal of any sampling plan isto collect samples that ade-

quately represent the whole sludge profile. The sampler wants
to be able to document that the physical, chemical and biologi-
cal quality of the sample he or she collects represents the char-

The challenge of any
sampling plan is to consider
and manage the variables

acteristics of the sludge that is used or disposed. As noted A e Te Semel g
dready, sludge is a complex, variable mixture whose chemical, ~Process In O_rder to produce
physical, and biological properties can be significantly influ-  FePresentative samples.

enced by the type of wastewater treatment and sludge treat-

ment processes used. Sludge complexity and variability increase the difficulty of collecting
representative samples. The challenge of any sampling plan is to consider and manage the vari-
ables inherent to the sampling process in order to produce representative samples.

If asample does not truly reflect the characteristics of the sludge from which it was derived, then
the test results are not meaningful. The type (grab or composite), frequency, and size of samples
to be collected are variables that can be controlled and that influence the representativeness of a
sample. Representativeness can be addressed, especially for sludge stockpiles, through random
sampling. For continuous processes, representativeness is best controlled through the number,
frequency, and size of the samples collected.

Establishing criteriafor the variables that produce a representa-

tive sample is part of the process of developing data quality The fact that a single
objectives. It is aso important to establish sampling parameters ~ sample meets regulatory

in advance and to maintain those parameters to enhance data standards is a far less
comparability over time. The fact that a single sample meets compelling demonstration
regulatory standardsis a far less compelling demonstration of of acceptable sludge quality

acceptable sludge quality than years of data that demonstrate the  than years of data that
same. The remainder of this section discusses establishing data ~ demonstrate the same.
quality objectives relative to sample type, frequency, and size.

Type of Sample (grab versus composite)

A grab sampleis a specific quantity of sludge collected at a specific time and location. A
single grab sample can only represent sludge quality at the time and place it was col-
lected. Extrapolating the analytical results of a single grab sample to represent an entire
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stockpile or continuous production is not valid. Grab sampling gains validity as historical
data accumulate. One instantaneous data point may not convincingly establish sludge
quality, but a database showing a consistent pattern may accurately depict sludge quality
over time. For continuous processes, improving the comparability of the grab sampling
data requires that equally sized samples are collected from the same location. The timing
of grab sample collection should be somewhat random to reflect temporal changesin the
sludge. Samples to be submitted for microbial analyses are normally taken as grab sam-
ples, so that the time between sample collection and analysis can be documented.
Additional information pertaining to microbial sampling is contained in Appendix F.

A composite sample is many grab samples that have been collected and mixed together
to form a single sample. Grab samples can be randomly collected from locations where
sludge is stored, such as aroll-off container or stockpile. In a continuous process, grab
samples are typically collected from the same location at a specific time interval over a
given period of time. The size of the sample can be weighted to reflect time elapsed or
flow. For example, a greater time or flow interval would require a proportionally larger
sample than a shorter time or smaller volume.

Generally, composite sampling is accomplished by collecting samples of equal size. In the
case of continuous processes, the time interval between grab samplesis typically kept
constant. For example, a 24-hour composite could be produced by collecting 100-milliliter
(mL) samples every hour from a conveyor moving sludge between dewatering and the
hauling vehicle. Data generated from the analysis of a composite sample are only repre-
sentative of the average sludge quality produced during the time frame over which the
sample was collected or of the “batch” that was sampled. As with grab samples, historical
data provide the best representation of sludge quality.

In composite sampling, the grab samples that comprise the composite should be com-
pletely and thoroughly mixed. During the analysis process only a small portion of the
overall sampleistaken for anaysis. If the composite sample is not thoroughly mixed, the
subsample that is removed for analysis may only be representative of a single grab. An
exception to the mixing rule would be samples that are collected for volatile organic com-
pound (VOC) analysis. In this case, the mixing process can promote the volatilization of
analytes such that the sample collected is no longer representative of the sludge being
sampled. For VOC samples, replicate analyses can be performed. If samples are extracted
and preserved in methanol, then composite samples can be produced by extracting grab
samples together or by creating a composite of the aliquots of extract from grabs that have
been extracted separately.

Frequency and Size of Samples

Broadly defined, frequency refers to the number of samples collected over a given period
of time. For example, according to requirements of the federal Part 503 regulations,
POTWSs may sample sludge for nine metals from one to twelve times per year, depending
on the amount of sludge the facility generates. Regulations generally specify the sampling
frequency on an annual basis. Sample size refers to the actual amount (weight or volume)
of the sample that is collected.

Analytical protocols require minimum sample sizes to ensure analytical accuracy and pre-
cision. Laboratories should be consulted well in advance of any actual sample collection
activities to ascertain the minimum sample size for each analytical method. Generally, if a
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|dea||y, a sample is small enough to be easily handled, preserved, and transported, but
large enough to represent the material being sampled. A larger sample is generally con-
sidered to be more representative than a small sample; however, it is important to bal-
ance this need for representation with the need for preservation and portability when
determining optimal sample size.

laboratory provides sample containers, these containers

hold a sufficient quantity of material to perform the Laboratories should be

required analysis. consulted well in
advance of any actual
Sampling frequency and sample size are interrelated sam- sample collection

pling parameters. If samples are collected over the course ~ activities to ascertain the
of ayear, this frequency equatesto alarger set of samples ~~ minimum sample size for
for the whole year’s production. Likewise, if asinglecom-  each analytical method.
posite sample is collected, the more grab samples that are

collected to form the composite, the larger the sample size. It bears repeating that a com-
posite sample may be no more representative than a grab sampleif it is not thoroughly
mixed. Again, alarger sample is more representative than a smaller sample.

The most commonly asked questions relative to sampling frequency, sample size, and
number of grabs per composite are “How often should | collect samples?’” and “How
many samples should | collect?’ Just as sample size and frequency are related, so are
these questions. For any particular analyte, a representative sample size or frequency can
be determined by evaluating the variability of the historical data for that analyte.

One measure of variability is standard deviation. It is measure of how much individual
data vary from the overall average of al data. A high standard deviation indicates that data
are highly variable and deviate widely from the average. A low standard deviation indi-
cates more consistent results that vary little from the average.

To determine the standard deviation of a historical data set use the following formula:

Where: S = standard deviation
X = average or mean of all data points
x = individual data points
N = number of data points in the set

— 2
z ‘X - x‘ = sum of square of the difference between the mean and
each individual data point

Most spreadsheet applications will automatically calculate ~ Most spreadsheet

standard deviation. After calculating the mean and stan- applications will
dard deviation, if the sum of the mean and the standard automatically calculate
deviation exceed the regulatory limit for the analyte in standard deviation.
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question, then more samples or more frequent sampling
is warranted. It could also indicate inadequate analytical ~ If @ facility has limited
precision. If afacility has limited historical data avail- historical data available, a
able, alook at sludge-quality data for similarly sized look at sludge-quality data
facilities with comparable industrial bases may be help- ~ for similarly sized facilities
ful. A more definitive method for calculating sampling  with comparable industrial
frequency or the appropriate number of grabs for acom- bases may be helpful.
posite sample is described in EPA's An Addendum to
the POTW Sudge Sampling and Analysis Guidance
Document, May 1992. The number of samplesis calculated as follows:

TZ 2
N = —5_2
(ke - )
Where: N = the minimum samples to characterize sludge

T = value of Student’st for the appropriate number of
historical data points at 90% confidence level —
See Appendix G

S = standard deviation

RL = the regulatory limit for the analyte in question

X = mean of the historical data

Other Factors to Consider

The size of your facility (influent flow) and the amount of sludge generated are factors to
consider when determining sampling frequency. EPA regulations recognize this by requir-
ing more frequent sampling at larger generators. In addition to the size of the facility, the
amount of mixing and detention time within your facility influence your ability to collect
representative samples. POTWs that have long wastewater detention times and extended
sludge ages and/or significant mixing in aeration basins or sludge digesters may be able to
take fewer grab samples over a shorter time period.

The final use or disposal option for the material sampled should be considered as you
establish sampling strategies. Land application increases the potential for environmental
exposure to the contaminants that may be in the biosolids. For example, increased sam-
pling and testing frequency is appropriate for biosolids that are land applied to food-chain
crops as opposed to materials that are disposed of in alandfill.

If your POTW has industrial users or storm sewers that
discharge to wastewater collection systems, you should ~ The timing of sampling

be aware of potential variability in the loading of pollu-  events should be scheduled
tants to your facility. Increases in these loadings ulti- to account for the sludge
mately affect sludge quality. This variability can be variability that may result
particularly pronounced if the loadings are random or from anticipated changes in
cyclic. For example, storms sewers produce a random pollutant loading.

loading event every time there is precipitation.
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Industrial users that batch-discharge their wastewater may produce cyclic loading. The
timing of sampling events should be scheduled to account for the sludge variability that
may result from anticipated changes in pollutant loading.

Costs of Sampling and Analysis

Although sampling costs and analyses are not generally considered in the development of data
quality objectives, if financia resources are insufficient to per-
form sampling and analysis that will meet the goals of the sam-
pling program, then either additional resources will needto be  To help ensure that limited
allocated or the goals of the sampling program will need to be  resources are used wisely,
reevaluated. If a sampling program is intended to demonstrate  you need to evaluate your
regulatory compliance but is inadequate for the task, unin- costs in light of your stated
tended legal and financial consequences may result. To help goals and data quality
ensure that limited resources are used wisely, you need to eval-  objectives.

uate your costsin light of your stated goals and data quality
objectives.

Laboratory Qualifications

Although not listed as a section for discussion in this guidance, laboratory qualifications should
be considered, given their obvious potential to affect data quality. Considerations in selecting a
laboratory include:

» Qualifications of the staff who will perform the analyses.

» Experience in analyzing sludge according to the required method.

» Adequate, appropriate, and proper implementation of QA/QC procedures.

» References from past and present customers.

» Caertification by alaboratory accreditation program, such as NELAP, which includes per-
formance evaluation samples and onsite audits.

The assessment of laboratory qualifications is particularly important when conducting microbio-
logical sampling and analysis because of the complexity of the sludge matrix and the scarcity of
qualified labs doing this type of analysis.

An important consideration when selecting a laboratory is their turnaround time for
completing the analyses. Sampling and analyses must be completed sufficiently in
advance of the biosolids ultimate use or disposal in order to assure that the analytical
results are received and compliance verified prior to the use or disposal of the biosolids.
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CHAPTER 6

SELECTING AND DESCRIBING SAMPLING POINTS

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan
O Description of the Facility Generating Sludge
O Data Quality Objectives

— [ Selecting and Describing Sampling Points

[J Sample Collection Procedures

O Sample Handling Procedures

O Evaluation of Completeness

[0 Record-Keeping and Reporting Procedures

_Any sampling plan must specifically and accurately identify and describe all sample collec-
tion points. This description should explain how the selected sampling points were chosen to
produce a representative sample that meets the goals of the sampling program.

The first step in selecting sampling points or locations for inclusion in a sampling plan is to
review the goals of your sampling program. Clearly defined objectives simplify the process of
identifying appropriate sampling locations. If demonstrating compliance with state and fed-
eral regulation is your primary concern, then appropriate sampling locations are to some
extent defined by the regulations. If your sampling is for process control, then logical sam-

pling points may be readily apparent. For example, if you want to document the efficiency of
your dewatering equipment, then the best sampling point would be the first accessible point
after the dewatered solids leave the dewatering device.

In Chapter 5, sample type, size, and sampling frequency were discussed as important factors
for obtaining a representative sample, the primary underlying objective of any sampling plan.
Choosing the appropriate sampling location is equally important. When choosing sampling
locations, the following factors should be considered:

* Representativeness

» Type of process—hatch or continuous
e Accessibility

o Safety

Representativeness

In amost all phases of developing a sampling plan, the issue of sample representativeness arises.
Your choice of sampling points can certainly affect the representativeness of a sample. For exam-
ple, if a POTW dudge is dewatered with a belt filter press and then conveyed to a pug mill for
lime stabilization, where is the most representative location to collect a sample? Isit the sludge
holding tank or thickener? Isit the sludge conveyor? Is it before or after lime stabilization?
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The best choice is the location that produces a representative sample that best meets the stated
goals of the sampling plan. If the POTW land applies its biosolids, then sampling sludge after the
pathogen and vector attraction reduction processes produces the
most representative sample of the material that will actually be ~ Compliance sampling

land applied. If an operator wishes to observe changesin sludge  generally requires that the
quality or track the fate of a specific pollutant during sludge pro- = sludge be collected at the
cessing, then samples from sludge holding tanks and completely — end of the sludge
processed sludge should be collected. Compliance sampling treatment process in the
generally requires that the sludge be collected at the end of the form in which it will be
sludge treatment process in the form in which it will be recycled  recycled or disposed.

or disposed.

Type of Process—Batch or Continuous

Choosing appropriate sampling locations also depends on whether your wastewater or sludge is
treated in a batch or a continuous process. For example, in a wastewater lagoon, sludge is treated
and stored in what amounts to a batch process. Sampling sludge from alagoon entails collecting a
number of grab samples from different areas throughout the lagoon. Biosolids in a stockpile or
roll-off container, which can be thought of as a*batch,” should be sampled in a similar manner. In
all of these situations, a composite sample is produced by collecting a predetermined number of
grab samples at random points throughout the batch. For larger areas, such as alagoon, it is best
to establish an imaginary grid system and collect grab samples randomly from within the grid.

Another example of a batch sludge process is dewatering using a plate and frame press.
Sludge is pumped into the press until it is full and then the water is removed by compres-
sion. After the compression cycle is complete, the press is opened and sludge is scraped
from each plate and allowed to fall into a container below. Grab samples are collected at
multiple locations from either the press or the container and combined to make a com-
posite sample. The key is that for batch situations, grab samples are collected from multi-
ple locations within the batch.

For continuous processes, multiple grab samples are collected from a single location within the
process over time. For example, sludge dewatered in a belt filter press is a continuous process.
To sample from a belt filter press, a predetermined number of grab samples are typically col-
lected from the first accessible location after the sludge has passed completely through the press.
Generally, this collection location is a point of conveyance between the press and a container or
truck in which the sludge will be stored until it is transported to its final destination. If such a
procedure is used for the collection of samples for microbial analysis, the samples should be col-
lected over a brief time (less than one hour) and the sample container should be cooled to
between 0 and 10 degrees Celsius (° C).

Accessibility

A sampling point must be reasonably accessible to be an effective location. Sampling cannot be
performed from alocation that cannot be reached. It should be recognized that the best sampling
point may not be accessible and that sampling will need to be performed at the next best point of
accessibility. Accessibility and safety are related in that a sampling point may be physically
accessible, but sampling from that location may present arisk of injury.

6-2 i



The Wastewater Treatment Plant Operators Guide to Biosolids Sampling Plans

When sludge is dewatered with a belt filter press, samples should be collected as the material exits
the press. Note the accessibility issues and potential safety hazards present.

Safety

Safety risks must be assessed for each potential sampling loca-
tion. If thereis arisk of injury inherent to a particular sam-
pling location, then consider a safer alternative. The entire
sampling process should always emphasize safety. Once you
choose a sampling location, identify the potential risks associ-
ated with that location, take the appropriate safety precautions,
and provide protective equipment.

Safety risks must be
assessed for each potential
sampling location. If there
is a risk of injury inherent
to a particular sampling
location, then consider a
safer alternative.

Typical Sampling Points

POTWSs can have awide variety of configurations in their sludge processing operations, including
anumber of acceptable methods for sludge stabilization, pathogen reduction, and vector attraction
reduction. This process variability means that appropriate sampling points can differ from facility
to facility. However, certain dudge treatment processes suggest common sampling locations.
Table 6-1 lists typical sampling points associated with common sludge treatment methods.
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Table 6-1. TYPICAL SLUDGE SAMPLING POINTS

Sludge Type

Sampling Point

Anaerobically Digested

Taps on the discharge side of positive displacement pumps

Aerobically Digested

1. Taps on discharge lines from pumps

2. If batch digestion, sample directly from digester.
Two cautions:

e If aerated during sampling, air entrains in the sample and
VOCs may purge with escaping air.

= When aeration is shut off, solids separate rapidly in a well
digested sludge.

Thickened Sludges

Taps on the discharge side of positive displacement pumps

Heat Treated

Taps on the discharge side of positive displacement pumps after
decanting

Two cautions:
* Tendency for solids separation

e High temperature of sample can cause problems with certain
sampling containers due to cooling and contraction of
entrained gases.

Lagoons

Use a “sludge judge” to collect samples from a randomized grid-
like pattern, then composite the collected samples.

Dewatered

1. Belt Filter Press,
Centrifuge, Vacuum
Filter Press

2. Plate and Frame Press

3. Drying Beds

1. Discharge chutes or conveyors

2. Random locations from the press or random locations from the
storage container

3. Random locations from grid system established over the beds

Stockpiles or Storage
Containers

Random points (varying the depths and locations) within the
stockpile or container

Compost

Random points (varying the depths and locations) within
stockpiles of finished compost ready for sale/distribution
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CHAPTER 7

SAMPLE COLLECTION PROCEDURES

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan
O Description of the Facility Generating Sludge
O Data Quality Objectives
[ Selecting and Describing Sampling Points
— [ Sample Collection Procedures
O Sample Handling Procedures
O Evaluation of Completeness
[J Record-Keeping and Reporting Procedures

After establishing data quality objectives and selecting appropriate sampling points, the next
step in developing a sampling plan is to establish and describe the sample collection proce-
dure. To ensure consistency, all elements involved in sample collection must be included.
Prior to sampling, all sampling equipment and procedures, as well as methods of cleaning
and preparing sampling equipment and containers, should be determined. Safety equipment
and precautions should be described. This attention to detail will help minimize potential
errors.

Equipment

Sludge and biosolids can have awide range of physical characteristics. Solids content can range
from 1 percent to over 90 percent. As a result, consistency =
can vary from liquid, to mud-like, to adry pelletized solid.
The equipment needed to sample a particular material must |
be appropriate for the physical properties of your sludge.

Sludge consistency can vary from a low percent solids (L) to a high percent SO|IdS (R)
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Equipment types The equipment needed to
Sampling equipment is generally divided into samplers ~ sample a particular material
used for liquids or solids. Listed below are some com- ~ must be appropriate for the
monly used and commercially available sampling physical properties of your
devices for collecting sludge samples. sludge.

» Common devices used for sampling liquid or flowable material

Graduated Cylinders or Pitchers: Vessels made of glass,
plastic, or stainless steel can be used to sample liquid or
semi-solid sludge collected from taps. The vessel can be
attached to a pole or other device to extend its reach or to
sample from open channels.

Composite Liquid Sludge Sampler: A composite liquid
sludge sampler or “coliwasa’ can be used to collect flow-
able dudge from a lagoon, tank, or other sudge contain-
ment areas. A “core’ or depth profile can be collected with
this device. The coliwasais typically a 5-foot long (longer
versions are comme-
cidly available) tube
fabricated from
metal, glass, or plas- Graduated Cylinder

tic. The bottom isfit-

ted with a mechanism that can be opened and closed
to collect a sample when the coliwasais lowered
into liquid dudge. To use the device, the bottom is
opened and sowly lowered into the udge. Once
the intended depth is reached, the bottom of the col-

A sludge judge can be used to collect sludge samples.

iwasa is closed and the sample is collected. The
sample collected is a composite of the sludge profile
at that point. A “dudge judge”’ isa similar device
that is typically used to measure the depth of the
dludge blanket in alagoon or tank. However, after
measuring the depth of the blanket, a sample of

dludge can be collected for anaysis.

» Common devices used for sampling solid or semi-solid material

Thief Sampler: Thisis most appropriately used for drier and more granular sludge
products such as compost or pellets. It is a useful tool for collecting a core sample
through the depth of a mass of material. The device is composed of two slotted tubes,
one of which fitsinside the other, and typically made of metal. Rotating the inner tube
closes the sampler. A similar sampling device known as a “Missouri D probe” can also
be used to collect dry or granular sludge.

To use this type of sampling device, the thief is pushed into the materia to be sampled
with the slots opened and oriented upward. Typically, the thief has a pointed or tapered
end to facilitate penetration. Once the thief has reached the desired depth, the inner
tube is rotated to close the slots and collect the material.

Trier: This device is most useful for sampling dewatered sludge that has manure or
mud-like consistency. Like the thief, atrier isideal for collecting core samples and is
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Missouri D Probe Trier Soil Auger, note drill-like cutters

used in asimilar manner. The trier is comprised of a single metal tube, generaly stain-
less steel or brass, which has been cut in half along its length. The end of the tubeis
sharpened to allow the trier to be more easily pushed into the material being sampled.
Commercially available probes for soil sampling have a similar construction and can
be used for the same purpose.

Auger: A s0il auger can be used to collect sludge samples that have hardened or been
compressed. The auger is particularly useful when atrier or thief cannot be successfully
pushed into the material being sampled. Augers typically consist of a metal handle and
extension attached to spiral drill-like metal blades. The auger is used to drill into the
sludge to collect a sample. The material can be collected
over the entire depth of the drilled hole to form a com-
posite sample, or the materia can be collected from a
specific depth in the Sludge for a grab sample.

Shovels and Scoops: These tools are useful for sam-
pling granulated, powdered, or other loose sludge. They
are particularly convenient to use when dewatered sludge
is being conveyed within the POTW.

Other Equipment: The tools described above are
employed for the actual collection of sludge samples.
However, avariety of other items are needed for sam-
pling biosolids. Table 7-1 provides alist of typical
Other commonly-used sampling tools sludge sampling equipment.
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Table 7-1. TYPICAL SLUDGE SAMPLING EQUIPMENT

Protective Gear:

Disposable gloves (such as nitrile or latex)
Tyvek sleeves
Face shield or other appropriate eye protection

Sample handling:

Bucket (accumulate and mix grab samples)
Tongue depressors (transferring sludge)
Small stainless steel hand trowel (transferring or mixing sludge)

Cleaning equipment:

Disposable towels

Soap, such as a low-phosphate laboratory detergent
Scrub brush

Rinse water

Deionized water

Tarp or plastic sheets

Foil or other protective wrap

Sample ID, marking, and labeling:

Labels for sample containers
Custody seals

Pens, pencils, markers
Chain-of-custody form(s)
Field notebook or sample log

Transporting and Preservation:

Sample containers
Cooler
Ice

Equipment Selection

All equipment that is used to collect and prepare sludge samples must be prepared so that it
does not contaminate or react with the material being sampled. Contamination can arise if
equipment is improperly cleaned or is made of materials that are released into the sample.
(Galvanized or chrome-plated implements must be avoided.) Relatively inert materials such as
Teflon, glass, or stainless sted are typically used for sampling equipment or containers.
However, Teflon and stainless steel are expensive, and glassis heavy and fragile. In certain sit-
uations, plastic, non-stainless steel, or aluminum sampling equipment can be used in place of
the preferred materials. However, care should be taken when using these substitute materials
because sample contamination could result when used

inappropriately. For example, if a dudge sample is col- ~ sampling equipment needs
lected for metals analysis, aplastic sampling deviceor con- g pe chosen based on the
tainer is acceptable; the plastic, however, can contaminate
a sample being tested for semi-volatile compounds.
Sampling equipment needs to be chosen based on the
analysis being performed as well as the consistency of the
material being sampled.

analysis being performed as
well as the consistency of
the material being sampled.
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Equipment Preparation and Cleaning

Before using sampling equipment for the first time and after every use, it must be thor-
oughly cleaned. Cleaning procedures may differ slightly, depending on the type of sam-
pling equipment and the analysis to be performed. For ease of cleaning, it is best to clean
eguipment as soon as possible after use, or at least to perform a preliminary rinse to
remove gross contamination. Sludge can be very sticky and hard to remove, especially
after it has dried and hardened.

Below is a generalized cleaning procedure that can be used to prepare sampling equip-
ment between sampling events:

1. Rinse equipment with warm tap water to remove the majority of solids.

2. Using a brush and standard low-phosphate lab detergent, scrub the equipment to
remove all residues.

3. After scrubbing, triple rinse the equipment with tap water.
4. For the final rinse, triple rinse with deionized water.

5. When sampling for microbial parameters, sterilize the sampling equipment by expos-
ing to high pressure steam of at least 121° C for at least 15 minutes.

Depending on your data quality objectives, it may be necessary to further decontami-
nate the sampling equipment with various cleaning solutions, depending on the particu-
lar analysis to be performed. If metals analyses employing stringent QA/QC objectives are
to be performed, rinsing with a dilute acid such as 10 percent nitric acid prior to the final
deionized water rinse is recommended.

If organic constituents are the target, an organic solvent such as methanol may be an
appropriate decontaminant. Depending on the compounds of interest and the level of
contamination in samples previously collected, it may be necessary to employ additional
organic solvents to ensure thorough decontamination. Regardless of the organic
solvent(s) used, it is best to conduct the final organic solvent rinse with a water-miscible
solvent such as methanol.

Any decontaminant solution should be compatible with the material it is being used to
clean to avoid damaging the sampling equipment. When using these additional deconta-
mination rinses, take special safety precautions and properly dispose of the used rinsate,
which may be considered a hazardous waste and must be disposed of accordingly.

This procedure can and should be modified to meet the needs of each specific sampling
program and its established data quality objectives. Upon completion of the cleaning pro-
cedure, air-dry the equipment and then wrap it in an inert material such as aluminum foil
to protect it until the next use.

|f the decontamination process is performed in the field, any rinsing done with acids or
organic solvents should be contained. The used organic rinse solutions should be col-
lected separately, containerized, and transported to the lab for proper disposal.
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To clean sampling equipment that does not come in contact with sampled material, a
detergent wash followed by triple rinsing with tap water and then deionized water is suffi-
cient. ASTM D5088 (Standard Practice for Decontamination of Field Equipment Used at
Nonradioactive Waste Stes) provides detailed guidance on equipment cleaning and decon-
tamination procedures.

As mentioned in Chapter 5, to ensure that cleaning pro-  As mentioned in Chapter 5,
cedures and techniques are adequate, equipment blanks ~ to ensure that cleaning
should be collected and analyzed for analytes of interest.  procedures and techniques
To collect an equipment blank, soak sampling equipment ~ are adequate, equipment
in deionized water overnight. The water should then be blanks should be collected
removed from contact with the sampling device, col- and analyzed for analytes
lected, and analyzed for potential contaminants. of interest.

Sample Containers

Like sampling equipment, sample containers should not add contaminants to or react with the
sampled material they hold. Sample integrity should not be compromised by the addition or
removal of analytes because of a container.

Compatibility and Cleaning

Generally, sample containers are
made of glass or plastic because these
materials are relatively inert and eas-
ily cleaned. Glass is a good choice for
sampling containers. The drawback in
using glass containersis that they can
be heavy and are easily broken.
Plastic containers have the advantage
of lighter weight and greater durabil-
ity; however, they are generally not
suitable for samples subject to analy-  Glass wide-mouth jars are commonly used for
sis for organic compounds because of  sludge samples.

the potential for phthalate contamina-

tion or adsorption of the target analyte to the sample container. Glass is the best choice for
organic constituents, but covers or caps should be lined with Teflon.

The cleaning procedure for sampling equipment is also applicable to sampling containers.
The cleaning protocol should be tailored to meet the data quality objectives for the subject
analysis. A quality control assessment of the cleaning procedure should be performed.
This can be accomplished by storing deionized water in previously cleaned container and
analyzing the water from the container during a subsequent round of testing.

|dea|ly, certified pre-cleaned, laboratory-grade containers should be provided by the
laboratory doing the sample analysis, thus eliminating the need for container cleaning by
sample collection staff.
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Although not strictly a compatibility or cleanliness issue, it
is most convenient to use wide-mouth bottles, particularly ~ Although not strictly a

for samples of sticky material. Wide-mouth jars are also compatibility or cleanliness
easier to clean. The size of the sample container must be issue, it is most convenient
large enough to hold an adequate amount of material for to use wide-mouth

the test being performed. In fact, it is preferableif the con-  bottles, particularly for
tainer is dightly oversized so it holds enough material to samples of sticky material.
also perform replicate or laboratory QC sample analyses.

The types of containers needed for particular analytical methods and the appropriate
cleaning and preparation procedures are typically specified in approved EPA analytical
methods. If analytical services are conducted by an outside environmental |aboratory,
sample bottles are frequently provided by the lab. Sampling staff should verify that the
bottles and their preparation are appropriate for the particular analytical method to be
employed and that they meet the data quality objectives of the sampling plan.

Table 7-2 provides general recommendations for sample containers for a variety of com-

mon sludge analyses. Appendix D shows the specific analyses required by statesin the
Northeast. It also includes requirements for sample containers.

Table7-2.  GENERAL RECOMMENDATIONS FOR SAMPLE CONTAINERS

Test Recommended Container/Size
pH 250 mL glass or plastic

Solids 250 mL glass or plastic

Mercury 250 mL glass or plastic

Other 503 metals 500 mL glass or plastic

Total phosphorus 250 mL glass or plastic

Nitrogen (nitrate, TKN, ammonia) 250 mL glass or plastic

Potassium 250 mL glass or plastic

Volatile Organic Compounds 40 mL glass vial with Teflon cap liner
Semi-volatile Organic Compounds 250 mL glass with Teflon cap liner
Pesticides/PCB 250 mL glass with Teflon cap liner
Dioxin 250 mL glass with Teflon cap liner
Microbiological test, FC, Salmonella, etc. 250 mL sterile plastic or glass
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Sampling Procedures

This phase in the development of a sampling plan involves preparation of standard operating pro-
cedures for implementation in the field. Significant planning has already established sampling
objectives, data quality objectives, sampling points, and other

procedures regarding the collection of a sample. Your descrip-  Your description of sampling

tion of sampling procedures should outline the actual proce- procedures should outline
dures that will be employed before, during, and after the the actual procedures that
collection of a sample. In order to adequately describe the will be employed before,
sampling procedures and promote consistency, the sampling during, and after the

plan should include an equipment checklist and a written
standard operating procedure (as described below) that can be
carried into the field.

collection of a sample.

Equipment Checklist — a convenient and reliable means for ensuring that sampling staff remem-
ber to bring everything needed for a successful sampling effort. Having the necessary equipment
clean and in good working order prior to arriving at the sampling site saves time and frustration
and is more likely to result in consistent sampling procedures, which in turn results in more
accurate and reliable analytical data. Some categories of equipment and specific items that might
be included in an equipment checklist are listed in Table 7-1. Appendix H contains an example
of an equipment checklist.

Standard Operating Procedure (SOP) — a standardized set of sampling procedures that pro-
motes consistent sampling and sample handling for each event and enhances data comparability.
Appendix H provides an example SOP for sampling sludge from a POTW. An initial SOP should
be afirst attempt to describe sampling procedures and is an important part of any sampling plan.
However, the SOP should not be a static document and should be reviewed and revised as proce-
dures are improved or changed.
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Standard Operating Procedures

It is recommended that an SOP address the following issues:
Preparation for Sampling

Steps need to be taken prior to beginning the sampling process. When preparing for a
sampling event, the following key considerations should be addressed:

< Notify the lab performing the analyses and schedule the sampling event.
« Assemble and/or clean sampling implements.
e Assemble and/or clean sample containers.

e Assemble and prepare any sample handling equipment (coolers, labels, note-
books, custody forms, markers).

Checklists are very useful in this portion of the SOP.

Sampling Procedures

Previous segments of the sampling plan discuss sam-
pling points, sample type (grab versus composite) and The SOP is the means by
other key criteria. The SOP is the means by which these \yhich these criteria are
criteria are conveyed to sampling staff or personnel
who may have occasional sampling responsibilities. The
SOP should inform those collecting samples about the
particulars of the sampling process, such as what,

conveyed to sampling staff
or personnel who may have
occasional sampling

when, where, and how sampling activities should be respons_ibilities. The SOP
conducted. Important details determined in other parts ~ should inform those

of the sampling plan that are relevant to the actual collecting samples about
process of collecting a sample should be included in the the particulars of the
SOP. The SOP should also include safety procedures sampling process, such as

necessary to protect sampling staff from potential risk
associated with the material to be sampled and the
procedures for sample collection. Instructions relative
to field QA/QC samples should also be provided in the
SOP.

what, when, where, and
how sampling activities
should be conducted.

Sampling Handling, After Collection

This portion of the SOP should specify how samples are processed and handled after
collection. Details relevant to the integrity, validity and documentation of the sample
after collection should be covered. These procedures should already have been deter-
mined, but the SOP describes how they will be implemented. Key information to con-
vey in this section includes:

e How the sample will be labeled and sealed.
< What information should be recorded in sampling field notes.
 How the sample will be preserved and transported.

e How chain-of-custody is maintained and documented.

See Chapters 8 and 9 for more information on post-collection sample handling.
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Safety

An important component of any sampling plan, process, or
event is the procedures developed and implemented to protect
sampling personnel from the potential hazards of sludge sam-
pling. Some of these hazards are typical of those faced by all
individuals working at wastewater treatment facilities. The
equipment, machinery, and working environment at any waste-
water treatment plant present inherent risks that must be ;
addressed to protect the health and safety of the workers. Safety ~ the potential hazards of
concerns for all POTW operators, regardless of their specific sludge sampling.

job function, include:

An important component
of any sampling plan,
process, or event is the
procedures developed and
implemented to protect
sampling personnel from

» Burns, electrocution, or injury from machinery or chemicals used in wastewater treatment
Processes.

e Explosion or asphyxiation from gases in confined spaces.

* |lIness from exposure to pathogens in wastewater.

All POTWs have safety plans or protocols that apply to the entire facility. These plans identify
the sources of risk and impose procedures to minimize or eliminate the hazard. Such safety
protocols should be cited in the sampling plan to provide procedures for reducing the risk of
injury. These safety protocols can also serve as areference and basis for safety procedures speci-
fied in the sampling plan. Safety procedures should address the following issues:

* ldentification of potential hazards

Identification of protective gear and its use
» Personal hygiene procedures and standard practice to reduce pathogen risk
» Consideration of the need for immunization against certain diseases

» Other specific practices necessary to avoid injury or illness

Wastewater treatment plant operators face a variety of potential injury and illness risks. Moisture
can create dipping and falling hazards. Limbs can be caught in machinery. Heat and pressure
associated with some treatment processes may cause burns. Many of these concerns are common
to any industrial workplace. Individuals involved in the collection of sludge samples can be at
risk for some of these common industrial accidents plus any pathogens that exist in wastewater
and sludge. Personal protective equipment, such as gloves and face shields, are needed to reduce
exposure to these pathogens. Immunization should be considered to prevent diseases such as
tetanus and hepatitis. Also, training in appropriate personnel hygiene during and after sampling
is important.

More information about safety precautions that should be taken when sampling and analyzing
samples can be found in Standard Methods for the Examination of Water and Wastewater
(APHA, 1992) in Sections 1060A and 1090C.
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Documentation

Documentation of sample collection efforts is important, especially when enforcement or legal
action could be associated with a particular set of samples. Also, the interpretation of analytical
results can be facilitated by an understanding of the conditions under which samples were col-
lected. Most frequently, however, sample documentation in the form of field notes and sample
labels verifies that samples were collected according to established SOPs. An example of afield
data sheet is contained in Appendix I.

Field Records

Sample Labeling

Field notes or logbooks that document a sampling event should include the following:

Sample identification
Sample location (sampling point)

Type of sample (composite or grab, number of grab samples and, for continuous
processes, the interval between grab samples; for composite samples, the number of
grab samples collected and their relative weighting)

Sampling equipment and a brief description of sampling procedure
Date and time of collection

Weather conditions

Analyses required

Notes on unusual conditions or deviations from established protocols

After asampleis collected, it is placed into a container or containers that are compatible with the
intended analyses. Sample collection sheets or chain-of-custody sheets are used to identify sam-
ples for analysisin the lab. However, sample containers themselves must be |abeled to corre-
spond to the information recorded on the custody sheet. Also, it is advisable that the sample
containers be labeled in a manner that clearly identifies the sample without referring to the cus-
tody sheet. The following information should be included on container labels:

Sample identification

Date and time of collection
Sample type (grab or composite)
Sample location

Person collecting sample
Preservative

Required test(s)
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CHAPTER 8

SAMPLE HANDLING PROCEDURES

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan
O Description of the Facility Generating Sludge
O Data Quality Objectives
[ Selecting and Describing Sampling Points
[J Sample Collection Procedures
—[ Sample Handling Procedures
O Evaluation of Completeness
[0 Record-Keeping and Reporting Procedures

A thorough sampling plan documents the procedures employed to preserve and protect the
material collected during the sampling event while it is being transported from the field to the
laboratory.

Sample Preservation

Preservation refers to sample handling processes aimed at pre-

venting or minimizing chemical or biological activity within To preserve field and

the sample after it has been collected. Preservation techniques  |aboratory biosolids

are different for sludge samples and liquid trip or equipment samples, cooling to 4° C is
blank samples. Sludge samples are generally preserved by (in most cases) the most
cooling and maintaining samples at 4° C. Depending on the appropriate method since

analytical method, liquid samples may be preserved with the

o : . - high-solids sewage sludge
combination of achemical preservative and chilling to 4° C.

cannot be mixed with other
preservatives. In addition,
laboratory personnel must
be notified if chemical
preservation is to be done
by laboratory staff.

To preserve field and laboratory biosolids samples, cooling to
4° Cis (in most cases) the most appropriate method since high-
solids sewage sludge cannot be mixed with other preservatives.
In addition, laboratory personnel must be notified if chemical
preservation is to be done by laboratory staff.

Sample Holding Times

For all environmental samples, the term “holding time” refers to the maximum amount of time
that can pass before a sample is analyzed and still obtain valid results. Specific holding times are
listed in the details of the particular analytical method used. Holding times can vary from severa
hours for microbial analysis to several months or longer for metals analysis. For composite sam-
ples, the holding time is assumed to commence when the last portion of sampled material has
been obtained.
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Samples analyzed beyond the maximum holding time generate questionable or invalid
results. Therefore, it is essential that analyses are conducted in a timely manner within

the specified holding times.

Appendix D lists the specific analyses required by states in the Northeast. It also includes
requirements for sample preservation and holding times. Specific analytical methods should
always be consulted well in advance of any sampling effort to confirm adherence to method
requirements regarding preservation and holding time. State and federal regulatory staff should
also be contacted to ensure that proper methods, containers, and preservatives are employed. In

addition, the following tables provide general examples of
preservation temperatures and maximum holding times,

Always refer to specific

from field collection to analysis, for typical biosolids sample  regulations or applicable

analyses.

Always refer to specific regulations or applicable permits
for holding times when sampling for permit compliance.

permits for holding times
when sampling for permit
compliance.

The information in Tables 8-1 and 8-2 is presented to provide general examples only.
You should consult the appropriate state and federal regulations and coordinate with the
laboratory conducting your analysis to determine specific methods, holding times, preser-
vation, and container requirements that are applicable. This should be done well in
advance of any sampling or analysis activities.

Table 8-1. PRESERVATION AND HOLD TIMES FOR
ANALYSIS OF BIOSOLIDS SAMPLES
Maximum Hold Time from

Analyte Preservation Field Collection to Analysis*
Aluminum Coolto 4° C 6 months

Arsenic Coolto 4° C 6 months

Barium Coolto 4° C 6 months

Cadmium Coolto 4° C 6 months

Chromium Coolto 4° C 6 months

Copper Coolto4° C 6 months

Lead Coolto 4° C 6 months

Mercury Coolto4° C 28 days

Molybdenum Coolto4° C 6 months

Nickel Coolto 4° C 6 months

Selenium Coolto 4° C 6 months

Silver Coolto 4° C 6 months
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Table 8-1 continued

PRESERVATION AND HOLD TIMES FOR
ANALYSIS OF BIOSOLIDS SAMPLES

Maximum Hold Time from
Analyte Preservation Field Collection to Analysis*
Zinc Coolto 4° C 6 months
Total Kjeldahl
Nitrogen Coolto 4° C 28 days
Ammonia Nitrogen Coolto 4° C 28 days
Nitrate Nitrogen Coolto 4° C 28 days
Total Phosphorus Coolto 4° C 28 days
Potassium Coolto 4° C 6 months
Chloride Coolto 4° C 28 days
Sulfate Coolto 4° C 28 days
Total Organic Carbon Coolto 4° C 28 days
Volatile & Semi-volatile
Organic Compounds Coolto 4° C 14 days
Co-planar PCB &
Dioxin Coolto 4° C 1 year
% Total Solids Coolto 4° C 7 days
% Volatile Solids Coolto 4° C 7 days
Fecal Coliform Coolto 4° C 24 hours
Salmonella Coolto 4° C 24 hours
Enteric Viruses Cool to between 0 and 10° C 48 hours when between
0 and 10° C

Freeze sample and hold 28 days when cooled to -70° C

at-70°C
Helminth Ova Cool to between 0 and 10° C 24 hours

* Refer to specific regulations or applicable permits for holding times when sampling for permit compliance.

Table 8-2.

PRESERVATION AND HOLDING TIMES FOR

TCLP ANALYSIS OF BIOSOLIDS SAMPLES

Preservation

Maximum Hold Time from
Collection to to TCLP Extraction

Organic Compounds Coolto 4° C 14 days
Mercury Coolto 4° C 28 days
Metals except Mercury Coolto 4° C 180 days
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Chain of Custody

Anintegral element of an effective sampling program (docu-
mented in a sampling plan) is the use of appropriate chain-of-
custody procedures to ensure that laboratory results can be
used for compliance, litigation, or enforcement purposes.
Chain-of-custody procedures are necessary to ensure the legal
integrity of sample materials collected and submitted to a labo-
ratory for analysis. The validity of the test results is enhanced
if it can be shown that after the samples were collected they
were maintained in a manner that protected them from tamper-
ing or interaction with adulterating chemicals. A chain-of-cus-
tody form is the written documentation of the security of a
sample from the time it is collected to the time it is transferred to the representative of the labo-
ratory that is conducting the analysis. An example of a chain-of-custody form is contained in
Appendix J.

A chain-of-custody form is
the written documentation
of the security of a sample
from the time it is collected
to the time it is transferred
to the representative of the
laboratory that is
conducting the analysis.

A sample is under your custody if:
e Itisin your possession.
e Itisin your view, after being in your possession.
* It was in your possession and then locked up to prevent tampering.

e Itisin a designated secure area.

Submittal of Samples

Anyone involved in biosolids sampling should, as a standard practice, request chain-of-custody
handling of their samples, especialy if the results may be used for compliance, enforcement, or
other legal purposes. Individuals collecting samples that require chain-of-custody procedures can
include regulatory personnel, staff of consulting companies under contract to a regulatory
agency, or a biosolids generator/manager taking samples to support a biosolids management pro-
gram.

Whether samples are hand-carried or delivered by courier to the laboratory, they must be prop-
erly preserved, individually sealed, and submitted with a chain-of-custody record. After the labo-
ratory receives the samples, a copy of this record should be returned to the sampling staff. To
track samples from collection in the field to receipt of alaboratory report, field sampling person-
nel may use either a generic or customized chain-of-custody
transfer record form.

If you do not seal individual

All too frequently, however, sample containers are not prop- sample containers with

erly protected with custody sedls. If you do not seal individual ~ Custody seals, they will not
sample containers with custody seals, they will not meet the meet the legal

legal requirements for chain-of-custody protected samples. requirements for chain-of-
custody protected samples.

While most |aboratories will accept samples that were not
maintained and transferred using this procedure, chain-of-custody documentation utilizing cus-
tody sealsisrequired in many instances to demonstrate that proper chain-of-custody procedures
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were followed in the handling and processing of samples. Samples that are handled and trans-
ported without evidence of proper custody may be inadmissible for compliance, enforcement, or
other legal purposes.

To further assure the admissibility of biosolids samples for legal purposes, field sampling person-
nel must observe the following protocols:

» Document in afield notebook all details regarding sampling activities. Documentation
must include exact information regarding date, time, location, names of people present,
unusual events, field measurements, details of sample storage and security, and transfer of
samples to others. If a composite sample is created from multiple grab samples, record the
number of grab samples and their relative weighting.

» Use the proper sampling containers, chemicals for sample preservation, coolers, sample
labels, chain-of-custody sealing tape, and chain-of-custody record form. Field personnel
should also carry with them alisting of acceptable holding times, sampling procedures,
and preservation techniques from the laboratory that will conduct the analyses.

» Collect samples according to standard procedures and
add a preservative if required. Field personnel needing Lab personnel must be
to break the custody seals at the laboratory to add notified if preservation is to
preservation chemicals should transfer custody to the be done at the lab by
laboratory after the samples are resealed. Lab personnel  |aboratory staff.
must be notified if preservation isto be done at the lab
by laboratory staff. The opening and resealing of sam-
ples must be documented in field notes and on the chain-of-custody form.

» After collecting samples, seal the top of each sampling container with a chain-of-custody
sedl, initial the seal, complete the identifying label, and store and transport the samplesin
a sealed cooler with ice—if thermal preservation is required. A secure container capable
of being sealed is acceptable if thermal preservation is not required. Once al samples are
sealed and stored, seal the cooler or container with a custody seal. This seal should be
signed by the person who placed the samples inside.

» Use pre-printed, adhesive-backed, chain-of-custody seals (designed for this purpose) on
sample containers and coolers. Masking tape, adhesive tape, or common Scotch tape
should never be used for chain-of-custody seals because these tapes can be removed with-
out showing evidence of tampering. A failure to use tamper-evident seals may render sam-
ples inadmissible for compliance, enforcement, or other legal needs.

* Never leave samples unattended unless they have been locked or secured with initialed
custody seals in place.

» Déliver samples to the laboratory supervisor or his’her designee, who will accept the sam-
ples and perform the following steps:

— Verify that correct containers were used and required preservation was performed.

Verify that all samples listed on the chain-of-custody record form are accounted for.

Verify that al containers are properly sealed, all seals are intact, and the chain-of-cus-
tody form and seals are completed correctly.

Accept the samples and sign the chain-of-custody record form.

Log samples into the laboratory’s sample data management system.
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— Store samplesin a designated locked refrigerator.
— Provide the designated individual with the chain-of-custody record form to file.

Chain-of-Custody Record Form

When using chain-of custody tracking procedures, it is essentia that sampling staff complete all
items on the chain-of custody record form upon completion of sample collection and prior to
submitting the samples to the laboratory. In some jurisdictions, a witness may be required to be
present during sampling to satisfy the chain-of-custody requirements of sampling. If awitnessis
required, they must also sign the form. The form should include the following elements and con-
siderations:

» The project name and number as assigned.

The sampler(s) (and witness-if required) must sign the form when samples are collected.
» The name of the laboratory performing the analysis.

e The sample location.

» The date and time of sample collection and whether the sample was a composite or grab.
» The description and number of containers, as well as the analyses to be performed.

e Thetotal number of sample containers per location and any remarks regarding the sample.

e The signatures and dates from both parties when custody is transferred from one person to
another. If someone other than the person whose signature appears at the top of the form
transports the samples to the laboratory, document the transfer of custody on the form.

If the sample isto leave the laboratory for any reason, the sample must be resealed and a chain-
of-custody record form reinitiated.

Transportation of Samples

From the time samples are collected, proper handling is critical to sample validity. Exposure to
extreme temperatures may compromise collected samples, and testing results may not accurately
reflect the true field conditions. Care should be taken to avoid leaving samples in places such as
vehicles, postal boxes, and other spaces that could expose them to extreme temperatures. High
temperatures can encourage growth of bacteria, which may degrade the organic componentsin a
sample. Freezing is also a concern because it can cause sample containers to break.

Prior to any sample-collection activity, it is very important that the holding times for particular
analyses are reviewed and that a suitable method of transporting the samples to the laboratory is
selected. For example, samples that have short holding times (e.g., the 6-hour holding time for
fecal coliform or salmonella analysis) should not be transported by commercial ground freight
service, as they will be received by the laboratory well beyond the allowable holding time. In
short, samples must be delivered to the laboratory in the most expedient manner possible follow-
ing their collection. Note, any material that is identified in the DOT Hazardous Materia Table
(49 CFR 172.101) must be labeled and transported as prescribed in the table. The three most
common methods of delivering samples to the laboratory are:

Hand delivery — This is the most common approach. Unless specia arrangements are made,
hand delivered samples should be submitted to a laboratory during its normal working hours

8-6 )



The Wastewater Treatment Plant Operators Guide to Biosolids Sampling Plans

and should only be relinquished to the laboratory supervisor or his’her designee.

Overnight-courier or package-delivery service — This method, using commercial carriers
such as FedEx or UPS, requires implementation of additional procedures. Thermal preserva
tion must be maintained by packing samples in a sealable cooler with a sufficient volume of
ice. (Note: “Blueice” and most other prepackaged coolants do not cool samples sufficiently.)
Unless specia arrangements are made, use overnight delivery so that samples arrive before
noon during the laboratory’s normal workday. It is aso highly recommended that sampling
events take place early in the week, so samples are received at the laboratory early in their
workweek. Samples should not be shipped on a Friday or immediately prior to a holiday
unless prior arrangements for receiving the samples have been made with the laboratory.

US Postal Service (USPS) — USPS will not accept for delivery any materials that are classi-
fied by the Department of Transportation and postal regulations as hazardous. This restric-
tion precludes USPS delivery of any biosolids samples except for Class A biosolids products.
If USPS delivery services are used, the overnight delivery option must be utilized. Be sure
that delivery is made directly to the laboratory—not to a centralized “mail room” facility. As
with overnight-courier or package-delivery services, samples must be cooled with ice, not
with “blueice” or other prepackaged coolants. Samples should not be shipped on a Friday or
immediately prior to a holiday unless prior arrangements for receiving samples have been
made with the laboratory.

However samples are delivered, and particularly when using overnight delivery, it is critical that
the samples are packed in a manner that ensures that the sample containers are protected from
breakage or leakage and that the proper preservation temperature is maintained.

Most laboratories will either reject samples outright or refuse to guarantee their analytical results
if samples are received outside of the range of the specified preservation temperature. Generally,
samples are required to be chilled to 4° C, with an acceptable range of plus or minus 2° C.

The following is an example of how samples (particularly liquid samples) should be packed for
shipping:

Packing Samples for Shipping

1. Insert two large plastic trash bags into the shipping cooler to create a double liner.
Immediately before packing the cooler, place an appropriate amount of ice into each of two
plastic zipper-lock bags. To prevent leaks, place each ice pack into an additional zipper-
lock bag. Seal each zipper-lock bag, expelling as much air as possible, and secure the top
with tape.

Note! Shipping companies may delay sample shipments if leakage occurs. Double liners
and zipper-lock bags around ice will prevent leakage and delays.

2. Place achilled cubitainer—typically a smaller insulated box that fits inside the larger
cooler—upright into the center of the lined cooler. Place the two ice packs into the cooler,
one on each side of the cubitainer.

3. Place each individual sample container into a zipper-lock bag, expel as much air as possi-
ble, seal the bag, and place inside the cubitainer.

4. If you will be monitoring the sample temperature during shipment, place a temperature
monitoring device (e.g., extra sample bottle for measuring sample temperature upon receipt
at the laboratory, thermometer vial, or Thermochron iButton) inside the cooler. Seal each
liner bag by twisting the top of the bag and tying in a knot.
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5. Peel the backing off a plastic airbill sleeve and attach the sleeve to the inside of the cooler
lid. Alternatively, tape a plastic zipper-lock bag to the lid of the cooler. Sign and date the
chain-of-custody form, and place it inside the plastic sleeve or zipper-lock bag on the inside
of the cooler lid.

6. Closethe cooler lid, seal the horizontal joints with duct or packing tape, and secure the lid
with tape by taping the cooler at each end, perpendicular to the seal.

Note! Shipping companies may delay sample shipments if leakage occurs. Be sure to seal
the cooler joints.

7. Peel the backing off of a second airbill sleeve and attach the sleeve to the outside of the
cooler lid. Complete the shipping airbill with the laboratory address, billing information,
sample weight, and shipping service. Remove the shipper’s copy of the airbill, and place
the remainder of the airbill inside the plastic sleeve.

8. Ship samples on the day of collection and use areliable shipping service for next-day deliv-
ery. If samples are not shipped on the day of collection, maintain the samples at |ess than
10° C (but not frozen) by storing in a refrigerator or cooler filled with ice.

9. Notify the laboratory of the sample shipment. Ask the laboratory to contact you to confirm
receipt. If the laboratory’s receipt of the samples is delayed, use the airbill number to track
the sample shipment, utilizing the shipping company’s web page or by contacting the ship-
ping company by phone.

At the Laboratory

Once the samples have been received in the laboratory, the supervisor or his’her designee is
responsible for their care and custody. That person should be prepared to testify that the samples
were in his/her possession or secured in the laboratory at all times—from the moment they were
received until the analyses were performed.
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CHAPTER 9

EVALUATION OF COMPLETENESS

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan
O Description of the Facility Generating Sludge
O Data Quality Objectives
[ Selecting and Describing Sampling Points
[J Sample Collection Procedures
O Sample Handling Procedures
—[ Evaluation of Completeness

[0 Record-Keeping and Reporting Procedures

mented in the sampling plan.

additional samples may need to be collected and evaluated.

Once a sampling plan has been devel oped, samples have been collected and transported to a
laboratory for analysis, and results from these analyses have been received, a follow-up step
must be conducted to verify that nothing unusual or unanticipated has occurred during the
process. The procedures used to accomplish this evaluation of completeness should be docu-

L | The evaluation of completeness should include a review of the analytical data received from
the laboratory and the effectiveness of the procedures used during the sampling event. It
should also discuss whether the initial questions driving the need to collect samples have
been adequately addressed. It isimportant to conduct this evaluation because if there are
errors or discrepancies from anticipated results, the samples may need to be retested or

Data Review

A number of specific items should be reviewed once analytical
information has been received from the laboratory performing
the sample analysis. The terms “data verification” or “data val-
idation” are often used to describe this process of review. The
datareview isintended to ensure that the data quality objec-
tives described in Chapter 5 have been met. The following
important information should be reviewed:

The data review is intended
to ensure that the data
quality objectives described
in Chapter 5 have been
met.

Analytical Methods — Verify that the laboratory performed the proper analyses, based on the
methods specified on the chain-of-custody. If the analytical results are to be used to demon-
strate compliance with state or federal 1and application regulations, then it is critical to also
verify that the analytical methods correspond to the appropriate methods specified in the

state or federal regulations.
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Detection Limits — Verify that the analytical results
received were analyzed at the appropriate detection limits.
Again, when using the analytical results to demonstrate
compliance with state or federal land application regula-
tions, the samples must have been analyzed using detection
limits that are lower than the applicable concentration lim-
its specified in the regulations.

QA/QC — Verify that the appropriate field and |aboratory
QA/QC samples were analyzed (by the appropriate analyti-
cal method and at the correct detection limits). Also,
review the results of duplicate, replicate, and spiked sam-
ples to be sure that the laboratory is demonstrating the
regquested precision and accuracy.

When using the analytical
results to demonstrate
compliance with state or
federal land application
regulations, the samples
must have been analyzed
using detection limits that
are lower than the
applicable concentration
limits specified in the
regulations.

Sample Size and Frequency — Because the person reviewing the analytical data may not be
the person who collected and submitted the samples to the laboratory, the data reviewer may
not be aware of potential changes to the sampling plan, based on field conditions. As a
result, the data reviewer should verify that all of the samples that were intended to be col-
lected were in fact collected and that all of the samples submitted to the laboratory were in
fact analyzed. For instance, if the sampling plan called for seven grab samples to be col-
lected and submitted for total metals analysis; the data reviewer should verify that seven grab
samples were in fact collected and that all seven samples received total metals analysis.

Reporting Format — The data reporting format (particularly as it relates to reporting units)
can be critical and should be reviewed to ensure that it is acceptable. If samples were col-
lected to demonstrate compliance or for other regulatory or legal purposes, specific reporting

formats and units may be required.

Accuracy of Billing — It is always advisable to review the invoices received from a con-
tracted analytical laboratory and reconcile them with the analytical results received to ensure

that there are no overcharges or other billing errors.

Review of Sampling Procedures

After samples have been collected, it is appropriate to review

your experiences with specific collection procedures, collec-

tion locations, and sample handling and transportation to eval-

uate the overall effectiveness of the sampling effort. This
evaluation and review is a good way to refine and optimize
your overall sampling processes. The following review will
help you determine process adequacy and allow you to ook
for opportunities for improvement:

1. Sampling Points — Key questions for review include:
* Were the sampling points accessible?

» Were the samples safely collected from the desired
sampling points?

After samples have been
collected, it is appropriate
to review your experiences
with specific collection
procedures, collection
locations, and sample
handling and
transportation to evaluate
the overall effectiveness of
the sampling effort.

» Did the sampling points provide representative samples?

» Arethere other potential sampling points that might be better suited for sample collec-

tion?
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Overall Review of Your Sampling Program

2. Sampling Procedures — Key questions to consider include:
» Was the equipment selected for sample collection adequate for the task?
* Were the methods of sample collection effective?

* If acomposite sample was collected, was the sludge treatment process amenable to
composite sampling?

e Could the sampling procedures be improved?
3. Sample Handling — Key guestions to evaluate include:

» Did the samples arrive at the laboratory intact and at the desired preservation
temperature?

» Were the samples analyzed within the desired holding times or were they unnecessarily
delayed due to transportation issues?

» Were the analyses of the samples unnecessarily delayed at the laboratory?
» Can the sample handling procedures be improved?

4. Record-Keeping — Record-keeping procedures should also be reviewed at this time.
Additional information pertaining to record-keeping proceduresis presented in
Chapter 10.

The period between when your analytical data are received from the laboratory and the analytical
results are submitted to a regulatory authority provides you with the opportunity to review the
overall effectiveness of your sampling program (as documented in the sampling plan) and of a
particular sampling event. Consistent review of the effectiveness of your sampling program ulti-
mately leads to better environmental data.

The following items or issues should be reviewed as you eval uate the effectiveness of your sam-
pling program. (Note: These items are biased toward a sampling program designed to demon-
strate compliance with state or federal land application regulations.)

» Was the sampling frequency, as defined by regulation, met? For instance, if quarterly sam-
pling is required, were samples collected and analyzed quarterly?

» Were enough samples collected to demonstrate compliance with the appropriate land
application regulations?

» Were the samples collected and submitted to the laboratory in sufficient time to alow the
analyses to be completed and the results reported before the biosolids sampled were used
or disposed?

» Do the analytical data demonstrate compliance with the appropriate land application regu-
lations?

 |If sampling was conducted for purposes other than demonstrating environmental compli-
ance, was the initial question or desire for more information sufficiently addressed based
on the sample results received?

Is additional or follow-up sampling necessary or desirable?
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CHAPTER 10

RECORD-KEEPING AND REPORTING REQUIREMENTS

ESSENTIAL ELEMENTS OF A SAMPLING PLAN

[J Goals of the Sampling Plan
O Description of the Facility Generating Sludge
O Data Quality Objectives
[ Selecting and Describing Sampling Points
[J Sample Collection Procedures
O Sample Handling Procedures
O Evaluation of Completeness
—[ Record-Keeping and Reporting Procedures

Although record-keeping and reporting are not technically part of the sampling process, any
sampling program that ignores these elements will lack documentation of the quality of its
sludge. Further, inappropriate or inadequate record-keeping
and reporting can be a violation of state and federal regula-

tions. If the primary goal of your sampling programisto Inappropriate or
demonstrate compliance with applicable regulations, then inadequate record-

poor record-keeping and improper reporting can cause serious  keeping and reporting can
problems. be a violation of state and

The following information is presented to highlight general federal regulations

record-keeping and reporting requirements under the federal

and state regulations governing disposal of sewage sludge. This information pertains to land
application and disposal at a sludge-only surface disposal facility (also known as a sludge-
only landfill). If your sampling program (as documented in your sampling plan) is being
developed for purposes other than sludge disposal, you may still find the information in this
chapter useful.

General Considerations

Federal regulations under 40 CFR Part 503 are very specific regarding record-keeping and
reporting requirements. The Part 503 rule specifies who must keep records, what records must be
kept, and how long records must be retained.

The record-keeping and reporting requirements applicable to EPA are found in 40 CFR 503.17
for POTWs that land-apply materials and in 40 CFR 503.27 for those that dispose material in a
sludge-only surface disposal facility. The following three EPA documents provide excellent guid-
ance on record-keeping:

 Part 503 Implementation Guidance, EPA 833-R-95-001, Office of Water, October 1995.
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Table 10-1.

» Preparing Sewage Sudge for Land Application or Surface Disposal: A Guide for
Preparers of Sewage Sudge on the Monitoring, Record-keeping, and Reporting
Reguirements of the Federal Standards for the Use or Disposal of Sewage Sudge, 40 CFR
Part 503, EPA 831B-93-002a, Office of Water, August 1993.

e Land Application of Sewage Sudge: A Guide for Land Appliers on the Requirements of
the Federal Standards for the Use or Disposal of Sewage Sudge, 40 CFR Part 503, EPA
831-B-93-002b, Office of Enforcement and Compliance Assurance, December 1994.

Some states may have monitoring requirements that exceed federal requirements. Additional
monitoring generally entails additional record-keeping and reporting. Table 10-1 cites the applic-
able sections of state regulations that pertain to record-keeping and reporting for the New
England states and New York.

The records that need to be retained depend on the quality of the material and its ultimate end
use. Some records need to be reported, while others need to be retained to support the informa-
tion submitted to the permitting authority. Both the POTWSs that generate material and those that
use or dispose material must keep records. States may have record retention requirements that
are more stringent than the federal 503 regulations. In addition to reviewing the federal guidance
documents cited in this chapter, you should also contact the appropriate state regulatory agency
to confirm the length of time that records must be kept. See Appendix L for regional regulatory
contact information for EPA, the New England states, and New York.

RECORD-KEEPING AND REPORTING REGULATIONS

IN NEW ENGLAND AND NEW YORK

State

Land Application

Sludge-Only
Disposal

Sludge Treatment
and Monitoring

Connecticut

CGS Section 22a-430 of
Chapter 446K

CGS Section 22a-430 of
Chapter 446K

CGS Section 22a-430 of
Chapter 446K

Maine 06-096 CMR 419 6. 06-096 CMR 401 4 06-096 CMR 409 F.
G. and H.
Massachusetts 310 CMR 32.20-26, 310 CMR 32.20 310 CMR 32.60

and 60

and 60

New Hampshire

Env-Ws 806.11
Env-Ws 806.12

Env-Ws 808.11
Env-Ws 808.12
Env-Ws 809.04

Env-Ws 807.06
Env-Ws 808.11
Env-Ws 808.12
Env-Ws 810.03

New York Title 6 NYCRR Title 6 NYCRR Title 6 NYCRR
360-4.7(c) 360-2.17(t) 360-5.5(e)

Rhode Island #12-190-008 #12-190-008 #12-190-008

Vermont Solid Waste Solid Waste Solid Waste

Management Rule
8§ 6-703, 6-704

Management Rule
88 6-703, 6-704

Management Rule
88§ 6-703, 6-704
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Record-Keeping for Sludge Preparers

Record-keeping and reporting should address two distinct activities: sludge preparation and
use/disposal. Sludge sampling at a POTW or other sludge treatment facility (e.g., a compost
facility) is a process that monitors the preparation of sludge. A sampling plan should therefore
focus on the record-keeping and reporting requirements applicable to sludge treatment and
preparation. Typical records that should be maintained by a facility preparing sludge for use or
disposal include:

» Data documenting pathogen reduction.

o Data documenting vector attraction reduction (VAR).

» Analytical data showing concentrations of regulated contaminants.

» The amount of sludge produced and its final disposition.
Records relating to pathogen reduction generally involve physical measurements (e.g., time, tem-
perature, pH, percent solids) that document that a specific operational standard associated with
an anticipated microbial kill has been met. Various processes have been documented for reducing
pathogen concentrations in biosolids. |mplementing these processes to meet established opera-
tional standards provides a degree of confidence that pathogen densities have been reduced to an
acceptable level. Examples of records that might be kept to document pathogen reduction are

time and pH for class B lime stabilization. With regard to the sale or distribution of class A
biosolids, records relating to actual microbial analyses must be maintained.

Record-keeping for VAR is similar to pathogen reduction. If biosolids are treated in a prescribed
manner, then vector attractiveness has been reduced. It is necessary to maintain records that
demonstrate that the process used meets the prescribed standards. The example used above —
maintaining time and pH records for lime stabilization — would also be applicable for VAR.

Record-keeping for analytical data involves retaining and organizing much of the information
collected during the sampling process. Some of this information would include:

» Date, time, and sample location.

e Sample type and method of collection.

» Name and contact information of laboratory performing analyses.

* QA/QC procedures.

* Analytical results.

Most data describi ng the who, what, when, where, and how of How long the records must
your sampling should be retained. Not al these data have to be be kept depends on the
reported, but the records should be kept. How long the records data and the applicable
must be kept depends on the data and the applicable regulatory regulatory requirements.
regquirements.

Most regulatory agencies want to know how much sludge a facility has produced and where it
went. Regulations typically require preparers to record:

» The total amount of biosolids produced.
» Each location where the preparer’s biosolids were used or disposed of .
» The amount received at each use or disposal location.
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Chapter 10: Record-Keeping and Reporting Requirements

In al cases, preparers should check state and federal regulations to determine exactly which
records they need to maintain. After determining your exact record-keeping needs, it is recom-
mended that you develop data forms, spreadsheets, or databases that include all the records.
These forms and record procedures should be included in the facility sampling plan. The sam-
pling plan should also include details on how long records will be maintained or archived.

Reporting Requirements for Sludge Preparers

Considerations sludge preparers should keep in mind regarding reporting include:
» Reporting term and deadline.
» Reporting format.
* Reporting units.
» Data and information that need to be reported.

Part 503 requires sludge preparers to report annually by February 19 on data collected during the
previous calendar year. What must be reported depends on how the sludge is treated to reduce
pathogens and vector attractiveness and the use or disposal option. Under federal regulations,
preparers must declare the methods and standard operating procedures used to treat their sludge
and certify that these methods and procedures were followed. Federal guidance should be con-
sulted to assure the certification process is performed properly.

One potential source of error in reporting is the use of incorrect
units. EPA requires that sludge amounts be reported in dry met-
ric tons, while states might require reporting in English tons,
either wet or dry. Preparers should ensure that the units used in
their reports are those required by the regulatory authority.

One potential source of
error in reporting is the use
of incorrect units.

Finally, some states may provide a specific reporting form. Such a form can make the reporting
process simpler for both the sender and recipient of the report because it clearly details what
needs to be reported and how. As always, state and federal regulations should be consulted to
determine exact reporting requirements. If you are not required to use a specific reporting form,
it is advisable to develop your own form to provide consistency. If you maintain a database, you
can develop reporting forms that will rapidly produce a report from data entered into the data-
base over the course of the year.

Other Record-Keeping or Reporting Requirements

POTW operators and sludge preparers may have other record-keeping or reporting requirements
associated with the land application or disposa of their sludge. Some of these record-keeping
and reporting responsibilities may not be directly related to a sludge sampling program. For
example, the location of land application sitesis subject to recording and reporting under federal
regulations, but this is not a consideration in the devel opment of a sampling plan. For POTWs
that contract land application or disposal services, the POTW may have to provide analytical
data produced by sludge sampling to the contractor. However, it may be the contractor’s respon-
sibility to report on the actual land application or disposal activities. Although these other record-
keeping and reporting activities are important and require attention, they are not generally
considerations in the development and execution of a sampling program.
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CHAPTER 10 REFERENCES
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APPENDIX A

SAMPLING PLAN WORKSHEET

The following worksheet can be used to develop a sampling plan for your facility. Where appropri-
ate, supporting chapters from the main body of this document have been referenced to assist you in
developing your own plan. An example of a completed sampling plan is included in Appendix B.
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SAMPLING PLAN WORKSHEET

(Please provide attachments as needed)

1. General Facility Information:
Facility Name:
Phone: ( )
Street Address:
City: State: Zip:

2. Contact Person:

Name: Title:

Phone: ( )

Street Address:

City: State: Zip:

3. Sampling Plan Objective(s): (For explanation, see Chapter 3)
Provide a statement that describes the goals of the sampling program.

4. Facility Information: (See Chapter 4)

A. Provide a brief general description of your facility.
(Example: conventional activated sludge treatment with anaerobic digestion)

B. Design Flow (MGD): Average daily flow (MGD):
Previous Year’s Annual Sudge Production (dry metric tons):

C. Briefly describe the screening, grit removal, and flow equalization process employed at your facility.

Sampling Plan Worksheet Page 1



D. Describe the industrial pretreatment program, including a list of permitted facilities, the nature of
their discharge, and the local limits to which they are subject.

E. Describe any treatment processes (such as advanced treatment for nutrient removal) that may affect
sludge quality.

F. Describe the source and generation of solids. Does the sludge contain primary solids? What is the
schedule and rationale for wasting of secondary sludge? How are solids stored? What is the dewa-
tering method and what chemicals are used in the dewatering process?

G. How is the sludge treated to achieve pathogen reduction and vector attraction reduction?

H. How will the material be used or disposed of?

5. Data Quality Objectives. (See Chapter 5 and Appendix D)

A. List the analytes for which testing is required.
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B. What analytical methods are required?

C. Soecify the required quality assurance and quality control for each analytical method used.

D. What type of samples will be collected (grab or composite)? If a composite sample is collected, how

many grab samples will be collected and what will be the interval between grabs? What will be the
sample size?

6. Sampling Points. (See Chapter 6)

Provide a detailed description of all sampling points along with the rationale for their selection.

7. Sample Collection Procedures: (See Chapter 7 and Appendix H)

Please provide a detailed standard operating procedure (SOP) describing the process used for collect-
ing samples. The step-by-step description should include all details pertaining to sample collection,

including a description of the cleaning and preparation procedures for sampling equipment and sample
containers.
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8. Sampling Handling Procedures: (See Chapter 8 and Appendix D, H, and J)
Describe the post-collection sample handling procedures employed to maintain sample integrity.

This description should explain how the samples will be preserved and transported, what the appropri-
ate hold-time is for each analysis, and whether a chain-of-custody is required.

9. Evaluation for Completeness. (See Chapter 9)

Describe the process to be used for evaluating the completeness of the sampling effort. Criteria for
evaluation might include: Were the goals of the sampling program met? Were data quality objectives
achieved? Do the data quality objectives or SOPs need to be revised?

10. Record-Keeping and Reporting: (See Chapter 10)

Provide a description of record-keeping procedures. The description should explain what information

will be retained and for how long, how the information will be stored, and what records are required to
be reported.
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APPENDIX B

ExXAMPLE OF A COMPLETED SAMPLING PLAN WORKSHEET

This example of a completed sampling plan worksheet has been included to illustrate the informa-
tion necessary to document a sampling program for demonstrating compliance with the federal 503
land application requirements. In this example, Attachment A has been devel oped from information
contained in Appendix D and Attachment B has been developed from information in Appendix H.
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SAMPLING PLAN WORKSHEET

(Please provide attachments as needed)

1. General Facility Information:
Facility Name:  Example Wastewater Treatment Facility
Phone: (123) 456-7891
Street Address: 10 Example Road
City: Example State: EX Zip: 12345

2. Contact Person: John Example
Name: John Example Title: Chief Operator
Phone: (123) 456-7891
Street Address: 10 Example Road
City: Example State: EX Zip: 12345

3. Sampling Plan Objective(s): (For explanation, see Chapter 3)
Provide a statement that describes the goals of the sampling program.

To demonstrate compliance with Federal Part 503 requirements for the land application of sewage
sludge.

4. Facility Information: (See Chapter 4)

A. Provide a brief general description of your facility.
(Example: conventional activated sludge treatment with anaerobic digestion)

Extended aeration facility

B. Design Flow (MGD): 1.0 Average daily flow (MGD): 0.75
Previous Year’s Annual Sudge Production (dry metric tons): 175

C. Briefly describe the screening, grit removal, and flow equalization process employed at your facility.

Pretreatment includes a bar rack and comminutor
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Appendix B: Example of a Completed Sampling Plan Worksheet

D. Describe the industrial pretreatment program, including a list of permitted facilities, the nature of

their discharge, and the local limits to which they are subject.

Permitted Pretreatment Facilities, Flow, Monitoring, and Local Limits
Local Limits
Avg.
Permittee’s Type of Avg. Daily Monitoring Max Daily
Name Discharge Discharge (gal.) |Frequency Analyte (mg/L) (mg/L)
Total CN 19 10
Cu 45 27
Ni 41 26
Example ;r 12 :2
. . n . .
Plating, Inc. Electroplating 3,000 Quarterly o 06 04
Cd 1.2 0.7
Total Metals | 10.5 6.8
TTO 4.57 --
BOD; 500 200
Example Foods, | Food processing |10,000 Quarterly TSS 50 30
Inc. pH (SIV) 9.0 75

E. Describe any treatment processes (such as advanced treatment for nutrient removal) that may affect

sludge quality.

No advanced treatment or special processes that influence sludge quality or quantity

Describe the source and generation of solids. Does the sludge contain primary solids? What is the
schedule and rationale for wasting of secondary sludge? How are solids stored? What is the dewa-
tering method and what chemicals are used in the dewatering process?

The only source of solids is from the final clarifiers. There is no primary sludge. Sludge is
wasted to a sludge holding tank on a daily basis. About 10,000 gallons are wasted from the
system once per day to maintain a MLSS of 2000 mg/L. in the aeration basins. The sludge
holding tank is used to store and thicken sludge prior to dewatering. Sludge is dewatered on a
1.5-meter belt filter press using polymer and lime. Dewatering is done during an 8-hour shift,
five days per week.

. How is the sludge treated to achieve pathogen reduction and vector attraction reduction?

To achieve pathogen reduction, this facility uses EPA Class B alternative 2, Processes to
Significantly Reduce Pathogens (PSRP), specifically 40 CFR Part 503.32(b)(3) Appendix B, A.5.
Lime stabilization. Vector attraction reduction (VAR) is accomplished by VAR alternative 6,
specifically 40 CFR Part 503.33(b)(6), lime stabilization.

. How will the material be used or disposed of?

Land application to corn and hay fields
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5. Data Quality Objectives: (See Chapter 5 and Appendix D)

A. List the analytes for which testing is required.
For land application under Part 503, testing would include the analytes in Attachment A

B. What analytical methods are required?
See Attachment A

C. Soecify the required quality assurance and quality control for each analytical method used.

For the metals shown in Attachment A, SW-846 Method 7000A specifies the QA/QC
requirements. These requirements should be met along with any QA/QC requirements imposed
by the specific analytical method used.

D. What type of samples will be collected (grab or composite)? If a composite sample is collected, how
many grab samples will be collected and what will be the interval between grabs? What will be the
sample size?

For each sampling event involving metals and nitrogen, 8 grab samples (approximately 200 mL)
collected 1 hour apart will be mixed to form a composite sample. Based on federal
requirements, this facility must test for metals at least once per year. To ensure compliance
and public acceptance, metals samples will be collected quarterly. Also, one duplicate sample
will be collected each quarter.

For pH analysis, two grab samples will be collected. One sample will be collected at the
beginning of a dewatering shift and the other at the end. Both samples will be analyzed in the
following manner. A portion of the sample will be analyzed immediately after collection to
establish an initial pH. After two hours, a second portion of the sample will be tested for pH
to document that pathogen reduction has been achieved. A final portion will be analyzed 22
hours later to demonstrate VAR.
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Appendix B: Example of a Completed Sampling Plan Worksheet

6. Sampling Points. (See Chapter 6)

Provide a detailed description of all sampling points along with the rationale for their selection.

Samples will be collected as sludge falls from the belt filter press into roll-off container below.
Please see pictures below.

7

o
g ——
-

Picture 1. Belt Filter Press/Sampling
Point

iy

Picture 3. Close-up of Sampling Point
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7. Sample Collection Procedures: (See Chapter 7 and Appendix H)

Please provide a detailed standard operating procedure (SOP) describing the process used for collect-
ing samples. The step-by-step description should include all details pertaining to sample collection,
including a description of the cleaning and preparation procedures for sampling equipment and sample
containers.

See Attachment B

8. Sampling Handling Procedures: (See Chapter 8 and Appendix D, H, and J)
Describe the post-collection sample handling procedures employed to maintain sample integrity.

This description should explain how the samples will be preserved and transported, what the appropri-
ate hold-time is for each analysis, and whether a chain-of-custody is required.

See Attachment B

9. Evaluation for Completeness. (See Chapter 9)

Describe the process to be used for evaluating the completeness of the sampling effort. Criteria for
evaluation might include: Were the goals of the sampling program met? Were data quality objectives
achieved? Do the data quality objectives or SOPs need to be revised?

In January of each year in preparation for reporting under Part 503, the previous year's sampling
efforts will be evaluated. The following criteria will be evaluated:

1) Was all required sampling performed?

2) Were data quality objectives met?
a) analytical protocols
b) detection limits
c) reporting units
d) Analytical QA/QC
e) Field QA/QC

3) Were required sample handling and preservation procedures followed?
4) Were the SOPs used and followed?

5) Were SOPs adequate or are revisions necessary?

6) Were record-keeping and reporting procedures adequate?
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10. Record-Keeping and Reporting: (See Chapter 10)
Provide a description of record-keeping procedures. The description should explain what information
will be retained and for how long, how the information will be stored, and what records are required to

be reported.

The facility has developed a database that includes the following data:

Sample Tracking for Metals and Nitrogen Samples

Time of Time of
Collection Collection of Date Received Date Reported
Date of sample for Each Grab Composite by Lab Date Analyzed by Lab

O NO A wN

Sample Tracking for pH Samples (In-house testing)

Initial pH pH after 2 hrs. pH after 22 hrs.
Time 9f Time of Time of Time of
Date of sample Collection Analysis pH Analysis pH Analysis pH
The following analytical records will be kept.
Concentration
Samp|e Date As Cd Cu Pb Hg Mo Ni Se Zn TKN NH3 NO3

The above records along with the individual sample custody sheets will be kept for five years.
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Appendix B: Example of a Completed Sampling Plan Worksheet

ATTACHMENT B — SLUDGE SAMPLING PROCEDURE

1. A week to severa days prior to the proposed sampling, confirm or schedule sludge processing (dewater-
ing and treatment) to ensure that sludge in the appropriate form (liquid versus dewatered, untreated cake
versus treated hiosolids) is available for sasmpling at the proposed date, time, and sampling point.

2. A week to several days prior to the proposed sampling date, schedule/confirm that contract lab perform-
ing the analyses is ready and willing to accept samples on the proposed sampling date.

3. At least one day before collecting samples, assemble the equipment necessary to accomplish the pro-
posed sampling. Ensure that all equipment is clean and in good working order (see attached checklist and
cleaning procedure).

4. On the day of sampling, obtain ice for sample storage and transportation and place in sample coolers.

5. After arrival in the dewatering room, evaluate dewatering operations. Any observable deviations from
normal operation should be noted prior to collecting samples.

6. Put on nitrile gloves and any other required/desired personal safety equipment.

For Metals and Nitrogen:

7. To collect acomposite sample for metals, TKN, NH,, and NO, analyses, take the first of 8 grab samples
from the belt filter press as biosolids fall into the roll-off container. All grab samples should be collected
using a 500 mL Teflon beaker and a stainless steel trowel, and should be approximately 200 mL in vol-
ume. After collecting each grab sample, place the sample in the stainless steel bucket and record the time
of collection. Wait one hour and collect the next grab sample. Repeat the process until all eight grab sam-
ples are collected. Between collecting of grab samples, the previously collected material should be kept
cool (at or around 4 degrees Celsius). Ensure that any required or planned field duplicates or blanks are
also collected.

8. Once the last grab sample has been collected, thoroughly mix all material accumulated in the stainless
steel bucket using a stainless steel trowel. The goal of the mixing processis to produce a homogeneous
sample. After the material is completely mixed, record the current time as the composite sample collec-
tion time.

9. After mixing, label al sample containers with the following information:

a) Sample ldentification (ID) Number
b) Date and time of collection

¢) Sample location

d) Person collecting sample

€) Preservative

f) Required test(s)

(i B-10 )



The Wastewater Treatment Plant Operators Guide to Biosolids Sampling Plans

10. After labeling, fill each individual sample container with portions of the homogenized sample within the
stainless steel bucket.

11. After each sample container isfilled, seal it with a signed custody seal and place on ice in a cooler for
transportation to the laboratory.

12. Prior to delivering the samples to the lab, complete a chain-of-custody form to document proper sample
handling.

13. After sample delivery, clean all equipment according to established procedures and store in a clean, dry
area (see below).

For pH sampling:

14. To collect pH samples, collect one grab sample of about 400 mL in a glass beaker at the beginning of a
dewatering shift and another grab sample at the end of the shift. A field duplicate should be collected for
every twenty samples.

15. Record the time of collection for each sample and label each beaker with the date and collection time.

16. Analyze each sample three times to demonstrate pathogen reduction and vector attraction reduction
(VAR). Samples should be stored at 4 degrees Celsius between analyses.

I B-11 T




Appendix B: Example of a Completed Sampling Plan Worksheet

EQUIPMENT CHECKLIST

1) Protective Gear

a. Nitrile gloves

b. Tyvek sleeves

2) Sample handling and collection
a Stainless steel bucket
b. 500 mL Teflon beaker
c. Stainless steel trowel
d. 500 mL glass beaker (2)

3) Transporting and preservation

a. Sample containers

b. Sample cooler — Obtain sample cooler from contract lab. Ice can be purchased locally.

1) For metals and nitrogen: use containers provided by the contract lab.
2) For pH: use beakers prepared in-house according to established cleaning procedures.

4) Sample ID and Documentation

a. Markers and pens
b. Sample container labels
c. Custody seals

d. Chain of custody/sample submittal form
e. Field notebook/sample log/data sheet

5) Cleaning equipment

a. Disposable towels

b.

@«

- o 2 o a o

Soap

Scrub brush

Rinse water

Deionized water

10% hydrochloric acid solution
Rinse water

Deionized water

Aluminum foil or plastic wrap

B-12
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EQUIPMENT PREPARATION AND CLEANING PROCEDURE

The following cleaning procedure is used to clean all plastic, glass, or stainless steel equipment used to col-
lect sludge samples:

1) Rinse equipment with warm tap water to remove the majority of solids.

2) Using a brush and alow-phosphate lab detergent, scrub the equipment to remove al residues.

3) After scrubbing, rinse the equipment three times with tap water.

4) Next, rinse the equipment with a 10% hydrochloric acid solution - allow at least 30 seconds of contact
time.

5) Perform afinal rinse, which should be a triple rinse with deionized water.

6) After cleaning, alow the equipment to air-dry. To store, cover beakers and buckets with clean aluminum
foil or plastic wrap. Sampling implements should also be wrapped in foil or plastic wrap to keep them
clean while in storage.

Note: This cleaning procedure is applicable only when sampling for metals, nitrogen, and pH. To sam-
ple for other analytes, especially organic contaminants, these procedures should be modified.
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APPENDIX C

PATHOGEN REDUCTION AND VECTOR ATTRACTION REDUCTION
(PR/VAR) METHODS AND OPTIONS

The following information describes the methods and options available to demonstrate PR/VAR,
as listed in the federal 503 land application regulations. The information for Table C-1 through C-4
was taken from EPA’'s A Plain English Guide to the EPA Part 503 Biosolids Rule (EPA/832/R-
93/003). The information for Table C-5 was taken from EPA’s Environmental Regulations and
Technology: Control of Pathogens and Vector Attraction in Sewage Sludge (EPA/625/R-92/013,
revised July 2003).




This page is intentionally blank.



The Wastewater Treatment Plant Operators Guide to Biosolids Sampling Plans

Table C-1

Summary of the Six Alternatives for
Meeting Class A Pathogen Requirements

In addition to meeting the requirements in one of the six allernatives listed
below, the requirements in Table 5-2 must be met for all six Class A alternatives.

Alternative I; Thermally Treated Riosolids
Biosolids must be subjected o one of four ime-lemperature regimes.
Alternative 2; Biosolids Treated in a High pH-High Temperature Process
Biosolids must meet specific pH, temperature, and air-drying requircments.
Alfernative 3; Biosolids Treated in Other Processes

Demonstrate that the process can reduce entenic viruses and viable
helminth ova. Maintain operating conditions used in the demonstration
after pathogen reduction demonstration is completed.

Alternative 4: Biosolids Treated in Unknown Processes

Biosolids must be tested for pathogens—Salmonella sp. or fecal coliform
bacteria, entenc viruses, and viable helminth ova—at the ome the
brosolids are used or disposed, or, in certain situations, prepared for use o
disposal.

Altermative 5: Biosolids Treated in a PFRP
Biosolids must be treated in one of the Processes 1o Further Reduce
Pathogens {PFRFP) (see Table 5-4).

Alternative 6: Biosolids Treated in a Process Equivalent to a PFRP

Biosolids must be treated in a process equivalent to one of the PFRPs, as
determined by the permitting authority.

C-1



Appenidix C: Pathogen Reduction and Vector Attraction Reduction (PR/VAR) Methods and Options

Table C-2

Processes to Further Reduce Pathogens (PFRPS)
Listed in Appendix B of 40 CFR Part 503

1. Composting

Using either the within-vessel composting method or the statc acrated
pile composting method, the iemperature of the bosolids 15
maintained at 55°C or higher for 3 days.

Using the windrow composting method, the temperature of the
biosolids is maintained at 55°C or higher for 15 days or longer. During
the period when the compost is maintained at 55°C or higher, the
windrow is turned a minimum of five imes.

2. Heal Dirying

Biosolids are dried by direct or indirect contact with hot gases to
reduce the moisture content of the biosolids to 10 percent or lower,
Either the temperature of the biosolids particles exceeds #0°C or the
wet hulh temperature af the gas in contact with the biosolids as the
biosolids leave the dryer exceeds 807C.

3. Heat Treatment

Liquid biosolids are heated 1o a temperature of 180°C or higher
for 30 minutes.

4. Thermophilic Aerobic Digestion

Liquid biosolids are agitated with air or oxvgen o maintan acrobic
conditions, and the mean cell residence time of the hiosolids is
10 days at 55 to 60°C.

5. Beta Ray Irradiation

Biosolids are irradiated with beta rays from an amtri!{'.mmr at dosages
of at least 1.0 megarad at room temperature (ca. 200°C).

i, Gamma Ray Irradiation

Biosolids are irradiated with gamma ravs from certain isolopes, such
as Cobalt 60 and Cesium 137, at room temperature (ca. 207C).

T. Pasteurizathon

The temperature of the biosolids is maintained s T0°C or higher for
M) munutes or longer.
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Table C-3

Summary of the Three Alternatives for
Meeting Class B Pathogen Requirements

Alternative I; The Monltoring of Indicator Organisms

Test for fecal coliform density as an indicator for all pathogens, The
peometnc mean of seven samples shall be less than 2 million MPNs per
gram per total solids or less than 2 million CFUs per gram of wotal solids
at the ime of use or disposal

Alternative 2: Riosolids Treated in a PSREP

Biosolids must be treated in one of the Processes to Significantly Reduce
Pathogens (PSREP) {see Table 5.7},

Alternative 3: Biosolids Treated in a Process Equivalent to a PSRP

Biosolids must be treated in a process equivalent 1o one of the PSRPs, as
determined by the permitting authonty,

Table C-4

Processes to Further Reduce Pathogens (PFRPSs)
Listed in Appendix B of 40 CFR Part 503

1. Aerobic Digestion

Biosolids are apitated with awr or oxyeen (o maintain aerobic conditions
for a specific mean cell residence time at a specific temperature. Values
for the mean cell residence tme and temperature shall be between 400 days
at 200°C and 60 days a 15'C.

2. Air Drying

Bioschds are dried on sand beds or on paved or unpaved basins, The
hiosolids dry for a minimum of 3 months, During 2 of the 3 months, the
ambient average daily temperature is above 07'C.

A, Anacrobic Digestion
Biosolids are treated in the absence of air for a specific mean cell
residence time at a specific iemperature, Values for the mean cell
residence time and femperature shall be between 15 days at 15°C to 55°C
and 60 days at 20°C

4, Composting

Using either the within-vessel, static serated pile, or windrow composting
methods, the temperature of the biosolids is raised to 40°C or higher and
maintained for 5 dayvs. For 4 hours dunng the 5-day penod, the
temperature in the compost pile exceeds 557C.

5. Lime Stabilization

Sufficient lime is added 1o the biosolids to raise the pH of the biosolids to
12 after 2 hours of contact
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Appenidix C: Pathogen Reduction and Vector Attraction Reduction (PR/VAR) Methods and Options

Table C-5

Vector Attraction Reduction Options
Requiremean What i5 Required? Wicest Appropriate For
Opln 1 A8 least 1% reduction in volatle solds durng Seneags by
503.2300m)(1) sewaga shudge reatment mm
furobic biclogical raatimaeni
Opfion 2 Loss than 17% addifional volatle solds ess during Chnly for anasnbically digested sewage shdge that
503.34bY 2 bencheacale anasrcbic babch digestion of the sewage cannel mest ke requirements of Oglon 1
sl for 40 additional days et 30°Cio 30 C
§ o §5°F)
Oyplion 3 Logs than 16% additional volatie solids reduction during Cinky fior fquid sewage shudge with
503,33b% 3 bench-scale aerobic balch digestion for 30 addional days 2% of less Soids wmmwﬂd
at 20°C {65°F) Dpﬂcmt—ag_wm%e in mderced
peration plants. Shadges with 2 mndanu.-atbe
ditsiad
Oplian 4 SOUR at 20°C (88°F} is =15 mg coygen'hn'g oéal Liquid sewage shdgas from sambl: procasses un at
503.33h4) sewaoe slidge solds lemperstures Botwean 10 o A0°C. ishould not be used
for composisd sewsde sludges)
DOplinn & Aarohic realment of the sewage slhdge for &t least 14 Composted sewage sludge (Opfions 3 and 4 arg lkely
503.33b)5) days al over 40°C EiDd-'F:lwt i aergn ImpeEtne fo be easier to meel for sewage sldges from olher
of over 45°C {113°F) apchis processes)
Oplian £ Mmm-uraaﬂ-:.iam akali o ress the pH 1o &l leasl 12 Alkal-rasted sewape sludge (akalne materials includs
503.33{ ) Z5C (TTF) and mainkain a pH 212 for 2 hows and a ime, Ty ash, kin dust, and wood ash)
IJHEHEI’II Mire fours
Qptian 7 Perant sofids = 75% I mixing with other materals Sewags sludges trealed by an aerobic of anasrnbic
SO0 33(8KT} p ™ prncess (Le, sawags that do not conkain
unsialzad solids in primary waslewaler
traatmant)
Oplion 8 Pespani sofids =80% prior f0 midng with ofher matertals Sewage sludges thet coniain unstabilzed solids
S03.33 b B) generaled i pimary wasiowater beatment (e, heal
drisd sewage slsdges)
Cplian 9 Sewae sudge is injected into sodl 8o that ro signiicant Sewnge sludge b the land or placed on |
5032304 ameunt of sewage sidge 5 present on the lBng surtacs mmwmmm applied 1o
1 nowr after injecton, excapl Clats A sswage ral land, & lares], o a reclamation sile, o
wmwmhnmmﬂmwmumm on & surface dispasal st
fesdudtinn process
Ciption 10 Sewage dudge is incomarnaled inio the sal within & hows Sewans shidge hhh‘dn'ph:m:m:
SO AMBN10) after apolcation o lend o placement on B suface disposal surface disposal mhm
sie, pxoopt Cless A serwage siaige which must be Eu:hrhilh'l:lhﬁlur: ﬂu,urphl:-ud
1o or placed on e land surlace within B hours afler o0 B gurace disposal sile
pathogen reduclion process
11 Smaage shidge on a surlace dsposal ste must be Seaape shidge or domeslic seplage placed on a
SHbE11) coversd wilh soil or other material at the end of aach surlaca cisposal sha
aperating day
Optian 12 pH of somealic septage must ba resed o =12 al 270 Domastic septage appied o agricubiursl land, 8 forast,
S0 3By 12) {TT°F| by alkali addition and mainlained = 12 for 30 or a meclmaton sie or plced on a surface disposal
mirites withoul adding mone alkak
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APPENDIX D

STATE AND FEDERAL ANALYTICAL REQUIREMENTS

The following information contains the analytical requirements for treated sewage sludge that is to
be land applied contained in federal regulations and the regulations of the New England states and
New York. Where applicable, specific anaytes, methods, detection limits, containers, preservation,
holding times, and reporting units have been provided

Note: Information contained in this section was provided by each listed state and was current
at the time this document was developed. Regulations and approved analytical methods are
subject to change. When preparing a sampling plan or collecting samples to demonstrate regu-
latory compliance, always verify with the appropriate regulatory authority (in advance) that
you are using the correct analyte list and analytical methods. Please also note that thereis no
specific information provided for Connecticut; consult the appropriate state regulatory staff
and use the federal table if preparing a biosolids sampling plan for use there.
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APPENDIX E

QUESTIONS TO ASSIST WITH LABORATORY SELECTION

The following information is provided to assist you in selecting a laboratory to conduct your
sludge sample analyses. This list includes only some of the potential questions that could be asked.
Site-specific concerns may alter the direction of your questions. While it may seem obvious, we
nonethel ess wish to emphasize that if your questions are not answered to your satisfaction, you
should seek the services of a different |aboratory.

Source: EPA Region 8 Biosolids Management Handbook (1999) Available at:
http: //mww.epa.gov/region8/water/bi osol i ds/bi osol i dsdown/handbook/index.html
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LAB SELECTION QUESTIONS

General Feasibility

Does the lab routinely perform the required/requested analyses? Are individuals qualified and do
they have written qualifications available?

Isthe lab’s turn-around time compatible with your schedule?

Will the geographical location of the lab cause additional expense (telephone and shipping) and
potential difficulty in communication?

Concerns Prior to Sample Collection and Shipment

Will the lab provide coolers and sample containers?

What type of sample chain-of-custody is commonly used and will the lab provide chain-of-custody
forms prior to shipment?

What form of shipment is commonly used (Federal Express, UPS, other)? Will the lab pay the ship-
ment cost?

On what days will someone be available to receive sample shipments (Saturday)?

What type of sample container should be used and does the |ab have any specific packaging require-
ments?

How will | be billed (invoice, pre-pay, other) — NEVER PRE-PAY FOR ANALY SES.
Are sample containers provided for free or are there additional costs involved?

What are the sample preparation costs and when and how are they incurred (per sample, per analy-
sis, other)?

Are there any additional costs involved, which | may not be aware of at this time?

Can awritten estimate be provided and what factors might cause the actual price to differ from the
estimate?

Will QA/QC of my samples involve additional cost?
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Appendix E: Questions to Assist with Laboratory Selection

QA/QC Procedures

» Does the lab have and use any of the following protocols:
— QA Manua
— Standard Operating Procedures
— Sample Custody

Traceability to Reference Material

QC Checks

Data Validation

Quality Assessments (Spikes, Duplicates, etc.)

Control Charts
— Other Documentation
— Periodic QA Audits

« If the lab does not have and/or use the above protocols you should inquire as to the reason. Keep in
mind that some of these protocols may be contained within other laboratory procedures or protocols.

Data Processing

After the analyses have been conducted, the lab will provide you with a data package summarizing the
analyses. The data package can differ greatly from lab to lab, so the following questions should be asked
prior to sample shipment. If any of the information below is not included in the data package, ask the lab to
provide it.

» What type of report will | receive? Will narrative descriptions be provided for help in evaluating the
data package?

»  Will the data be presented on a dry weight basis? IF NOT, REQUIRE IT.

o Will I receive a QA/QC report along with the data package?

 If data qualifiers are present, will a key be provided?

»  Will the detection limits for each analysis be provided?

* Will the dates and times of all analyses be reported?

* Will the analytical methods used be included?

(0 E-2 (R



APPENDIX F

MICROBIAL SAMPLING CONSIDERATIONS

I he following are additional critical considerations to be incorporated into any sampling plan or
event involving microbial parameters.
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SLUDGE SAMPLING FOR MICROBIAL ANALYSIS

In a sampling plan, collecting a representative sample is a common objective regardless of the target ana-
lytes. Much of the information in this document relates to collecting a representative sludge sample is perti-
nent to collecting samples for microbial analyses. However, specific microbial parameters may require
alterations or accommodations in the sampling plan to ensure the collection of representative samples. EPA
provides excellent guidance on sludge sampling in general and microbial sampling in particular in
Environmental Regulations and Technology: Control of Pathogens and Vector Attraction in Sewage Sudge
(July 2003).

This Appendix highlights and discusses differences between sampling sludge for microbial analysis and sam-
pling for chemica contaminants. Many of the planning steps for developing a sludge sampling program
aimed at microbial sampling are no different than any other sampling effort. In fact, many sampling pro-
grams will require sampling for both microbial and chemical constituents. The same sampling plan can
accommodate both types of sampling, and in fact the planning processes described in Chapters 3 through 6
are applicable for any type of sampling. The planning elements in these chapters are related to sampling
goals, facility description, data quality, and sampling points. In addition, the same sampling SOP can gener-
ally be used for collection of microbial samples. Although the planning process is the same, the resulting
sampling plans may be different depending on the testing to be performed.

Microbial analysis of sudge generally involves fecal coliform, Salmonella, enteric virus, and helminth ova.
The most pronounced differences between microbial and chemical sampling involve preparation of sample
containers and sampling equipment and hold times. Although proper cleaning of equipment and containers
prior to any sampling event is necessary to prevent sample contamination, microbial analysis requires the
extra step of sterilization. Thisis particularly important when analyzing Class A biosolids, which should
have no detectable levels of certain pathogens. While it is always advisable to analyze samples as soon after
collection as possible, it is particularly important with microbial samples, which have much shorter hold
times than chemical analytes.

Preparation of Sample Containers and Sampling Equipment

Chapter 7 contains guidance on the choice and preparation of sampling containers and sampling equipment
that is pertinent to microbial sampling. Sample containers for microbial samples should be made of glass,
polycarbonate or polypropylene. Pre-sterilized plastic bags (now widely available) are also suitable sample
containers. A non-reactive metal, such as stainless steel, probably works best for collection equipment. Glass
and Teflon are also acceptable, but may be too fragile or costly.

The general cleaning procedures described in Chapter 7 are adequate for the initial cleaning of containers or
equipment. After theinitia cleaning, containers and equipment must be sterilized. Sterilization can be
accomplished by one of the following methods:

1) Heat inan oven at 170° C for at least 2 hours.

2) Autoclave at 121° C for a minimum of 30 minutes.

3) Soak in a 10 percent bleach solution for a minimum of one minute. Note: If this option is used, the
equipment should be rinsed three times with sterile water prior to use.

Prior to heating or autoclaving sampling equipment, it is advisable to wrap it in aluminum foil or a kraft
paper to prevent contamination while being stored or transported. When sterilizing glass, polycarbonate or
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Appendix F: Microbial Sampling Considerations

polypropylene bottles in an autoclave, their tops should be loosened to prevent breakage or deformation.
Depending on cost and convenience, pre-sterilized disposable containers and sampling equipment may be an
effective option. Finally, it is recommended that sampling containers and equipment for microbial sampling
be dedicated to that purpose.

Preservation and Hold Times:

Industry-wide, there has been much confusion over what constitutes proper preservation and the correct max-
imum hold times for microbial samples. The best reference for preservation and hold times is the specific
analytical method that will be used. To prevent growth or decay of microbia populations, hold times should
be as short as possible. However, this can be a challenge. For example, few |abs are capable of performing
enteric virus and helminth ova assays, and samples frequently need to be shipped to |aboratories for these
analyses. Since shipping complicates preservation and extends hold times, it is imperative that samplers
know and plan for the short hold times associated with microbial samples. Below is a table partially repro-
duced from Environmental Regulations and Technology: Control of Pathogens and Vector Attraction in
Sawage Sudge (July 2003), which states maximum hold times using specific preservation methods. It is
important to note that maximum holding times and temperatures are method-specific and federal and state
regulations should be consulted.

Methods, Preservation, and Maximum Hold Times

Maximum
Analysis Method Preservation Hold Time
Enteric Viruses ASTM® Method D -18° C 2 weeks
4994-89
Fecal coliform sM®@ part 9221 E or 4° C (do not freeze) 24 hours
Part 9222 D
Salmonella sp. SM Part 9260D or 4° C (do not freeze) 24 hours
Kenner and Clark
(1974)®
Viable Helminth Ova Yanko (1987)(4) 4° C (do not freeze) 1 month
1) American Society for Testing and Materials
(2) Standards Methods for the Examination of Water and Wastewater (APHA, 1992)
(3) See Appendix G of Environmental Regulations and Technology: Control of Pathogens and Vector Attraction in Sewage
Sudge (July 2003)
(4) See Appendix | of Environmental Regulations and Technology: Control of Pathogens and Vector Attraction in Sewage
Sudge (July 2003)

For bacterial and viral analyses, prompt chilling of samplesis required to ensure that samples remain repre-
sentative. If sample analysis will not begin within two hours of collection, place the sample container in an
ice water bath (for aminimum of 30 minutes prior to refrigeration) immediately following sample collection.
Laboratories should be contacted in advance to schedule analyses and ensure samples are handled in atimely
manner upon receipt.
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APPENDIX G

STUDENT’S T-TEST CALCULATION

The following example details the steps needed to determine the number of samples to be col-
lected, based on historical analytical results and the statistical student’s t-test. It has been adapted
from information contained in EPA’'s An Addendum to the POTW Sudge Sampling and Analysis
Guidance Document, May 1992.
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HOW TO DETERMINE THE APPROPRIATE NUMBER OF
SAMPLES TO BE COLLECTED

In Chapter 5, the following two equations were provided as a method to determine how many samples

should be collected to represent the whole or to determine how many grab samples should be collected to

form a composite.

(1) X -
S
Where: S = standard deviation
X = average or mean of all data points
X = individual data points
N = number of data points in the set

Z ‘X - x‘ = sum of square of the difference between the mean and
each individual data point

2 2
2) N = T S_ :
(e - )
Where: N = the minimum samples to characterize sludge

T = value of Student’st for the appropriate number of
historical data points at 90% confidence level

S = standard deviation

RL = the regulatory limit for the analyte in question

X = mean of the historical data

To use this method:
1) Assemble your historical analytical data for the analyte of interest.
2) Calculate the mean or average.
3) Calculate the standard deviation using Equation 1.
4) Determine the regulatory limit for the analyte chosen.
5) Find the Student’s T value from Table G-1.

6) Using the mean, standard deviation, regulatory limit, and value of Student’s T determined above,

calculate the appropriate number of samples by using Equation 2.
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Appendix G: Student’s T-Test Calculation

TableG-1. VALUES FOR STUDENT’S T AT THE 90% CONFIDENCE LEVEL

Degrees of Freedom (df) T value at 90% Confidence Level
1 6.314
2 2.920
3 2.353
4 2.132
5 2.015
6 1.943
7 1.895
8 1.860
9 1.833
10 1.812
11 1.796
12 1.782
13 1.771
14 1.761
15 1.753
16 1.746
17 1.740
18 1.734
19 1.729
20 1.725
21 1.721
22 1.717
23 1.714
24 1.711
25 1.708
26 1.706
27 1.703
28 1.701
29 1.699
30 1.697
40 1.684
50 1.676
60 1.671
70 1.667
80 1.664
90 1.662
100 1.660
120 1.658
infinity 1.645
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Sample Calculation

Below is a step-by-step example calculation. The objective is to determine the number of composite sam-
ples that should be collected during the year to produce statistically valid sludge copper (Cu) concentra-
tions. The following historical Cu data (see Table G-2) will be used.

Table G-2. HISTORICAL COPPER DATA

Date of Sample Copper Concentration (mg/kg)
7/24/02 480
1/13/03 360
6/11/03 330
5/15/03 135
11/6/03 400
1/7/04 189
4/12/04 140
5/27/04 200

10/26/04 79
1/27/05 140
3/22/05 100
5/27/05 268

Step 1: Calculate the average Cu concentration, add all the concentrations and divide by the number of

values:
Date of Sample Copper Concentration (mg/kg)

7/24/02 480
1/13/03 360
6/11/03 330
5/15/03 135
11/6/03 400
1/7/04 189
4/12/04 140
5/27/04 200
10/26/04 79
1/27/05 140
3/22/05 100
5/27/05 268
TOTAL 2821

Average Copper = 2821 + 12 = 235 (rounded to the nearest whole number)

X =235
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Appendix G: Student’s T-Test Calculation

Step 2:

Step 3:

Calculate the standard deviation. Fortunately most spreadsheet applications will perform the cal-
culation for you. To perform the process by hand, subtract each individual Cu concentration from
the average concentration. Next, square the difference between the average and individual values
and sum the squares. See Table G-3 for an example of these calculations. This sum of squared
differences can be inserted into the numerator of Equation 1 above.

Table G-3. CALCULATING THE SUM OF SQUARED DIFFERENCES

Date of Sample Cu Concentration (mg/kg) (7( —X) (} -x)*
7/24/02 480 -245.00 230400
1/13/03 360 -125.00 129600
6/11/03 330 -95.00 108900
5/15/03 135 100.00 18225
11/6/03 400 -165.00 160000

1/7/04 189 46.00 35721
4/12/04 140 95.00 19600
5/27/04 200 35.00 40000
10/26/04 79 156.00 6241
1/27/05 140 95.00 19600
3/22/05 100 135.00 10000
5/27/05 268 -33.00 71824

SUM 2821 186941

The remaining calculation is as follows:
186941
Standard Deviation = 1-1 ~ 130 (rounded to the nearest whole number)

Based on federal regulations, the ceiling limit for Cu is 4300 mg/kg and the pollutant concentra-
tion limit is 1500 mg/kg. In this example, we will assume that the facility wants to show compli-
ance with the lower limit.

Going back to Equation 2, we can see that the average, standard deviation, and regulatory limit
have been determined. To use the equation, the final value that must be obtained is Student’s T at
a90% confidence level. To find Student’s T, use Table G-1. First, find the degrees of freedom by
subtracting 1 from the number of historical data points you used to determine the average and
standard deviation.

Degrees of Freedom (df) =12-1=11

Using Table G-1, locate the Student’s T for 11 degrees of freedom (1.796).
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Now all the values can be inserted into Equation 2 to obtain the number of grab samplesto form
acomposite.

2 2
Number of composite samples = M = 0.03

(1500 - 235)’

This calculation indicates that, based on historical data and the current regulatory limit, one com-
posite sample should be sufficient to ensure that regulatory limits are being met. However, facili-
ties must perform the sampling required by state and federal regulations regardless of the results
of this calculation. Also, facility operators should be aware that the results of this calculation are
heavily influenced by the variability of the historical data and the regulatory limit. For example,
if the regulatory limit were 400 mg/kg, the results would indicate that two samples were needed.
As arule of thumb, if the mean of historical data plus the standard deviation is greater than the
regulatory limit, then Equation 2 may be helpful in determining the appropriate sampling fre-
guency or number of samples.

I G-5 THRRRRR



This page is intentionally blank.



APPENDIX H

EXAMPLE OF SLUDGE SAMPLING PROCEDURE

I he following sludge sampling procedure is an example of a Standard Operating Procedure (SOP)
for sample collection, which should be included in all sampling plans. This example SOP also con-
tains an equipment list and a process for cleaning the sampling equipment

This example is for a scenario where eight grab samples are collected from sludge coming off a belt
filter press. In this scenario each of the eight grab samples are collected 30 minutes apart. All of the
grab samples are then mixed to form a composite sample.

This procedure can be modified as necessary to apply
to other sampling locations and scenarios
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SLUDGE SAMPLING STANDARD OPERATING PROCEDURE

A week to severa days prior to the proposed sampling, confirm sludge processing (dewatering and treat-
ment) to ensure that sludge in the appropriate form (liquid versus dewatered, untreated cake versus
treated biosolids) will be available for sampling at the proposed date, time, and sampling point.

A week to several days prior to the proposed sampling date, confirm that the contract laboratory per-
forming the analyses is prepared to accept samples on the proposed sampling date.

At least one day before collecting samples, assemble the sampling equipment. Ensure that all equipment
is clean and in good working order (See attached checklist and cleaning procedure).

On the day of sampling, obtain ice for sample storage and transportation and place in sample coolers.

After arrival at the sampling location/sampling point (as determined in the sampling plan), evaluate the
operation of the sludge handling train (dewatering, biosolids treatment, etc.). Any observable deviations
from normal operation should be noted prior to collecting samples.

Put on nitrile gloves and any other required/desired personal safety equipment.

Collect the first grab sample of the 8 grab samples that will make up the composite and record the time.
Using a 500 mL glass beaker and a stainless steel trowel, collect the sample from the belt filter press as
the sludge falls into the roll-off container. The first grab sample and al remaining grabs should be
approximately equal in volume (~ 200 mL). Do not forget to collect any required field duplicates or
blanks.

After the first grab has been collected, it should be placed in a stainless steel bucket. A plastic syringe
with the luer lock end removed is used to collect a zero-headspace subsample of about 5 mL in volume
from the original grab sample. This subsample should be place in a40 mL glass vial filled with 10 mL
of methanol preservative. This sample should be placed on ice and cooled to 4° C until analyzed accord-
ing to EPA Method 8260 for volatile organic compounds (VOC).

After the first grab sample, another grab sample should be collected every 30 minutes and placed in the
stainless steel bucket until all 8 grab samples have been collected. Again, the grab samples should be of
approximately equal size (weight or volume). During the time between samples, the stainless steel
bucket should be covered and placed on ice or refrigerated. (This is necessary whenever the interval
between grab samplesis longer than five minutes.) The time of collection of the last grab sample should
be recorded.
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Appendix H: Example of Sludge Sampling Procedure

10. Upon collection of the last grab sample, thoroughly mix all material accumulated in the stainless steel
bucket with a stainless steel trowel. The goal of the mixing process is to produce a homogeneous sample.

11. After mixing, label all sample containers with the following information:
a) Sample identification number (ID)
b) Date and time of collection
¢) Sample location
d) Person collecting sample
€) Preservative
f) Required test(s)

12. After labeling, fill each sample container with portions of the homogenized material in the stainless steel
bucket.

13. After each sample container isfilled, seal it with asigned custody seal and place it on ice in a cooler for
transportation to the laboratory.

14. Prior to delivering the samples to the lab, complete a chain-of-custody sheet to document proper sample
handling.

15. After sample delivery, clean all equipment according to established procedures and store in a clean, dry
area.
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EQUIPMENT CHECKLIST

1) Protective Gear
a. Nitrile gloves

b. Tyvek sleeves

2) Sample handling and collection
a Stainless steel bucket
b. 500 mL glass or Teflon beaker
c. Stainless steel trowel

3) Transporting and preservation
a. Sample containers
1) VOC - 40 mL glass vial with 10 mL of methanol preservative
2) SVOC — 250 mL, wide-mouth, amber glass jar
3) Pesticides and PCBs — 250 mL, wide-mouth, amber glass jar
4) Dioxin — 125 mL, wide-mouth, amber glass jar
5) Metals and nutrients — 500 mL, wide-mouth, clear glass jar

b. Sample cooler with ice

4) Sample ID and Documentation
a. Markers and pens
b. Sample container l1abels
c. Custody seals
d. Chain of custody/sample submittal form
e. Field notebook/ sample log/field data sheet

5) Cleaning equipment
a. Disposable towels
b. Soap
. Scrub brush
. Rinse water
. Deionized water
. 10% hydrochloric acid solution

. Rinse water

-~ DO O O o O

. Deionized water

. Aluminum foil or plastic wrap

(o]
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Appendix H: Example of Sludge Sampling Procedure

EQUIPMENT PREPARATION AND CLEANING PROCEDURE

The following cleaning procedure should be used to clean all plastic, glass, or stainless steel equipment used
to collect sludge samples:

1) Rinse equipment with warm tap water to remove the majority of solids.
2) Using a brush and alow-phosphate lab detergent, scrub the equipment to remove al residues.
3) After scrubbing, rinse the equipment three times with tap water.

4) Next, rinse the equipment with a 10% hydrochloric acid solution — alow at least 30 seconds of contact
time.

5) Perform afinal rinse, which should be a triple rinse with deionized water.

6) After cleaning, alow the equipment to air-dry. To store, cover beakers and buckets with clean aluminum
foil or plastic wrap. Sampling implements should also be wrapped in foil or plastic wrap to keep them
clean while in storage.

Note: This cleaning procedure is applicable only when sampling for metals, nitrogen, and pH. To sam-
ple for other analytes, especially organic contaminants, these procedures should be modified. ASTM
D5088 (Standard Practice for Decontamination of Field Equipment Used at Nonradioactive Waste Sites)
provides detailed guidance on equipment cleaning and decontamination procedures.
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APPENDIX |

FIELD DATA SHEET

I he following is an example of afield data sheet that can be used to record specific details of a
sludge sampling event. Ideally, one field data sheet should be completed for every sample collected.
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FIELD DATA SHEET

BIOSOLIDS SAMPLING

Facility Name
Sample Location

Sample Type

Sample Collection Equipment
Name of Person Collecting Sample
Sample Date

Weather Conditions

Time Sample Collected

Time Sample Delivered to Lab

Sample Handling Procedures

Sample Documentation

Notes

D Grab

[] Composite No. of sub samples

Sample Size

Sample Container

Sample Preservation

Maximum Hold Time

Laboratory Destination

Sample Label

Chain of Custody Req'd

Analytes to Be Tested (units)

|| Total Solids (%)

[ I pH (s.L)

[ Total Kjeldahl Nitrogen (%, dry weight)
| Ammonia Nitrogen (%, dry weight)
|| Nitrate Nitrogen (%, dry weight)
[ Total Phosphorus (%, dry weight)
[ Total Potassium (%, dry weight)
(] Arsenic (mg/kg, dry weight)

] cadmium (mg/kg, dry weight)

(] chromium (mg/kg, dry weight)
[] Copper (mg/kg, dry weight)

[] Lead (mg/kg, dry weight)

[] Mercury (mg/kg, dry weight)

[] Molybdenum (mg/kg, dry weight)
[ Nickel (mg/kg, dry weight)

[ selenium (mg/kg, dry weight)

"] Zinc (mg/kg, dry weight)

] vocs (mg/kg, dry weight)

[] svocs (mgrkg, dry weight)

[] pesticides (mg/kg, dry weight)

|| pcBs (mg/kg, dry weight)

[ JreLp (mg/l or ug/l)

[ other:

Refer to Sampling
Guide Chapter

2
4,6

5

7,8
7,8
7,8
7,8
7,8
7,8
7,8
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APPENDIX J

ExAMPLE CHAIN-OF-CUSTODY FORM

The following is an example of a chain-of-custody (CoC) form. Chain-of-custody procedures
should be employed for all samples collected to demonstrate compliance and any samples that might
be used for other regulatory or litigation situations. The example provided reflects samples collected
to demonstrate industrial pretreatment procedures, not sludge samples for land application. However,
the example was selected because it includes (in great detail) the appropriate information to include
on a CoC form.

Source: http://water.ci.lubbock.tx. us/l wmp/C°Cs/ChainofCustodyExampl 2. pdf
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Appendix J: Example Chain-of-Custody Form

CHAIN OF CUSTODY / ANALYSIS REQUEST INSTRUCTIONS

To be completed by the sample collector:
(Note: The number of each step corresponds to an indicated portion of the example Chain-of-Custody on the
previous page.)

1

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Print sample collector’s name (must be legible).
Print the sample source description (must be legible).

Enter the laboratory |D number (supplied by the laboratory).

. Enter the date(s) the samples were collected.

Enter the time(s) the samples were collected.

. Mark the appropriate column for the sample type.
. Mark the appropriate column for the type of container used.
. Enter the sample size.

. Mark the appropriate column for the sample matrix.

Mark the appropriate column for the sample handling.

Mark the appropriate column for the preservative used.

Fill in the requested analysis and mark the appropriate column for each sample.

Analyze pH samples immediately and enter the results.

Analyze the temperature samples immediately and enter the results.

Enter any notes about a sample or the analysis.

The sample collector signs the block and enters the time and date the samples are relinquished.

The sample condition block isfilled out and initialed by the laboratory representative receiving the sam-
ples.

Any other subsequent personnel handling the sample must sign the block in this section (18) of the form.

(0 J-2 (R



APPENDIX K

GLOSSARY

I he following sources were used to provide definitions for the terms contained in this section.

» Guide on Environmental Data \erification and Data Validation. US EPA. (EPA/240/R-
02/004). 2002.

e The Massachusetts Volunteer Monitor’s Guidebook to Quality Assurance Project Plans. MA
DEP. (DWM-CN61.0). 2001.

» Oxford Pocket Dictionary and Thesaurus. Oxford University Press. 2002.

» Environmental Regulations and Technology: Control of Pathogens and Vector Attraction in
Sawage Sudge. US EPA, Office of Research and Development, EPA/625/R-92/013. Revised
July 2003.
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Accuracy

A data quality indicator — the extent of agreement
between an observed value (sampling result) and the
accepted (or true) value of the parameter being mea-
sured.

Analyte
A discrete chemical component of a sample to be iden-
tified and/or measured through analysis.

Auger
A sampling device, resembling a drill, used for coring
into soil-like material.

Average

A measure of central tendency. The average is obtained
by adding al the numerical values of a given set of
observations and dividing by the total number of obser-
vations.

Biosolids

The nutrient-rich organic materials resulting from the
treatment of municipal sewage in awastewater treatment
facility. When properly treated and processed, these
residuals can be recycled and applied as a fertilizer or
soil conditioner to improve and maintain productive
soils and stimulate plant growth.

Chain-of-Custody

A process used for routine sample control for regulatory
and non-regulatory monitoring; also used as a general
term to include sample labels, field logging, field sheets,
custody seals, lab receipt and assignment, disposal, and
all other aspects of sample handling from collection to
ultimate analysis. Chain-of-custody also refers to the
document or paper trail showing the proper handling of
evidence and its integrity.

Coliwasa

Combined Liquid Waste Sampler. A sampling device
used to collect a core sample of free-flowing liquid
dludge from lagoons, tanks, pits, and similar contain-
ments.

Composite Sample

A composite sample can be either A) a collection of
individual samples obtained at regular intervals of time
or flow; or B) grab samples collected from various loca-
tions within a single mass of material, such as a lagoon
or stockpile. Once mixed, the collected material is ana
lyzed to determine the average conditions during the
sampling period.

Data Validation

An analyte and sample specific process that extends to
evaluation of data beyond method, contractual, and pro-
cedura compliance (see data verification) to determine
the analytical quality of a specific data set.

Data Verification

The process of evaluating the compl eteness, correctness,
and conformance/compliance of a specific data set
against method, procedural, or contractual obligations.

Detection Limit
The lowest concentration or measurement of a target
anayte that a given method can reliably ascertain as
greater than zero.

Duplicate Sample

Two samples taken generally at the same time from (and
representative of) the same sampling point that are car-
ried through all assessment and analytical proceduresin
an identical manner. Used to measure the precision of
field sampling and lab analytical methods.

Equipment Blank

A QA/QC sample used to check specifically for carry-
over contamination from the reuse of sampling equip-
ment.

Grab Sample
A singlefinite sample collected at a specific location and
time.

Holding Time
The elapsed time from the date and time of sample col-
lection until the sample is analyzed.

Homogenous
A uniform mixture having similar quality or characteris-
tics throughout.

Indicator Organisms

Organisms that have been found to respond to treatment
processes and environmental conditions in a manner
similar to pathogenic organisms.

M alodor
A bad odor, a stench.

Mean
Another term for the average of a set of data; calculated
in the same manner as the average.

NELAP
National Environmental Laboratory Accreditation
Program

Pathogen

An organism or substance capable of causing disease.
Pathogenic organisms include bacteria, viruses, proto-
zoa, and helminths.

Pathogen Reduction

Treatment processes utilized to reduce sewage sludge
pathogen concentrations in order to protect public
health. Pathogen reduction is accomplished through
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treatment of sewage sludge or through a combination of
treatment and restrictions on the land application site
that prevent exposure to the pathogens and alow time
for environmental conditions to reduce the pathogens to
below detectable levels.

PCB
Polychlorinated Bipheny!

Precision

A dataquality indicator that measuresthe level of agree-
ment or variability among a set of repeated measure-
ments, obtained under similar conditions. Precision is
usually expressed as a standard deviation in absolute or
relative terms.

Preservation

Methods used to retard degradation of chemical analytes
or physical properties within samples by inhibiting
decomposition by biologica action and chemical reac-
tions, and reducing sorption effects. Methods include
chemical, acid, or base addition; protection from light;
cooling; etc.

Preservative
Generdly, a chemical added to a sample to prevent
decomposition or chemical reaction.

Putrescible
Subject to rotting, decomposition, or decay.

QA/QC
Quiality Assurance/Quality Control

Quality Assurance

An integrated management system designed to ensure
that a product or service meets defined standards of
quality with a stated level of confidence.

Quality Control
The overal system of technical activities designed to
measure quality and limit error in a product or service.

Replicate Sample

Two samples taken at different times from the same
sampling point that are carried through all assessment
and analytical proceduresin an identical manner.

Sample

A portion of material collected for chemical analyses or
measurement. As ageneral laboratory practice, asample
isidentified by a unique sample number. If asingle sam-
ple is submitted for a variety of chemical analyses, the
number may apply to multiple sample containers.

Sampling Plan
The complete written documentation of an organiza-
tion's sampling program.

Sampling Paoint
The specific location within the treatment process where
material to be sampled is collected.

Sampling Program
All applicable elements, events, materials, and personnel
associated with the collection of samples.

Sludge Judge
A sampling device, similar to a coliwasa, used to collect
a core sample of free-flowing liquid sludge.

Standard Deviation
A measure of the range of variation among repeated
measurements, used in the determination of precision.

TCLP
Toxicity Characteristic Leaching Procedure

Thief Sampler

Consisting of two slotted concentric tubes, a thief sam-
pler is used to sample granulated or powdered sludges.
The sampler is pushed into the material to be sampled,
the inner tube is rotated to close the sampler, and a sam-
ple is withdrawn within the sampler.

Trier

Consisting of a stainless steel or brass tube that is cut in
half (lengthwise) and having a sharpened tip to penetrate
the material to be sampled, a trier is used to sample
sticky (mud-like) sludge.

Trip Blank

Created by filling a clean sample bottle with deionized
water in the field during sampling activities. The sample
is handled in the same way as other samples taken from
thefield. Field blanks are submitted to the ab along with
al other samples and are used to detect any contami-
nants that may be introduced during sample collection,
fixing, storage, analysis, and transport.

Turn-Around Time

For an environmental laboratory, the elapsed time
between sample receipt and the reporting of analytical
results in the form of a data package.

Vectors

Insects, birds, rodents, and domestic animals that are
attracted to sewage dudge as a food source and may
transport sewage sludge, and pathogens from sewage
sludge, to humans.

Vector Attraction Reduction

The technological or management options for treating
sawage dudge to the point at which vectors are no
longer attracted to sewage sludge or the placement of a
barrier between the sawage sludge and the vector.




APPENDIX L

REGIONAL REGULATORY CONTACT INFORMATION

The following information can be used to contact biosolids regulatory staff at U.S. EPA Region 1,
as well as the New England states and New York.
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REGIONAL REGULATORY CONTACT INFORMATION

EPA Region 1 New Hampshire

Thelma Murphy Michael Rainey

US EPA — New England NH DES — Residuals Management
1 Congress Street, Suite 1100 (CMU) PO. Box 95

Boston, MA 02114-2023
(617) 918-1615
murphy.thelma@epa.gov

Connecticut

Gary Johnson

CT DEP — Water Compliance Unit
79 Elm Street

Hartford, CT 06106-5127

(860) 424-3754
gary.johnson@po.state.ct.us

Maine

Sludge and Residuals Unit Supervisor
ME DEP Sludge Residuals Unit

17 State House Station

Augusta, ME 04333-0017

(207) 287-7826

Massachusetts

Mark Casella

MA DEP

1 Winter Street, 6th Floor
Boston, MA 02108-4747
(617) 654-6517
mark.casella@state.ma.us

I L-1

6 Hazen Drive

Concord, NH 03302-0095
(603) 271-2818

mrainey @des.state.nh.us

New York

Sally Rowland

NY S DEC — Div. of Solid and Hazardous Materials
625 Broadway

Albany, New York 12233-7253

(518) 402-8704

growlan@gw.dec.state.ny.us

Rhode Island

Alexandre Pinto

Rl DEM - Office of Water Resources
235 Promenade Street

Providence, Rl 02908-5767

(401) 222-4700
alex.pinto@dem.ri.gov

Vermont

Cathy Jamieson

VT DEC — Residuals Management Section
103 South Main Street, Sewing Building
Waterbury, VT 05671-0405

(802) 241-3831
cathy.jamieson@state.vt.us
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We Value Your Feedback

Please notify usif you discover mistakes or omissions in this document. Submissions can be sent elec-
tronically, mailed, or faxed to:

New England Interstate Water Pollution Control Commission
ATTN: Biosolids Sampling Guide
116 John Street
Lowell, MA 01852-1124
Tel: 978/323-7929
Fax: 978/323-7919
mail @neiwpcc.org

Brief description of error or omission:

Suggested improvement:

General comments:

Can we contact you for additional information? If so please provide contact information:

Thank You.
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