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Forward

This document provides guidance and best management practices to assist the user in
complying with the requirements of the Organic Matter Recycling Regulation (OMRR) and the
Soil Amendment Code of Practice (SACoP). These guidelines should be used in conjunction
with the OMRR and the SACoP, supplementary literature and the knowledge and experience of
a qualified professional.

This document is divided into chapters and further subdivided into sections. Several chapters
and sections deal specifically with either the OMRR or the SACoP while others pertain to both.
If a chapter or section applies only to one regulation, this is indicated in the title. References to
other sources of information are provided at the end of some chapters.

For ease of reference a summary table, located immediately following the Table of Contents,
provides direction to the relevant parts of the document based upon intended activity and
appropriate regulations.

The term “residuals” is used throughout the document to encompass materials regulated by the
OMRR and the SACoP (i.e. biosolids, pulp and paper residuals, fly ash, WTR, wood waste,
waste lime, lime mud). “Organic matter” is used for residuals managed under the OMRR while
“‘amendment” is used to distinguish residuals regulated under the SACoP. Organic matter is
also used as a general term describing a soil parameter. “Retail grade organic matter’ and
“‘managed organic matter” are used as per the definitions provided in the OMRR.

This document was developed in consultation with Ministry of Environment staff to serve as a
companion document to the OMRR (February, 2002) and the SACoP (June, 2007).
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Intended Use

This guideline contains information on the sampling and analytical requirements for residuals
and the receiving environment including soil and vegetation. The guideline reviews the
sampling of all materials covered under the OMRR and the SACoP, and receiving soils and
vegetation in relation to the land application of these residuals in BC. The guideline
recommends sampling approaches and methodologies to ensure the land application of
residuals meets the criteria set out in the OMRR and the SACoP.

This document is divided into 16 chapters, each of which covers a particular aspect of residuals
management. Chapters 2 and 3 contain an overview and the requirements of the OMRR and
the SACoP respectively. Chapter 4 addresses the OMRR and the SACoP in the context of
other provincial regulations. Chapter 5 provides a brief introduction to the characteristics of the
various residuals covered under the regulations. Chapters 6, 7, 8 and 9 address sampling and
analysis of residuals to meet regulatory requirements. Chapter 12 covers sampling and
analysis requirements for the receiving environment. Chapter 10 provides general best
management practices for the use of residuals as a soil amendment or fertilizer. Chapter 11
outlines the requirements for a Land Application Plan (LAP). Chapters 13, 14 and 15 cover
specific details related to residuals use in agriculture, silviculture and reclamation respectively.
Chapter 16 contains a reference list and recommended reading.

These guidelines do not identify all the considerations that a qualified professional may
encounter in managing residuals under the OMRR and the SACoP. This document is designed
to provide guidance only, and should not be considered a definitive resource. As knowledge
progresses with respect to the beneficial use of the various residuals covered by this guideline,
management practices will change. As such, qualified professionals engaged in residuals
recycling are required to keep informed of new developments. The qualified professional,
through their seal on a LAP, bears the responsibility of ensuring that the use of residuals is in
compliance with the regulations, and that the application adheres to the principle of beneficial
use.

These guidelines assume that the qualified professional has a thorough understanding of
residuals, soils, nutrient and trace element management and fertilization in general. A
background reading and reference list is provided at the end of this document for further
information. It is strongly suggested that individuals responsible for preparing and implementing
a residual land application program be familiar with current research and literature and
undertake ongoing professional development in this field.
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Applicable chapters based on regulation framework and intent

Chapters

End use objective

1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | 14 | 15
Organic Matter Recycling Regulation (OMRR) — biosolids, compost, biosolids growing medium
Land application of biosolids for agriculture v | v VIV iV |V |V v | v | v | V
Land application of biosolids for silviculture v | v VIV IV |V |V v | vV | V v
Land application of biosolids for reclamation v | v vV I v IV IV |V v | vV | V v
Land application of compost for agriculture v | v vViiv|iv |V |V vV | v | vV |V
Land application of compost for silviculture v | v v I vV Vv | Vv |V v | v | vV v
Land application of compost for reclamation v | Vv v I v v IV |V v | vV | V v
Production of compost (Class A) v | v vV IV v |V |V
Production of biosolids growing medium v | Vv Vi Iv|Iv | v |V
Soil Amendment Code of Practice (SACoP) — fly ash, pulp and paper residuals, lime residuals, WTR, wood residue
Land application of soil amendments for agriculture v v I v v | VvV |V v v I Iiv|v |Vv
Land application of soil amendments for silviculture v VI v | v IV |V v | vV | v | V v
Land application of soil amendments for reclamation v v | vV v | VvV |V v v | v |V v
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List of Abbreviations

General abbreviations used in this document:

ALC — Agricultural Land Commission

ALCA — Agricultural Land Commission Act

Aluminum — Al

ALR — Agricultural Land Reserve
ASP — Aerated static pile

B — Boron

BC — British Columbia

BGM - Biosolids growing medium
BMP — Best management practices
BOD - Biological oxygen demand

C — Carbon

Ca - Calcium

CaCO; — Calcium carbonate

CCE - Calcium carbonate equivalent
CEC - Cation exchange capacity
CH4 — Methane

CI — Confidence interval

CKD - Cement kiln dust

C:N — Carbon to nitrogen ratio

CO, — Carbon dioxide

CSR — Contaminated Sites Regulation
EC — Electrical conductivity

EMA — Environmental Management Act
EPA — Environmental Protection Agency

Fe —Iron

ICP — Inductively coupled plasma
K — Potassium

K20 — Potassium oxide

LAP — Land application plan

Mg — Magnesium

MHO — Medical Health Officer

MoE — Ministry of Environment

MPN — Most probable number

N — Nitrogen

N, — Nitrogen gas

N2O — Nitrous oxide

NH; — Ammonia

NH," — Ammonium

NO, — Nitrite

NO;™ — Nitrate

OMRR - Organic Matter Recycling Regulation
P — Phosphorous

P.Os5 — Phosphorus pentoxide

QA/QC — Quality assurance / Quality control
SACoP — Soil Amendment Code of Practice
S — Sulphur

TKN — Total Kjeldahl nitrogen

TOC — Total organic carbon

WTR — Water treatment residuals

WWTP — Wastewater treatment plant
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Unit abbreviations used in this document:
°C — degrees Celsius

< —less than or equal to

> — greater than or equal to

cm — centimeters

dS — deciSiemens

dt — dry tonne

dw — dry weight
ha — hectares
kg — kilograms
km — kilometers
L — liters

m — meters

m® — cubic meters

mg — milligrams

mL — milliliters

mm — millimeters

n — number

ppm — parts per million
s — standard deviation
s? — variance

t —tonne

Mg — micrograms

ug g™ - uglg

wt — wet tonne

ww — wet weight
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1 Introduction

This guideline outlines the regulatory requirements, best management practices (BMPs) and
sampling and analysis requirements for beneficial reuse of residuals regulated under the
Organic Matter Recycling Regulation (OMRR) and the Soil Amendment Code of Practice
(SACoP). This BMP document replaces the Best Management Guidelines for the Land
Application of Managed Organic Matter in British Columbia (2002) and the Draft Guidelines for
Sampling of Biosolids, Compost, Soil and Vegetation under the BC Organic Matter Recycling
Regulation (2002).

The OMRR was promulgated in February 2002 replacing the Production and Use of Compost
Regulation and the draft 1983 Guidelines for the Disposal of Domestic Sludge under the Waste
Management Act. The SACOP is in draft form at the time of writing.

The OMRR and the SACoP are designed to ensure that residuals are used in a manner
protective of human health and the environment (Photograph 1). Under past permitting and
approval processes, there existed a degree of uncertainty regarding the requirements for
application of residuals, site management and environmental monitoring. This provided a
challenge for residual recycling programs. The OMRR and the SACoP remove many of these
uncertainties by providing clearly defined requirements for prudent residuals management.

Photograph 1: Applying biosolids to ‘ = =
agricultural land

SYLVIS
This document provides BMPs for the land application of residuals as per the criteria set out in
the OMRR and the SACoP. The BMPs are based on beneficial use of residuals which are most

appropriately managed primarily as a nutrient source or soil conditioner, as opposed to
disposal as a waste material.

This guideline covers the land application of managed organic matter regulated under the
OMRR (Class A biosolids, Class B biosolids and Class B compost) and soil amendments
regulated under the SACoP (fly ash, pulp and paper mill primary and secondary residuals, lime
residuals, water treatment residuals (WTR) and wood waste) in BC.

The discharger must have a qualified professional prepare a Land Application Plan (LAP) when
required by the OMRR and the SACoP. Under the SACoP, the discharger is the person who
owns the application site. A residual producer who transports a residual to a site is not the
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discharger of the material unless they apply the residual to the site under contract to the land
owner or is the site owner themselves. For example, if pulp and paper residuals are delivered
to a site, the company who generates the residuals and delivers it to the application site is not
the discharger unless they actually spread the material. Under the OMRR, the discharger can
be an owner of a composting facility, an owner of a facility that produces managed organic
matter for land application or the registered owner of the land where the managed organic
matter is applied.

The OMRR and the SACoP charge a qualified professional with the responsibility of evaluating
sites for residual use, accurately determining application rates and minimizing the opportunity
for adverse impacts on human health and the environment. The term qualified professional,
means an individual who:

e is registered in British Columbia (BC) with a professional organization, is acting
under that organization’s code of ethics, and is subject to disciplinary action by that
organization, and

o through suitable education, experience, accreditation and knowledge, may
reasonably be relied on to provide advice within their area of expertise, as it relates
to the regulation, duty or function.

Professionals are responsible for the LAP that sets out the specific BMPs for each site, and for
overseeing their implementation. A LAP addresses all aspects of residual land application, from
the appropriate application rate to a post-application monitoring plan. This guideline is designed
to assist professionals in sampling and analysis, in preparing LAPs and as a source of related
information on the best management and use of residuals.

Municipalities, government agencies, universities and private companies throughout the
province continue to conduct research into the use of biosolids and other residuals as fertilizers
and soil amendments. It is the intent of this document to make this research, as well as
knowledge gained elsewhere, available to interested stakeholders. As such, this document will
be updated as knowledge and experience progresses in the beneficial reuse of residuals.
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2 The BC Organic Matter Recycling Regulation

The OMRR was promulgated in 2002 under the authority of the Environmental Management
Act (EMA) and the Health Act.

The following activities are regulated in BC under the OMRR:

¢ the production, distribution, sale, storage, use and land application of biosolids and
compost; and,

e the construction and operation of composting facilities.

Approvals or permits from the BC Ministry of Environment (MoE) are required for organic
materials and processes not covered by the OMRR, for biosolids that do not meet the pathogen
or trace element limits required by the OMRR, and for the application of biosolids or compost to
soils that contain elevated trace element concentrations exceeding the standards specified in
the OMRR.

Residuals regulated under the OMRR are classified according to quality and process criteria
as:

e Class A biosolids;

e C(Class B biosolids;

¢ Class A compost;

o Class B compost; or,

e biosolids growing medium (BGM).

Class A biosolids, Class B biosolids and Class B compost are considered managed organic
matter. Class A compost and BGM are considered retail grade organic matter.

The OMRR provides management requirements specific to the classification of biosolids,
compost and BGM. This guidance document provides additional information specific to each
type of organic matter.

The OMRR as it applies to biosolids, compost and BGM is discussed in Sections 2.1 to 2.3
below.

2.1 OMRR and Biosolids

The OMRR defines biosolids as stabilized municipal sewage resulting from municipal
wastewater or septage treatment that has been sufficiently treated to reduce pathogen
densities, vector attraction and trace element concentrations. As such, the term biosolids in BC
is restricted to certain municipal wastewater-based products. Biosolids must meet the following
scheduled requirements stipulated in the OMRR:

e pathogen reduction processes outlined in Schedule 1;
¢ vector attraction reduction processes outlined in Schedule 2;

e pathogen reduction limits specified in Schedule 3;
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e quality criteria outlined in Schedule 4;
e sampling and analysis protocols and frequencies provided in Schedule 5; and,
e record keeping practices specified in Schedule 6.

The OMRR provides for the beneficial use of biosolids that meet these specific quality criteria.
Biosolids are classified in the OMRR as either Class A or Class B biosolids, depending on the
extent to which these process and quality-based criteria are met. The class of biosolids
achieved has implications for recycling options, final land use, site access, application
methodology and monitoring requirements following biosolids application. Table 1 provides a
summary of the requirements for Class A and B biosolids.

Table 1: OMRR criteria for Class A and Class B biosolids

OMRR Criteria | Class ABiosolids | Class B Biosolids
Process Criteria (Schedules 1, 2 and 3)

Pathogen Reduction \ \/
Vector Attraction Reduction \ \
Fecal Coliform (MPN g'1 dw) < 1,000 < 2,000,000
Quality Criteria (Schedule 4; ug g'1, dw)?

Arsenic 75 75
Cadmium 20 20
Chromium - 1,060
Cobalt 150 150
Copper - 2,200
Lead 500 500
Mercury 5 15
Molybdenum 20 20
Nickel 180 180
Selenium 14 14
Zinc 1,850 1,850
Foreign Matter < 1%” <1%°
Sampling and Analyses and Record Keeping (Schedules 5 and 6)

Sampling and Analysis Required Required
Record Keeping Required Required

? Class A Limits for trace elements specified in Trade Memorandum T-4-93 (September
1997), Standards for Metals in Fertilizers and Supplements.

® Further requirement of no sharp foreign matter that can cause injury.

The land application of Class A biosolids in quantities greater than 5 cubic meters (m®), Class B
biosolids and Class B compost all require the completion of a LAP by a qualified professional.
The requirements of a LAP are identified in Schedule 7 of the OMRR and discussed in Chapter
11 of this document. Pre-application soil analysis and calculations are required to ensure trace
elements concentrations will not exceed concentration standards identified in Schedules 9 and
10 of the OMRR.

Notification must be given of a pending biosolids application under the requirements of the
OMRR. At least 30 days before the intended land application, the generator must notify the
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Waste Manager in the regional MoE office of the proposed application and provide a subset of
information required in the preparation of the LAP identified in Schedule 13 of the OMRR.
Under certain land use classifications the notification must also be provided to the Medical
Health Officer (MHO) having jurisdiction over the area and to the Land Reserve Commission.
Once received, the MoE and the MHO have 30 days to review the information on the proposed
application and require the discharger to meet conditions, site-specific standards and
management practices. The proposed application is considered acceptable if within the 30 day
period:

¢ the MoE manager requests no further information; and,

e the MHO requests no further information and does not stop the application from
proceeding.

In both of the above instances neither the MoE nor the MHO approves the application; the
notification is sent as a referral for review and comment as required.

2.1.1 Class A Biosolids

Class A biosolids are the highest quality biosolids achievable under the OMRR. Class A
biosolids contain lower fecal coliform densities (< 1,000 most probable number (MPN) g”') and
lower trace element concentrations than Class B biosolids. Achieving stringent quality
standards allows for more liberal distribution and use of Class A biosolids under the OMRR.
The criteria for Class A biosolids are provided in Table 1. Refer to Section 3.4 for additional
information on land application and distribution requirements.

Photograph 2: Aerial of the JAMES
Pollution Control Centre

Fraser Valley Regional District

2.1.2 Class B Biosolids

Class B biosolids are subject to less stringent trace element and fecal coliform requirements
(< 2,000,000 MPN gy than Class A biosolids. As such, they are subject to more land
application and distribution restrictions. The criteria for Class B biosolids are provided in
Table 1. Refer to Section 3.4 for additional information on land application and distribution
requirements.
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2.2 OMRR and Compost

The OMRR replaces the former Production and Use of Compost Regulation (1993).
Composting of most non-agricultural organic matter within BC is now regulated by the OMRR.
Schedule 12 of the OMRR lists organic matter that is acceptable feedstock for composting. In
addition to regulating the compost process and providing quality-based criteria, the OMRR also
regulates the construction and operation of composting facilities and the distribution and land
application of compost. As with biosolids, compost is also classified based on process and
quality criteria.

Table 2 provides a summary of the requirements to produce Class A and B compost under the
OMRR.

Table 2: OMRR requirements for Class A and Class B compost

Class A Compost Class A Compost | Class B Compost
o (Untreated and
OMRR Criteria unprocessed wood (Incorporating Schedule 12 feedstock)
residuals and yard
waste)
Process Criteria (Schedules 1, 2 and 3)
Pathogen Reduction \
Vector Attraction N
Reduction
(F,\‘Z‘F’,"’,‘\'l g?'gfl’vr)m - <1,000 < 2,000,000
Quality Criteria (Schedule 4; nug g'1 dw)
Arsenic 13 13 75
Cadmium 3 3 20
Chromium 100 100 1,060
Cobalt 34 34 150
Copper 400 400 2,200
Lead 150 150 500
Mercury 2 2 15
Molybdenum 5 5 20
Nickel 62 62 180
Selenium 2 2 14
Zinc 500 500 1,850
Foreign Matter <1%° <1%° <1%°
Sampling and Analyses and Record Keeping (Schedules 5 and 6)
Sampling and Analyses Not required Required Required
Record Keeping Not required Required Required

a

Further requirement of no sharp foreign matter that can cause injury.
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221 Class A Compost
Class A compost is divided into two categories:

e compost produced solely from untreated and unprocessed wood waste (hereinafter
referred to as wood waste) and yard waste; and

e compost produced from another feedstock listed in Schedule 12 of the OMRR.

Compost produced solely from wood and yard waste must undergo suitable pathogen and
vector attraction reduction processes and meet the quality criteria provided in Schedule 4,
Column 1 to meet Class A requirements. Class A compost produced from feedstock other than
wood and yard waste (i.e. feedstock listed in Schedule 12 of the OMRR) must also meet these
requirements, but additionally must meet Schedule 3 pathogen reduction limits
(< 1,000 MPN g™ dry weight (dw) fecal coliform), and adhere to sampling, analysis and record-
keeping requirements stipulated in Schedules 5 and 6 respectively. Biosolids may be used as a
feedstock in the production of Class A compost provided that it does not exceed Class B
biosolids quality criteria in Schedule 4.

Class A compost may be distributed without restriction and without a LAP.

2.2.2 Class B Compost

Class B compost must be produced from the approved feedstock listed in Schedule 12 of the
OMRR. Class B compost must undergo suitable pathogen reduction and vector attraction
reduction processes (Schedules 1 and 2) and meet the quality criteria provided in Schedule 4,
Column 3. Additionally, Class B compost must not exceed Schedule 3 pathogen reduction
limits (< 2,000,000 MPN g™ dw fecal coliform), and adhere to sampling, analysis and record-
keeping requirements stipulated in Schedules 5 and 6 respectively.

2.2.3 Compost Excluded from the OMRR

The OMRR does not regulate several types of composting operations. Small-scale backyard
composting operations producing less than 20 m*® of compost annually and demonstration
gardens producing no more than 100 m*® of compost annually are exempt from the OMRR.
Compost facilities currently operating under a permit, approval or operational certificate are
also exempt from regulation under the OMRR.

The OMRR does not apply to agricultural waste composting, which is defined as composting of
agricultural waste in accordance with Part 5 of the Code of Agricultural Practice for Waste
Management (under the Agricultural Waste Control Regulation). Agricultural waste compost is
exempt from the OMRR if:

e the compost was produced on farm using only agricultural waste produced on that
farm (even if the compost is subsequently removed from the farm and used
elsewhere), or

o if the agricultural waste was produced elsewhere but is being composted for use on
that farm only.
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The OMRR does apply if the agricultural waste was produced elsewhere, composted on farm
(with or without the addition of agricultural waste from that farm) and used off that farm.

If the composting operation is located on land in the Agricultural Land Reserve (ALR), the
requirements of the ALR Use, Subdivision and Procedure Regulation (under the Agricultural
Land Commission Act (ALCA)) must also be taken into consideration. The ALR Use,
Subdivision and Procedure Regulation allows the production, storage and application of:

e compost from agricultural wastes produced on the farm for farm purposes in
compliance with the Agricultural Waste Control Regulation;

e Class A compost in compliance with the OMRR if at least 50% of the compost
produced is used on the farm.

The ALCA does not allow the production of Class B compost on land in the ALR. In order to
produce Class B compost within the ALR, an application for a permit must be made to the
Agricultural Land Commission (ALC). Those wishing to produce a Class B compost should
contact the ALC early in the process to determine the likelihood that an application for permit
would be successful.

Additional information on the Agricultural Waste Control Regulation and Code of Agricultural
Practice for Waste Management can be found in Section 4.4. Additional information on the
ALCA is provided in Section 4.5.

2.2.4 Construction, Operation & Expansion of Composting Facilities

Part 5 of the OMRR outlines the requirements for construction of new composting facilities and
expansions to existing facilities. It also outlines the requirements for leachate management at
composting operations. The OMRR requires that a qualified professional prepare plans and
specifications for all new composting facilities (excluding those identified in Section 2.2.3) and
for expansions to existing facilities that result in an increase of more than 10% of total
production, or greater than 20,000 m® of product. Requirements for composting facility plans
are contained in Part 5 of the OMRR.

If a new composting facility is proposed with a capacity greater than 20,000 t annually or if an
expansion is proposed to an existing facility that results in an increase in capacity to more than
20,000 t of product annually an environmental impact study and report are required. Part 5 of
the OMRR outlines the requirements of the environmental impact study.

Copies of all plans, specifications and environmental impact studies must be kept at the
composting facility at all times and be available to the MoE Regional Waste Manager upon
request.

Additional information on the OMRR requirements for composting facilities can be found in the
compost facility requirements guideline: How to Comply with Part 5 of the Organic Matter
Recycling Regulation (Forgie et al., 2004).
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2.2.5 Notification

Plans and specifications for composting facilities and environmental impact study reports must
be filed with the Regional Waste Manager at least 90 days before construction begins on a new
facility or expansion of an existing facility. If the facility is located in the ALR or on forest
reserve land, the ALC must also be notified of the planned development.

2.2.6 Leachate Management

Part 5, Division 3 of the OMRR outlines the requirements for leachate management at
composting facilities. All stages of the composting process must either occur on an
impermeable surface to prevent leachate from entering the soil on site, or occur under cover to
prevent the formation of leachate from runoff. All leachate from the composting operation must
be collected and either reused in the composting process or be treated and disposed of in an
environmentally acceptable manner. If a qualified professional can demonstrate through an
environmental impact study that leachate is not a concern on a site, then an impermeable
surface or roofed area is not required.

2.2.7 Compost Feedstock and the OMRR

Schedule 12 of the OMRR provides a list of organic materials that can be composted under the
regulation. Any materials not included in this list must be composted only under permit or
approval from the MoE.

2.3 OMRR and Biosolids Growing Medium

BGM is classified as retail-grade organic matter and can be distributed without volume
restriction. The OMRR requirements for BGM are summarized in Table 3.
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Table 3: Summary of the OMRR requirements for biosolids growing medium

OMRR Criteria | Biosolids Growing Medium
Quality Criteria (Schedule 4; g g'1 dw)

Arsenic 13
Cadmium 1.5
Chromium 100
Cobalt 34
Copper 150
Lead 150
Mercury 0.8
Molybdenum 5
Nickel 62
Selenium 2
Zinc 150
Foreign Matter < 1% dw?
Sampling and Analyses and Record Keeping (Schedules 5 and 6)
Sampling and Analysis Required
Record Keeping Required
Nutrient and Organic Matter Criteria (Schedule 11)

Total Kjeldahl Nitrogen (TKN) <0.6%
Carbon to Nitrogen Ratio (C:N) >15:1
Organic Matter <15 %, dw

@ Further requirement of no sharp foreign matter that can cause injury.

2.3.1 Biosolids Growing Medium Fabrication

BGM is a fabricated soil product derived from the combination of biosolids with other organic
and inorganic feedstock materials (Photograph 3). BGM can be fabricated with Class A
biosolids or Class B biosolids which meet the pathogen and vector attraction requirements for
Class A biosolids in Schedules 1, 2 and 3 of the OMRR. Unlike Class A or Class B compost,
which must be produced from the list of organic matter suitable for composting provided in
Schedule 12, there are no OMRR criteria for the feedstock materials used to produce BGM
aside from the biosolids requirements.

Photograph 3: Tub mixer used to combine
feedstocks to achieve a BGM

SYLVIS
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2.4 OMRR and Managed Organic Matter Storage

The OMRR specifies requirements for the storage of managed organic matter. The regulation
identifies facilities as either a storage site or storage facility — each with their own set of
requirements. Depending on the time of year and local precipitation, the storage site can
require covering (Photograph 4). The intent of the regulation is to minimize the need for
managed organic matter storage and ensure that there is no escape of managed organic
matter or adverse environmental impacts. Storage requirements are discussed further in
Section 10.6.6.

Photograph 4: Covered storage for
managed organic matter

SYLVIS

2.5 Land Application and Distribution

Retail-grade organic matter can be distributed without restriction, while managed organic
matter is subject to land application and distribution criteria. Land application and distribution
requirements for managed organic matter are summarized below.

Additional information on the land application of managed organic matter is provided in the
following Chapters:

e Chapter 10 — General best management practices (BMPs)
e Chapter 11 — Developing a LAP
e Chapter 13 — Agricultural applications
e Chapter 14 — Silvicultural applications
e Chapter 15 — Land reclamation applications
2.51 Class A Biosolids
Class A biosolids can be sold, distributed and applied without a LAP providing that:
e <5m?’is applied per year per parcel of land;

e sealed bags for retail purposes are each < 5 m® with no restrictions on the number
of bags; or

o the volume of Class A biosolids is < 5 m® per vehicle per day.
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Class A biosolids may be distributed as a feedstock to composting or BGM fabrication facilities
without volume restriction.

A LAP must be prepared if Class A biosolids are to be land applied, as a source of fertilizer or
soil conditioning, in volumes > 5 m*. Within the OMRR, the purposes of a LAP are discussed in
Part 4 while Schedules 7 and 13 provide information on specific requirements of a LAP.
Chapter 11 of this document provides guidance for the development of a LAP.

2.5.2 Class B Biosolids

A LAP is required for the land application of Class B biosolids regardless of volume. In addition,
application of Class B biosolids must be conducted in accordance with land application
methods outlined in Schedule 8 and soil substance standards provided in Schedules 9 and 10
or site-specific criteria approved by the Waste Manager.

Schedule 8 of the OMRR establishes management requirements for the application of Class B
biosolids, including buffer distances for applications near water features, grazing and food crop
restrictions, and signage requirements. Schedules 9 and 10 provide soil standards where
managed organic matter has been applied.

Class B biosolids can be distributed to a composting facility without a volume restriction. Class
B biosolids that meet Class A biosolids criteria specific to Schedules 1, 2 and 3 may be
distributed as feedstock to a BGM facility without volume restrictions.

2.5.3 Class B Compost

A LAP is required for the land application of Class B compost. The application must adhere to
the management requirements stipulated in Schedule 8 of the OMRR. Such requirements
include buffer distances for applications near water features, grazing and food crop restrictions,
and signage requirements.

2.6 References and Supporting Documentation

Forgie. D.J.L, L.W. Sasser and M.K. Neger. 2004. Compost Facility Requirements Guideline:
How to Comply with Part 5 or the Organic Matter Recycling Regulation.

Province of British Columbia. 2002. Organic Matter Recycling Regulation. BC Reg. 18/2002.
Queen’s Printer, Victoria, BC.
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3 The BC Soil Amendments Code of Practice

The SACoP enables beneficial land application of soil amendments to augment soil structure,
increase soil organic matter content and promote vegetation establishment. The application of
soil amendments must not create or exacerbate a contaminated site.

The SACOP is authorized under the EMA. The SACoP simplifies the previous permitting and
approval process by providing consistent, province-wide requirements for the land application
of soil amendments.

The SACoP applies to the following residuals defined as soil amendments:

o fly ash derived from the burning of wood that has not been immersed in marine
waters;

e residuals from the primary or secondary treatment of liquid waste produced after
1995 from a pulp or paper mill and domestic sewage if mixed with those residual
solids;

e waste lime or waste lime mud;

e residuals from the treatment of water for domestic use or use in industrial
processes; and,

e industrial residuals of wood that have not been treated with glue, paint,
preservatives or other substances harmful to humans, animals or plants.

Soil amendments can be applied to land for beneficial purposes provided compliance with the
quality and application criteria in the SACoP.

Photograph 5: Applying ash to agricultural land

SYLVIS

3.1 Soil Amendment Quality

Each of the five soil amendments regulated under the SACoP must meet the criteria for trace
elements and foreign matter prior to land application. The amendment quality requirements are
summarized in Table 4 below. These requirements are provided in Table 1 and Part 3 of the
SACoP.
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The trace element criteria for residuals regulated under the SACoP are identical to that of Class
A biosolids with the addition of the Class B limits for copper and chromium.

Table 4: Soil amendment quality criteria

SACoP Criteria | Soil Amendments
Quality Criteria (Table 1; pg g™ dw)

Arsenic 75
Cadmium 20
Chromium 1,060
Cobalt 150
Copper 2,200

Lead 500
Mercury 5
Molybdenum 20

Nickel 180
Selenium 14

Zinc 1,850
Foreign Matter (Part 3)

Foreign Matter < 1% dw?
Fecal Coliform (Part 3)

Fecal Coliform® < 1,000 MPN g dw®

# Further requirement of no sharp foreign matter that can cause injury.
® Applies only to pulp and paper residuals containing domestic sewage.

° A fecal coliform concentration of > 1,000 MPN g’1 dw does not prohibit application;
rather, special management requirements apply.

3.2 Storage

Part 2 of the SACoP provides storage requirements for three of the five amendments governed
under the regulation: fly ash, primary and secondary pulp and paper residuals, and WTR.
These must be stored in a structure that prevents the escape of the amendment and is located
at least 15 meters (m) from any watercourse and 30 m from any source of water used for
domestic purposes. Vehicles or mobile equipment used to transport the amendment are not
considered a structure. Examples of structures are reservoirs, lagoons, cisterns, gutters, tanks,
and bermed areas.

Soil amendments can only be stored on a farm if all the amendment will be applied to that farm
under a LAP. The SACoP allows temporary storage of soil amendments on a storage site
without the need for a storage facility provided buffer distances and timelines are adhered to
and the escape of the soil amendments is prevented. Soil amendments can be stored on a
storage site for a maximum of nine months if the site is at least 30 m from any watercourse or
source of water used for domestic purposes. If the distance is less than 30 m, the maximum
storage period is two weeks.

Soil amendments must be covered from October 1 to March 31 if they are stored at a site on
Vancouver Island, in the Greater Vancouver Regional District, in the Fraser Valley Regional
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District or in other areas of the Province where the precipitation during that period exceeds
600 mm for the months October to March inclusive (Photograph 6).

Photograph 6: Residuals storage site in a
high precipitation region

SYLVIS

Although the SACoP does not specify storage requirements for lime or wood residuals, it is
recommended that the storage of these amendments be conducted to prevent the escape of
the amendment and not cause adverse environmental impacts. It is further recommended that
the storage area be located at least 30 m from any surface water or drinking water source.

3.3 Sampling and Analysis

Sampling and analysis are required to confirm that the soil amendments meet the quality
requirements for land application. All soil amendments governed under the SACoP must meet
the criteria for trace elements (provided in Table 1 of the SACoP) and foreign matter.
Determination of fecal coliform concentration is required only for primary and secondary pulp
and paper residuals containing domestic sewage. These requirements are summarized in
Table 4 above.

Initial sampling and analysis are required for all soil amendments to confirm that the SACoP
criteria are met. Regular monitoring is required only for fly ash and primary and secondary pulp
and paper residuals (whether or not they contain domestic sewage). For these amendments, a
sample must be collected by a qualified professional when:

e 1,000 dry tonnes (dt) of the soil amendments are produced;
e one year has passed since the facility started to produce the amendments; or,
e one year has passed since the last sampling and analysis.

The SACoP requires a qualified professional collect the samples. Additional details on
sampling and analysis are provided in Chapters 6, 7, 8, 9 and 12.

3.4 Land Application and Distribution

A LAP authored by a qualified professional is required for the application of > 5 m® of
amendment per site per year. A LAP is not required if the application rate does not exceed 5 m®
of amendment per site per year although some restrictions apply if the amendment is primary
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or secondary pulp and paper residuals which contain domestic sewage. Application of primary
or secondary pulp and paper residuals containing domestic sewage is restricted by the
groundwater table and buffer zones. In addition, if the fecal coliform concentration is
> 1,000 MPN g™ dw, planting and grazing restrictions apply and a sign is required.

The requirements of the SACoP do not apply to industrial wood residuals used for the activities
prescribed in Section 3 (5 and 6) of the Waste Discharge Regulation. Refer to Chapter 4 for
information on the SACoP in context with other provincial legislation.

The land application of soil amendments is discussed in detail in the following Chapters:
e Chapter 10 — General BMPs
e Chapter 11 — Developing a LAP
e Chapter 13 — Agricultural applications
e Chapter 14 — Silvicultural applications

e Chapter 15 — Land reclamation applications

3.5 References and Supporting Documentation

Province of British Columbia. 2007. Code of Practice for Soil Amendments. Ordered June 18,
2007.
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4 Association with Provincial Regulations

Residuals applied under the OMRR and the SACoP may be subject to additional provincial
regulatory requirements. These regulations include, but are not limited to:

e Contaminated Sites Regulation (CSR)

o Waste Discharge Regulation

e Agricultural Waste Control Regulation

e Agricultural Land Commission Act (ALCA)

The applicability of these regulations to residuals managed under the OMRR and the SACoP is
discussed in Sections 4.2 to 4.5 below.

4.1 Co-application of OMRR and SACoP Residuals

Residuals regulated under the OMRR and the SACoP can be mixed and applied concurrently.
In this instance the user must comply with both the OMRR and the SACoP - the more stringent
regulatory requirements apply. Individual residuals must meet the quality requirements of the
appropriate regulation. For example, if Class A biosolids are co-applied with primary pulp and
paper residuals (which do not contain domestic sewage), the Class A biosolids must meet the
OMRR Schedule 4 trace element criteria whereas the pulp and paper residuals must meet the
SACoP Table 1 requirements for trace elements. Residuals cannot be combined for the
purpose of dilution. Assuming > 5 m® of either residual is included in the mixture, a LAP would
be required. The soil where the residuals are applied would be required to meet the OMRR
Schedules 9 and 10 criteria and the SACoP requirement that the application of residuals does
not create or exacerbate a contaminated site.

In instances where wood waste is used in the production of BGM, the SACoP is not intended to
add additional requirements beyond the criteria given in the OMRR.

4.2 BC Contaminated Sites Regulation
Both the OMRR and the SACoP include references to the CSR (CSR; BC Reg. 375/96).

The OMRR specifies that a site is not a contaminated site with respect to a substance in the
soil provided:

e the site has been used in accordance with the OMRR;

¢ the site has not been used for any commercial or industrial purpose or activity listed
in Schedule 2 of the CSR; and,

¢ the site before the application of managed organic matter was not a contaminated
site as defined by the same regulation.

The SACoP indicates that soil amendments must not be applied to an application site in a
manner or amount as to create or exacerbate a contaminated site.
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4.3 Waste Discharge Regulation

The Waste Discharge Regulation (WDR; BC Reg. 320/2004) is authorized under the EMA
(EMA; July 2004). In lieu of permits or approvals the EMA allows for the development of codes
of practice for industries, trades, businesses, operations and activities listed in Schedule 2 of
the WDR. Codes of practice govern the discharge of waste from the prescribed industry or
activity; the SACoP is the code of practice designed to regulate the land application of residuals
for use as soil amendments.

Sections 6(2) and 6(3) of the EMA prohibit the introduction of waste into the environment. In
this context, the WDR stipulates the industries, trades, businesses, operations and activities
that require authorization to introduce waste, and that are exempt from the prohibition through
compliance with a code of practice (WDR Implementation Guide, MoE, 2006).

The following operations, related to these Best Management Guidelines, are exempt from EMA
Section 6 (2 and 3) and do not require authorization or compliance with a code of practice (note
that compliance with other regulations or codes of practice may be required for activities not
listed):

e The use of industrial wood residue for foundation material at constructions sites if
applied under the direction of a professional engineer (WDR, Section 3(4)).

e The use of industrial wood residue as plant mulch or in residential gardens, as
foundation material for animal bedding, and in sports areas (WDR, Section 3(5)).

e The use of industrial wood residue as a soil conditioner or ground cover in non-
agricultural operations if < 100 m* per year is spread on a single property and it is
applied in accordance with good agronomic practices (WDR, Section 3(6)).

The WDR Implementation Guide (MoE, 2006) indicates that use of industrial wood residue on
sports areas includes ball diamonds, soccer pitches and riding or hiking trials; it does not
include the placement of wood over large areas occasionally used for sports activities. Good
agronomic practice, with respect to the application of wood residues, entails spreading the
wood evenly over the site as a soil amendment and ensuring beneficial use with respect to the
soil.

Industries, trades, businesses, operations and activities listed in Schedule 2 of the WDR and
that operate under the appropriate code of practice are also exempt from Sections 6 (2 and 3)
of the EMA with respect to introducing waste to the environment (i.e. an authorization to
introduce waste is not required).

Regardless of the exemptions listed above, waste discharges must comply with EMA Section 6
(4). A person must not introduce waste into the environment in such a manner or quantity to
cause pollution.
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4.4 Agricultural Waste Control Regulation / Code of Agricultural Practice for
Waste Management

The Agricultural Waste Control Regulation (AWCR; BC Reg. 131/92) falls under the authority of
the EMA and the Health Act. The AWCR indicates that a person who carries out agricultural
operations under the Code of Agricultural Practice for Waste Management (CoAPWM) is
exempt from Sections 6 (2 and 3) of the EMA and therefore, does not require a permit or
authorization to introduce wastes to the environment for the purposes of carrying out
agricultural operations.

Part 7 of the CoAPWM pertains to the storage and use of wood waste, a residual also
managed under the SACoP. The CoAPWM designates which activities wood waste can be
used for, including application as a soil conditioner. The CoAPWM also provides storage
requirements and delineates prohibited uses. Wood waste stored and used on a farm must be
handled in a manner to prevent the escape of particulate matter, solid matter or leachate that
causes pollution. Wood waste used on a farm must not be used:

e for landfill, and

e on sites within 30 m of any source of water used for domestic purposes with the
exception of existing sites under use prior to April 1, 1992, provided that the use is
not causing pollution.

The SACoP does not prohibit the application of wood waste within 30 m of domestic water
sources although the CoAPWM does. Therefore, when applying wood waste to agricultural
land it is important that the requirements of both the SACoP and the CoAPWM are taken into
consideration and the most stringent criteria used.

4.5 Agricultural Land Commission Act

The ALCA (ALC, S.B.C. 2003) mandates that a person must not use agricultural land for non-
farm use unless permitted by the Act, the regulations or an order of the commission. Soil
amendments regulated under the SACoP are considered fill and their application is considered
a non-farm use. In order to apply soil amendments to land within the ALR, an application for the
placement of fill must be made under Section 20 of the ALCA. Applications should be
submitted well in advance of the proposed application as processing time ranges from
approximately 60 to 90 days. Both the ALC and the local government can veto the land
application. Authorization by the ALC is not required for the placement of residuals regulated
under the OMRR as the ALR Use, Subdivision and Procedure Regulation defines the following
activities as farm use:

e application of compost and biosolids produced and applied in compliance with the
OMRR; and,

e production, storage and application of Class A compost in compliance with the
OMRR, if at least 50% of the compost is used on the farm.
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The ALCA does not allow the production of Class B compost on land in the ALR. In order to
produce Class B compost within the ALR, an application for a permit must be made to the ALC.
Those wishing to produce a Class B compost should contact the ALC early in the process to
determine the likelihood that an application for permit would be successful.

4.6 References and Supporting Documentation

Agricultural Land Commission. 2003 (Revised 2004). Agricultural Land Commission Act. S.B.C
2002. Burnaby, BC.

Ministry of Environment, Environmental Protection Division. 2006. Waste Discharge Regulation
Implementation Guide. March 17, 2006.

Province of British Columbia. 1992. Agricultural Waste Control Regulation. BC Reg. 131/92
including amendments up to BC Reg. 321/2004. Queen’s Printer. Victoria, BC.

Province of British Columbia. 2002. Agricultural Use, Subdivision and Procedure Regulation.
BC Reg. 171/2002 including amendments up to BC Reg. 546/2004. Queen’s Printer. Victoria,
BC.

Province of British Columbia. 2004. Waste Discharge Regulation. BC Reg. 320/2004 including
amendments up to BC Reg. 156/2005. Queen’s Printer. Victoria, BC.
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5 Properties of OMRR and SACoP Regulated Residuals

This Chapter provides information on the production and use of residuals regulated under the
OMRR and the SACoP including substances which can affect the quality of the residuals.

5.1 Residuals Regulated by the OMRR
The following residuals are regulated by the OMRR:

¢ municipal biosolids that meet the Class A or Class B pathogen reduction processes
and limits; vector attraction reduction processes and trace element limits in the
OMRR;

e compost derived solely from organic matter listed in Schedule 12 of the OMRR and
that meets the Class A or Class B compost pathogen reduction processes and
limits; vector attraction reduction processes and trace element limits in the OMRR;
and,

e BGM derived from Class A biosolids or Class B biosolids that meet Class A
pathogen and vector attraction reduction requirements.

511 Biosolids

Biosolids are an organic residual derived from the treatment of municipal wastewater
(Photograph 7). Biosolids refers to municipal sewage sludge that has been sufficiently treated
through stabilization processes to reduce pathogen densities and vector attraction such that it
meets the requirements of the OMRR.

Because of the high nutrient and organic matter content, biosolids can be beneficially applied to
land as a fertilizer or soil conditioner.

5111 Biosolids Production

The composition of influent wastewater and the type of treatment system used at a wastewater
treatment plant (WWTP) can influence the nutrient and trace element content of the biosolids.
Biosolids can be generated from anaerobic or aerobic treatment processes (Photograph 8).
They can be dewatered following digestion, or lime stabilized. They can also be produced as a
result of long-term storage of wastewater and sludge in a lagoon.
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Photograph 7: Lime stabilized biosolids on the left
compared to biosolids without lime

SYLVIS

The process of treating municipal wastewater involves preliminary, primary, secondary and
occasionally, tertiary treatment of the wastewater with the goal of creating an effluent that is of
a quality that can be discharged to ground or surface water. Preliminary wastewater treatment
includes screening and grit removal to remove coarse solids that would interfere with
equipment used during further treatment. Primary wastewater treatment involves gravity
sedimentation to remove a significant portion of settleable solids and biological oxygen demand
(BOD). The residue from primary treatment is called primary sludge. The primary-treated
wastewater can then undergo secondary treatment where a microbial process is used to
remove nutrients, trace metals and contaminants from the wastewater. The microbial biomass
consumes or adheres to trace elements, pathogens and organic compounds from the
wastewater, and then flocculates to form particles that will settle in sedimentation tanks. The
settled material is termed secondary sludge.

Photograph 8: Aerobic digester at the
Langley WWTP

SYLVIS

The material that settles out in the primary sedimentation and (if applicable) secondary
biological flocculation processes is called sludge. Regardless of the treatment process
employed (other than preliminary screening), WWTPs produce sludge. Sludge quantities and
characteristics are a function of the untreated wastewater that enters a treatment plant as well
as the treatment processes used at the plant. The quantity of sludge produced by a treatment
plant depends on variables including influent wastewater characteristics (relative proportions of
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sanitary sewage, industrial wastes and storm water), and the type and level of treatment
employed at the treatment plant.

In general, the more advanced the level of treatment, the greater the amount of sludge
produced. Sludge handling and treatment processes alter the amount and characteristics of the
sludge produced. Sludge handling processes are divided into six categories or levels of
treatment. Sludge handling processes include: stabilization, dewatering, conditioning, drying,
concentration, and beneficial use or disposal.

Sludge stabilization is necessary to eliminate nuisance conditions and reduce or eliminate
pathogens. Volume (weight) reduction and methane (CH4) gas or carbon dioxide (CO,)
production are stabilization functions. Stabilization processes include: anaerobic digestion,
aerobic digestion, chemical stabilization, composting, heat treatment, disinfection, and
lagooning.

Most sludge in BC undergoes either anaerobic or aerobic digestion, composting or lagooning.
Anaerobic digestion is the most common method of sludge stabilization and involves the
biological degradation of organic matter in the absence of free oxygen. This process results in
the conversion of readily degradable organic matter into CO,, CH,4, hydrogen sulphide and
water, leaving a biologically stable residue. A considerable reduction in number of pathogenic
bacteria occurs during digestion. Sludge from the sedimentation tank is pumped into a closed
vessel called a digester. Within the digester the sludge is mixed, heated and held for 20-60
days. Mesophilic digesters operate in the 10-30 degrees Celsius (°C) range whereas
thermophilic digesters operate at 38-60°C. Methane gas produced from these processes is
often used to heat the digestion process. Aerobic digestion occurs in the presence of oxygen,
and in the same temperature range as anaerobic digestion. Chemical stabilization is designed
to create conditions that inhibit the growth of microorganisms and thus slow the degradation of
organic matter and prevent odours. The most common form of chemical stabilization is to raise
the pH of the sludge using lime or a similar material. Lagooning is also employed for pathogen
reduction and dewatering (Photograph 9).

Photograph 9: Biosolids lagoon

SYLVIS

Once municipal sewage sludge has been sufficiently treated through stabilization processes to
reduce pathogen densities and vector attraction such that it meets the requirements of the
OMRR, it is termed biosolids, and can be beneficially recycled as a fertilizer or soil amendment.
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Biosolids conditioning is a treatment process specifically designed to improve dewatering
characteristics, should dewatering be required. Conditioning processes include: polymer
addition, elutriation (a washing process), heat treatment and ash addition. Polymer addition
thickens the biosolids and improves the production rate and solids capture. Solids
concentration with polymer frequently precedes dewatering and/or stabilization processes.
Thickening processes are commonly used when two types of biosolids from separate
stabilization processes are combined for dewatering (Photograph 10). The methods used for
concentration are physical processes and include gravity settling, dissolved air flotation and
centrifugation.

Photograph 10: Solids thickening
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Dewatering is a biosolids handling process that removes sufficient water so that the biosolids
transforms from a fluid state to a damp solid or dewatered cake. The most common dewatering
devices are centrifuges, drying beds, lagoons, vacuum filters, pressure filters and belt filter
presses. Biosolids drying is a thermal process whereby both volume and weight are reduced.

51.1.2 Biosolids as a Fertilizer and Soil Amendment

Two primary benefits of biosolids are their ability to improve soil fertility through the addition of
nutrients, and soil physical properties through the addition of organic matter and organic C (e.g.
Stehouwer, 2006). The addition of organic residuals can also increase the microbial activity in
the amended soil (Rogers and Smith, 2007).

Biosolids contain all of the macro and micronutrients required by plants for normal growth. The
essential macronutrients are nitrogen (N), phosphorus (P), potassium (K), sulphur (S), calcium
(Ca) and magnesium (Mg); the micronutrients (or trace elements) include chloride, iron (Fe),
boron (B), manganese, zinc, copper, molybdenum, nickel, selenium and cobalt. Applied to land,
these organic sources of nutrients are considered a fertilizer source and must be managed
accordingly. Biosolids are comparable to typical poultry manure in nutrient content (see Table
5). The concentration of each nutrient in biosolids varies with the treatment process used in
generating the biosolids, and the source material entering the WWTP.

In general, biosolids produced from primary sludge have lower nutrient concentrations than
from a combination of primary and secondary sludges. Two identical primary WWTPs, both
using thermophilic digestion, but one with a shorter digestion period than another may produce
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biosolids with a similar concentration of N, but the forms and availability could differ. The
processes governing the availability of nutrients in biosolids is described further in Section 10.3.

Table 5: Average nutrient comparison — biosolids and poultry manure

Average concentration
%, d tter basi
Organic Nutrient Source D (%, dry matter basis)
Y | TotalN | NH-N | TotalP | Total K
Matter

Biosolids (dewatered) 25 4.3 0.86 2.3 0.2
Poultry layer manure® 41 4 1.1 3 2
Poultry broiler manure® 75 4.6 0.76 1.5 1.5

#Manure data adapted from Environmental Guidelines for Poultry Producers, 2" Ed., BCMAF
1997.

Relative to the nutrient requirement of most crops, N is the most abundant nutrient in biosolids.
Typical biosolids contain N in several different forms, about 80% as organic N and 20% in
inorganic forms (ammonium (NH,"), ammonia (NHs) and nitrate (NO5)).

Biosolids are also an excellent source of organic matter, the addition of which can improve the
physical, chemical and biological properties of the soil. Research has demonstrated that
organic C provided through the addition of biosolids improves soil aggregate stability and
decreases bulk density (Garcia-Orenes, et al., 2005). Improvements to the physical
characteristics of the soil can include: greater water holding capacity, improved aeration,
reduced soil erosion, and easier root penetration.

Chemically, these materials can improve the cation exchange capacity (CEC) of the soil, the
ability of the soil to hold positively charged nutrients such as K, Ca and Mg. The organic matter
addition can increase microbial activity in the soil by providing soil microbes with both a short
and long term nutrient source. On disturbed sites, biosolids can supply an innoculum of micro-
organisms to assist in soil development and site rehabilitation.

5.1.2 Compost

Compost is not itself a residual as are the other materials discussed in this guideline, but is
created from the composting of one or more different organic materials. It is a humus-like
organic material that results from the controlled aerobic biodegradation of organic materials
such as municipal biosolids, pulp and paper residuals, wood residues, manure, yard wastes
and food wastes.

5.1.21 Compost Production

Composting is a controlled and managed process, delineating it from landfilling or stockpiling of
organic residuals. When managed properly, composting produces sanitary, stable compost that
can be utilized as a soil amendment or as feedstock in value-added products (Photograph 11).
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Photograph 11: Turning a compost windrow
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Mixing feedstock to produce compost that optimizes important physicochemical properties is
critical to successful composting. This is facilitated by starting with well-characterized feedstock
of consistently high quality. The two parameters of primary interest to a composting facility in
their initial compost mix are carbon-to-nitrogen ratio (C:N) and moisture content. A C:N of 30 is
recommended to ensure the proper balance of nutrients to support microorganism populations
within compost. A C:N exceeding 30 will result in a shortage of N which will inhibit microbial
synthetic and reproductive functions and subsequent biodegradation of organic matter.
Additionally, the consumption of excess C may lead to the immobilization of the already
depleted pool of available N. A C:N of less than 30 results in a deficiency of C necessary for
energy and growth, and excess N which may lead to the formation of organic acids, liberation
of excess gaseous NH3; and odour generation.

Moisture in compost is necessary to assist microorganisms in metabolic processes, and
facilitate the transport of nutrients. Moisture also supports the movement of microbial
populations, distributing them uniformly within compost. The recommended moisture content
for aerobic composting is approximately 50-60%. At moisture contents below this range,
microbial activity is inhibited and the rate of composting decreases. At levels above this range,
water occupies pore space formerly occupied by air, and anaerobic conditions prevail, resulting
in decreased degradation and increased organic acid and odour generation.

Upon mixing the organic materials to be composted, microbial population establishment and
composting proceed rapidly. Diverse microbial populations colonize and are succeeded based
on the changing conditions within the compost environment. As localized environments in
compost vary, so too do the microbial populations that operate in these conditions.

Three primary groups of organisms are responsible for degradation activities in compost. They
are bacteria, fungi, and actinomycetes.

The presence, composition and succession of these microorganism populations relates to
changes in temperature during the composting process. Four primary temperature regimes
occur during the composting process. Composting initiates in the mesophilic stage. This stage
is characterized by temperatures below 40°C and the consumption of easily degradable
organic C sources such as sugars, fats and hydrocarbons by mesophiles, predominantly
bacteria. The initial mesophilic stage is short in duration, lasting only a matter of hours to 1-2
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days. As the mesophilic stage progresses, the degradation of organic matter releases energy in
the form of heat. The unique insulating property of compost allows the rapid warming of the
compost to a point at which mesophilic degradation is inhibited. At this point, composting enters
the thermophilic stage, and mesophiles are succeeded by thermophiles. Characterized by high-
rate biological degradation at temperatures between 40-60°C, the thermophilic phase lasts
from days to weeks. In addition to further degrading organic matter, the thermophilic stage
proceeds at temperatures sufficient to destroy weed seeds, fly larvae, and human pathogens
(Rynk, 1992). As the thermophilic stage ends, and the compost cools to below 40°C,
mesophiles recolonize the compost in the cooling and curing phases. Mesophiles in these
stages include bacteria, but also include fungi and actinomycetes that slowly degrade
recalcitrant forms of organic matter including proteins, lignin, chitin and cellulose. The cooling
stage continues until the compost does not reheat upon turning; the curing stage which follows
it can last from weeks to months. Curing facilitates the formation of humus, the stable organic
matter in compost that improves physical properties of amended soil. Curing also allows the
recolonization of soil microorganisms as well as macroorganisms such as worms and insects.

Composting methods vary in their degrees of management and infrastructure requirements. In
general, commercial or large scale composting is done by one of three different methods; static
piles, windrows, and in-vessel composting.

The formation of static piles is the composting process requiring minimal infrastructure. In this
process, compost is mixed and placed in piles on top of perforated pipes used to provide
aeration. Static piles do not require turning during the composting process. Three types of
aeration are used in static aerated piles. Passive aeration allows air to flow in through the
perforated pipes as a result of ambient air movement and convective forces in the compost
pile. Actively aerated static piles (ASP) are forcibly aerated by connecting a blower to the pipes
placed within the compost. In some cases these blowers are integrated as part of an
automated system and are activated based on changes in temperature and/or moisture within
the compost pile. Positive forced aeration forces air up through the static pile, while negative
forced aeration draws air down through the pile. Negative aeration allows for better control of
odours in open-air static pile composting.

Windrow composting requires more management than static pile composting. In this process,
compost is mixed and formed into long rows. A typical windrow may be 3-4 m wide, 2-3 m high,
and as long as is required to process the required volume. Windrows are aerated by
mechanical turning of the compost. Mechanical turning also allows the redistribution of heat
and moisture, and decreases the density of the compost, temporarily enabling improved
airflow. Several designs for windrow turners are used, including turners mounted on tractors
that utilize a power take-off system, and larger turners that straddle the windrow.

In-vessel composting requires the most infrastructure of the three discussed composting
processes. In this process, compost is placed within channels atop perforated flooring to allow
for aeration. Mixing equipment on tracks above the channels turn the compost. Many in-vessel
operations are covered or enclosed within a temporary or permanent building to provide a
constant composting environment and facilitate odour management.
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5122 Compost as a Fertilizer and Soil Amendment

The quality of compost as a fertilizer or soil conditioner depends mainly on the nutrient content
of the organic materials that make up the compost. Compost typically contains lower nutrient
concentrations than biosolids or other similar residuals. The nutrients, particularly the N, are
converted during composting from plant-available to less readily available organic forms. As
compost is quite variable in composition, it is typically land applied as either a fertilizer or a soil
conditioner, depending on the final C:N and nutrient content. It is also very desirable for use in
landscaping and horticulture due to its soil-like properties and aesthetic qualities. A study
conducted by Gale et al. (2006) concluded that the relative stability of compost generally
precludes it from providing a significant source of plant available nitrogen. As such, the primary
benefit of compost application lies in its ability to provide organic matter for the improvement of
soil physical properties.

Compost can vary widely in quality depending on the organic materials that made up the
original blend. Thus, characterizing compost feedstock is an important step in the composting
process. Compost quality must be assessed prior to land application or other use to determine
an appropriate application rate that will promote beneficial use and environmental protection.

5.1.3 Biosolids Growing Medium

Similar to compost, BGM is not a residual but rather is a product derived by mixing biosolids
with various feedstock materials. The feedstock materials are selected to meet the final use
objectives of the BGM.

5.1.3.1 Biosolids Growing Medium Production

Biosolids, a mineral feedstock and a C feedstock are normally used when fabricating a BGM.
Mineral feedstock such as sand is used to increase porosity, provide structure and improve
drainage. The C source functions to increase the C:N of the BGM. The ratio of feedstock
ingredients must be carefully selected to ensure that the OMRR Schedule 11 requirements are
met. The OMRR requirements for BGM are designed to be protective of human health and the
environment; they are not intended to ensure soil fertility, aesthetics or structure or meet
industry or landscape standards.

It is recommended that the intended use of the BGM be determined, and pilot scale mixing
conducted prior to operational scale BGM fabrication. This will allow the opportunity to modify
feedstock ratios and ensure that the physical, chemical and biological characteristics of the
BGM are appropriate for the intended use.

In addition to the feedstock quality the manner in which the feedstock materials are mixed can
impact the quality of the BGM. There are a variety of technologies which can be used to mix
the feedstock materials such as horizontal auger tub mixers and bottom buckets
(Photograph 12).
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Photograph 12: A bottom bucket to fabricate BGM
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5.2 Residuals Regulated by the SACoP

The following residuals are regulated by the SACoP:

fly ash derived from the burning of wood (except wood that has been immersed in
marine waters);

primary and secondary pulp and paper residuals produced after 1995 (including
domestic sewage if mixed with the residuals);

waste lime and waste lime mud;
WTR; and,

industrial wood residues that have not been treated with glue, paint, a preservative
or other substance harmful to humans, animals or plants.

The chemical composition of typical residuals regulated by the SACoP are provided in Table 6
and compared to those residuals regulated under the OMRR. A summary of the sources,
benefits, challenges and applications of the SACoP residuals is provided in Table 7.
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Table 6: Typical chemical composition of residuals regulated by the OMRR and the SACoP (various sources)

Residual® C:N TKN NH,4-N Total P Total K pH EC
ratio % mg kg’ mg kg’ mg kg’ pH units dSm™

Biosolids 5-16 3.2-6.7 397-10,200 10,000-30,000 1,000-4,000 7-8 3-6

Compost 7-40 1-4.5 2,600b 8,000-10,000 5,000-10,000 7-8 2-15

Fly ash 96° 0.06-0.42 trace 1,800-14,000 10,300-41,300 8.9-13.5 16-50

Pulp and paper

residuals — 111-478 0.08-0.4 37-122 580-1,000 120-800 6.4-7.6 0.19-0.7

primary

Pulp and paper

residuals — 5-10 4.3-7.7 900-1,400° 7,700-12,000 2,000-6,000 6.6-7.9 3.9

secondary

Waste limeand |\ i o\ silaple 0.2-0.3 trace 1,070-5,700 200-1,160 8.4-13 not available

lime mud

WTR 16.5-26.3 0.73-0.94 31-58 2,790-4,360 790-1,200 5.25-6.25 0.31-0.58

(Al or Fe-based)

Wood residues 150-1,313 0.04-0.23 trace 560" 1,310° 4.6° 3.09°

® References: Alberta Environment, 1999; Demeyer et al., 2001; Edwards and Someshwar, 2000; Elliott et al., 2002; Epstein, 2003; Gallimore et al.,

1999; Gaskin and Morris, 2004; Norrie and Fierro, 1998; Patterson et al., 2004; Peters and Basta, 1996; Rynk, 1992.

b Range not available.

¢ Combined primary and secondary pulp and paper residuals.
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Table 7: SACoP residuals summary matrix

Industrial Residual

Source

Benefits

Challenges

Applications

Primary pulp and
paper residuals

Sediment collected from settling of solids in
primary pulp and paper wastewater treatment.

¢ Contains high level of organic matter which
improves soil physical properties including soil
aggregation and CEC.

* High base cation concentrations in recovered
clays beneficial to intensively managed / short
rotation forests.

e Can be used as weed suppression mulch.

¢ Typically lower trace element concentrations.

¢ High C:N product liable to cause net

immobilization of N following application.

Application used primarily as a soil amendment
and not as a nutrient source.

Secondary pulp and
paper residuals

Biological treatment of pulp and paper
wastewater to remove suspended solids and
reduce BOD.

¢ High N and P concentrations resulting from
addition to facilitate biological process in
secondary treatment.

Low C:N content requires nutrient management.

Physical properties of bacterial biomass can be
difficult to control.

Uncertainty in pathogen levels in non sanitary
sewage mills.

e Primary and secondary pulp and paper

residuals are usually combined prior to
dewatering.

Combined pulp and paper residuals are used in
mine reclamation; as a C and nutrient source in
fabricated soils; landfill cover layers; composting
feedstock; and as a fertilizer on agricultural
sites.

Soil product development.

Wood ash

Fly ash collected from incineration of wood
waste.

e Serves as a liming substitute due to high
concentrations of oxides and carbonates; can
increase pH dependent CEC.

¢ Provides a source of plant available base
cations.

Composition varies with type of wood
incinerated and combustion technology.

Deficient in N and will require supplementation
with N fertilizer if applied to mineral soils.

Can increase salinity and pH levels in soil and
inhibit plant growth.

Can contain elevated concentrations of
synthetic organic compounds.

Land application as a liming agent, primarily on
agricultural soils.

Ingredient in fabricated soils and soil products.

Wood waste

Composed of bark and chips from sawmills and
pulp and paper mills.

o Suitable as a bulking agent in composting due
to high C:N.

¢ Depending on composition, can be porous and
absorptive.

Variation in composition and cleanliness due to
presence of sand and grit. Clean wood waste
typically incinerated.

High C:N — mulch application.
Not useful as a fertilizer.

Leachate can have adverse environmental
impacts.

Used in composting and on slopes for erosion
control and slope stabilization (particularly on
sites heavily impacted by precipitation).

Vegetation competition suppression.

WTR

WTR are residuals generated during the
purification of drinking or industrial process
water.

o Experimentally used to bind P in other high-P
residuals.

e Ca containing WTRs can be used as an
alternative liming agent.

Low concentrations of all nutrients except P
which is primarily bound by aluminum (Al) and
Fe making it poorly available to crops.

Bind P on sites oversupplied with nutrients.

Land application as a liming agent (Ca —
containing WTRs).

Adapted from SYLVIS, 2005
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5.21 Fly Ash
52.1.1 Fly Ash Production

An interest in replacing fossil fuels with renewable biomass fuels has facilitated the
investigation of wood waste use in energy production. The incineration of wood waste for heat
or energy produces ash as a by-product at approximately 1% by weight (e.g. the incineration of
1,000 kg of wood waste produces 10 kg of ash). Two types of ash are formed in the
combustion process. Bottom ash is the ash remaining in the incinerator following combustion.
Fly ash (or precipitator ash) is suspended in and collected from the incinerator exhaust gas.

The SACoP enables the beneficial use of fly ash; however, bottom ash is not regulated under
SACOoP and the land application of this residual would require a permit or approval from the
MoE. To be acceptable for management under the SACoP, the fly ash must be generated from
clean wood waste that has not been in contact with sea water. Refuse derived fuel, waste tires,
residue oils and other material may be used as additional fuel in power boilers to satisfy the
industry’s desire to improve energy efficiency. Fly ash from such processes also require a
permit or approval from the MoE.

The most abundant nutrients in fly ash are K and Ca and, to a lesser extent, Mg, Al, Fe and P.
The composition of fly ash is variable and depends on several factors including the type of
wood incinerated, incineration technique and combustion temperature (Pitman, 2006).
Generally, hardwood ash contains higher nutrient content that softwood (e.g. conifer) species,
particularly P and K. Incineration temperatures ranging from 600-900°C are ideal for retaining
nutrients. Source separation and the use of additives in the incineration of wood waste can also
affect quality. In general, fly ash has a very high concentration of several macro and micro
nutrients (excluding N which is lost during combustion) and low concentrations of trace
elements of concern. The fly ash reflects the nutrient composition of wood waste incinerated. It
also has a high pH (9-13.5) due to its high concentration of oxides and carbonates (Alberta
Environment, 2002; Demeyer et al., 2001).

Fly ash, as produced, has an extremely small particle size and is very dry making it susceptible
to movement by wind. Typically, the ash is wetted during or immediately after precipitation for
ease of handling and storage.

5.2.1.2 Fly Ash as a Fertilizer and Soil Amendment

Fly ash can be land applied as an alternative liming material or as a source of macro and micro
nutrients for crop growth.

Fly ash is an excellent alternative liming material because it has a high pH and is similar to
burned or hydrated lime in its reactivity in the soil. Because it is more similar to burned or
hydrated lime than to pure calcium carbonate (CaCQOs), it acts to increase the soil pH more
rapidly than limestone. Consequently fly ash is an excellent fertilizer source for agricultural
land, reclamation sites or forested areas. Supplemental N may be required with fly ash
application in the case of a soil N deficiency. The nutrients in fly ash are not present in the ideal
proportions for vegetation growth; the relatively high concentrations of K and sodium can lead
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to soil imbalances if very high application rates are used. Section 10.4.3 contains more
information on beneficial land application of fly ash.

5.2.2 Pulp and Paper Residuals
5.2.21 Primary and Secondary Pulp and Paper Residuals Production

The production of pulp for paper products generates a considerable volume of residuals.
During pulping (Norrie and Fierro, 1998), virgin wood is broken down either mechanically or
chemically to produce raw pulp. Mechanical pulping uses stone discs or refiners to physically
grind the wood into pulp, while chemical pulping “cooks” chipped wood through the sequential
addition of caustic reagents including sodium hydroxide and sodium sulphide to break down
lignin while retaining cellulose and hemicellulose. Subsequent washing and bleaching of the
pulp further add to the residual generated in the pulping process.

The main solid material produced from the effluent treatment process associated with a pulp
mill is referred to as pulp and paper residuals. Treatment processes at pulp and paper mills
typically yield two types of pulp and paper residuals: primary and secondary (Carpenter and
Fernandez, 2000). Primary residual is obtained by the physical separation of wood fibres, clay,
lime and ash (Bostan et al., 2005) from the raw wastewater usually in clarifiers or lined ponds.
Secondary residual is generated by settling the solids generated during the biological effluent
treatment processes used to remove BOD and toxicity. To facilitate the secondary process,
nutrients including N and P are added and the wastewater is oxygenated. The resulting primary
and secondary residuals are contrasting in composition. The primary residual is composed of
waste wood fibre and lime particles, and has a high C:N, while the secondary residual has a
higher nutrient content and a lower C:N (Norrie and Fierro, 1998). Paper recycling residuals are
typically similar to a primary residual.

At many mills, primary and secondary residuals are combined prior to dewatering, producing a
residual that has a C:N ratio and nutrient content midway between the two materials
(Photograph 13).

At some mills, domestic sewage from the mill is combined with pulp residuals for treatment. In
such cases, the residuals may contain pathogens.

Photograph 13: Pulp and paper residuals
stockpiled before application

SYLVIS
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5222 Pulp and Paper Mill Residuals as a Fertilizer and Soil Amendment

Primary pulp and paper residuals and paper recycling residuals, due to their high C:N, are an
excellent soil amendment to increase soil organic matter. Secondary residuals should be land
applied for their fertilizer value as they contain a substantial amount of all macro nutrients and
are also a source of organic matter. Combined pulp and paper residuals (primary plus
secondary) could be land applied either as a fertilizer source or as a soil conditioner, depending
on the C:N and the nutrient content.

Section 10.4 contains additional information on the beneficial reuse of these residuals on land.

5.2.3 Lime-Based Residuals
5.2.31 Production of Lime Residuals
Lime-based residuals include materials such as lime mud and waste lime.

Lime mud is a by-product of the pulping of wood using the kraft chemical pulping process.
During pulp production, a solution of sodium sulphide and sodium hydroxide is added as an aid
in digestion of the wood chips, separating the desired cellulose fibers from lignin, and in the
process it is turned into sodium carbonate. Calcium oxide (also known as caustic lime, quick
lime or burned lime) is added to convert the sodium carbonate back to sodium hydroxide so it
can be reused. During this process, CaCQO; is formed. This residue is known as lime mud
(Gaskin et al., 2004; Mitchell, 2006).

Calcium carbonate is the major component of ground agricultural limestone, therefore lime mud
is essentially limestone. However, lime mud consists primarily of ‘precipitated” CaCO; with
small amounts of magnesium carbonate and other trace elements and nutrients. The CaCO;
making up lime mud is much more reactive than ground limestone because it has a very small
particle size.

An initial step in the production of cement is the heating and mixing of limestone and siliceous
materials (e.g. clay or shale). The exhaust from this process contains fine particulate known as
cement kiln dust (CKD). The CKD is composed of unconsolidated starting materials and is
typically recycled in the production process, or disposed of to landfill (Miller et al., 2000).

Investigations into the beneficial use of CKD have identified its use as a liming agent. Although
CKD generally has a lower neutralizing equivalent than CaCQOj,, it has been found to increase
pH at a rate faster than coarse limestone, due primarily to it fineness (Rodd et al., 2004).

Ready mix concrete trucks are required to wash out their drums following delivery of a load of
concrete (Envirochem Special Projects Inc., 1993). This washout process removes
approximately 50 kg of residual concrete from a standard-sized concrete truck drum
(Photograph 14). The resulting slurry is treated to recover the process water for reuse or safe
discharge and to recover the sand, gravel and cement fines. The slurry typically undergoes one
of two processes: processing in a mechanical solids reclaim system; or removal of sand,
aggregate and cement fines in settling basins.
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Photograph 14: Material washed out of
concrete trucks
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Mechanical solids reclaim systems separate aggregate, sand and concrete/water slurry,
enabling the reuse of the raw materials.

Settling basin systems can range from one primary settling pond, to a series of ponds allowing
secondary and tertiary treatment of the washout slurry. Primary settling of the slurry results in
the removal of sand, aggregate and some cement. Further treatment is facilitated by allowing
the primary basin to overflow to a secondary basin(s) to remove cement fines. The recovered
solids from settling basins have traditionally been used as construction fill or landfilled.
However, the settling basin solids are currently being evaluated as a soil amendment,
specifically as a potential alternative liming material.

An assessment of solids recovered from the primary treatment of slurry was conducted by
SYLVIS in 2006. Analysis of the primary solids indicated a pH of approximately 11 and a
CaCO; equivalent (CCE) of 25%. This CCE value is relatively low in comparison to other liming
alternatives, including industrial wood ash (17-95%) (Demeyer, 2001) and lime mud (91-109%)
(Edwards and Someshwar, 2000). A further challenge to beneficially recycling solids recovered
from primary settling is that they are heterogeneous in composition and contain rocks up to 3
cm in diameter. The rocks may cause damage to application equipment and diminish the visual
aesthetics of a soil to which the solids are applied.

Solids recovered from secondary treatment of washout slurry may be more amenable to
beneficial recycling. The secondary solids would likely be more homogeneous and contain
substantially fewer rocks. Evaluation of the secondary solids should be conducted to determine
their beneficial properties.

5.2.3.2 Lime-Based Residuals as a Fertilizer and Soil Amendment

Lime based residuals are primarily sources of CaCOj3 and therefore find their preferred use as
liming materials on sites that require an upward pH adjustment. Because of the very small
particle size of the CaCO; particles, these residuals are much more reactive in the soil than
ground agricultural lime and tend to raise the soil pH faster and higher than would a similar
application of ground limestone.
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These residuals also contain a small amount of nutrients and trace elements. However, at the
application rates required to adjust the pH, the application of nutrients and trace elements
would be insufficient to provide crop requirements on a deficient site.

Section 10.4.3 contains more information on the land application of lime based residuals.

5.2.4 Water Treatment Residuals
5241 Production of Water Treatment Residuals

Water treatment residuals are materials generated during the purification of drinking or
industrial process water.

Processes to remove turbidity, color, taste, inorganic ions and organic sediments from raw
drinking water are necessary prior to distribution. The addition of flocculants such as alum or
similar Al-based polymers in combination with calcium hydroxide to drinking water can achieve
these removal objectives. Flocculants bind strongly to these constituents, forming insoluble
species that precipitate from solution. These residuals are produced on a continuous basis,
thus creating the need for a sustainable management strategy.

Drinking WTR are composed primarily of sediment, activated C, polymer and insoluble Al and
Fe oxides and hydroxides. WTR typically contains high concentrations of Al, Fe and P, and low
concentrations of other nutrients and trace elements. WTR can also have a significant amount
of Ca. The pH of these WTR is typically below six due to the presence of Al and Fe (Gallimore,
1999).

Another common type of drinking WTR is generated during water softening where lime
(CaCO0y) is added to remove hardness. These WTR consist of suspended solids and organic
matter as well as significant amounts of CaCO; and magnesium hydroxide. These WTR are
typically basic due to the presence of CaCO; (National Drinking Water Clearinghouse, 1998).

WTR as produced typically have a solids content of 1-2% and are managed as a liquid unless
dewatered.

To meet regulatory discharge requirements, industrial, commercial and institutional wastewater
dischargers often require the implementation of pre-treatment processes to reduce or eliminate
substances prior to discharging to the wastewater collection system. Thus WTR are also
formed during treatment of water other than raw drinking water. These residuals can have very
different characteristics depending on the composition of the wastewater and the processes
used to treat the water.

5242 Water Treatment Residuals as a Fertilizer and Soil Amendment

Alum or Fe-containing WTR make relatively poor soil amendments and fertilizer sources. They
contain low concentrations of all nutrients except P, which is primarily bound by Al and Fe
making it less available to vegetation. The Al and Fe oxides and hydroxides bind soil P once
the residual is land applied. If the receiving soil does not contain a sufficient P concentration,
deficiencies can be induced by land applying these types of WTR.

Due to their propensity to bind P, these WTR have been used experimentally on sites that are
oversupplied with this nutrient, and where there is risk of runoff or erosion of high P soil into
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surface water. These WTR have also been blended with other residuals such as biosolids to
bind P before or during application (Elliott, 2002). Research into the use of these WTR to bind
soil and residual P is ongoing.

Calcium-containing WTR typically have a very low concentration of all nutrients, including P.
They typically have a relatively high pH (8-9) and can be used as an alternative liming material
on sites that require pH adjustment. Calcium-containing WTR do not have the same propensity
to bind P as do the Al and Fe containing WTR.

Section 10.4.1.2 contains more information on the use and land application of WTR.

5.2.5 Wood Residuals
5251 Production of Wood Residuals

This type of residual can encompass waste wood generated by many different types of
industrial operations including waste wood from mills, wood working plants, and similar sources
(Photograph 15). The SACoP requires that it be uncontaminated with any substance that could
be harmful to humans, animals or plants including but not limited to paint, glue or preservatives.
Wood waste should also have a particle size that is suitable for its proposed use.

Photograph 15: Blackchips stockpiled in
preparation for land application
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5252 Wood Residuals as a Fertilizer and Soil Amendment

Wood waste has a very high C:N and low nutrient concentration. From a sustainability
perspective, the use of wood waste promotes the long-term storage of fixed C, precluding its
release into the atmospheric environment. It typically has a very low conductivity and a neutral
pH. Wood waste can be used as a soil conditioning material to increase soil organic matter, as
a mulching material or in horticultural applications.

Section 10.4.2 contains more information on land application of these residuals.

5.3 Substances Affecting Residual Quality

Substances affecting residual quality are typically divided into trace elements, pathogens and
other constituents.
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5.3.1 Trace Elements

Under the OMRR and the SACoP, the following 11 trace elements are considered potential
pollutants when residuals are applied to land: arsenic, cadmium, chromium, cobalt, copper,
lead, mercury, molybdenum, nickel, selenium and zinc. These trace elements (referred to as
substances in the OMRR and the SACoP) must be monitored in both the residual and the soil
before the residual is applied to land. Post-application monitoring is recommended to ensure
that the residuals have been applied in an environmentally protective manner.

All residuals contain trace elements in varying concentrations. Biosolids typically contain the
highest concentrations of trace elements of the residuals regulated under the OMRR and the
SACoP.

Trace elements that are present in the soil at elevated concentrations can lead to various
health and environmental concerns. Some trace elements, when present in excess amounts in
the soil, can cause abnormal or stunted growth in plants and can bio-accumulate in plants that
are then consumed by livestock or humans. For these reasons, the addition of these identified
trace elements in residuals is limited to concentrations determined to be safe through research.
Maximum allowable trace element concentrations in BC soils are based on those specified in
the CSR.

Sources of trace elements in biosolids are primarily anthropogenic, with minor amounts
occurring naturally from the weathering of rock. Anthropogenic sources include
industrial/commercial and institutional wastewater sources, corrosion of pipes conveying
source water, deposition from automobiles through exhaust and general wear (e.g. dust
generated by brake use), as trace components or contaminants in fertilizers and pesticides,
and non-point sources including runoff from rooftops, roadways and other impermeable
surfaces that can collect and transport water

An example of a source of a trace element in biosolids is selenium in dandruff shampoo or
mercury in dental amalgams. Industry, while under strict regulation as to what is acceptable
material to discharge into municipal sewers, can contribute trace elements to the sewer
system. The copper pipes that carry drinking water contribute most of the copper found in
biosolids.

Trace elements in compost originate from the organic materials that comprise the compost
feedstock, deposited through plant uptake, animal consumption in feed and subsequent
excretion, atmospheric deposition, and if the compost contains biosolids, through the pathways
by which trace elements enter the treatment system.

Sources of trace elements in the other residuals discussed in this guideline are primarily
natural. Trace elements in fly ash, pulp residuals and wood waste originate from the raw
material. Several trace elements in WTR are also naturally occurring. In general, the residuals
regulated under the SACoP contain very low concentrations of trace elements relative to the
concentrations found in biosolids.

Trace elements added to the soil in residuals such as biosolids are normally tightly adsorbed to
soil and residual mineral and organic particles and are therefore unavailable for plant uptake or
movement through soil to groundwater. At the typical residual application rates used for
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fertilization or soil conditioning, the application of trace elements is low and the soil capacity to
adsorb them is adequate. Trace element solubility in the soil solution generally increases as
soil pH decreases below pH 6.5; at low pH, trace elements become increasingly available for
plant uptake. The trace elements can become more mobile in the soil system. The exception to
this is molybdenum and selenium which are more soluble at higher pH. Residuals typically
contain very small amounts of these trace elements; plant uptake of these elements of residual
origin is therefore unlikely to be excessive.

Trace elements can enter surface water through wind or water erosion of soil. Trace elements
generally do not move downward through the soil profile; rather, they appear to remain tightly
bound to soil particles within the surface layer. The risk of movement of trace elements of
residual origin into groundwater is minimal.

5.3.2 Pathogens

The presence of pathogens in residuals is typically limited to biosolids. An exception to this is
pulp and paper residuals that have been mixed with domestic sewage at the mill.

Municipal wastewater and domestic sewage contain pathogens such as bacteria, viruses,
protozoa and helminthes (parasitic worms). During the wastewater treatment process,
pathogens are significantly reduced or destroyed by a combination of the following stabilization
processes: high temperatures, chemical disinfectants, destruction of the microbial food source
(volatile solids reduction) and desiccation (drying of biosolids). Following land application, any
remaining pathogens are destroyed by heat, sunlight, drying, unfavourable pH and other
microorganisms in the soil and on the soil surface.

Under the OMRR, biosolids and compost are divided into categories based partly on the level
of pathogen reduction achieved; Class B biosolids and compost must have fecal coliform
concentration < 2,000,000 MPN g' dw. In the application of Class B biosolids and Class B
compost, public access restrictions at application sites and crop growing restrictions are
designed to isolate the biosolids while final pathogen die-off occurs in the months following
application. The SACoP includes a waiting period for the planting of food crops on sites that
have been applied with pulp and paper residuals containing domestic sewage that have a fecal
coliform concentration of > 1,000 MPN g'1 dw.

5.3.3 Non-Regulated Substances

The OMRR and the SACoP regulate only trace elements and pathogens in the beneficial reuse
and land application of residuals. Other constituents in residuals could be of interest when land
applying residuals beneficially. The qualified professional must be aware of the current state of
knowledge and act accordingly. Depending on the residual, these substances of interest can
include:

e surfactants from detergent products, paints, pesticides, textiles and personal care
products;

¢ synthetic and natural steroidal hormones;

e dioxins and furans;



OMRR and SACoP Land Application Guidelines Page 40

o flame retardants (e.g. brominated diphenyl ethers); and,
e other volatile and semivolatile organic compounds.

None of these compounds are regulated by the OMRR or SACoP. To date, research has not
demonstrated a risk to human health or the environment from the small amounts of these
compounds present. Most of these compounds are degraded to some extent during the
wastewater treatment process; the remainder are, in general, rapidly degraded in the soil
following land application, or during composting. Plant uptake of these compounds has been
demonstrated to be very low and not of concern for human health.
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6 Introduction to Sampling

Sampling and analysis are vital aspects of residuals management which extend throughout the
process from assessing the quality of the residual for regulatory compliance through to
assessment of the receiving environment, application rate determination and post-application
monitoring. The resulting data is only as useful as the degree to which the sample represents
the matrix.

Appropriate and effective sampling is essential to generating sound data on which regulatory
compliance and decisions regarding future applications can be based. Sample collection
should take into consideration the end use of the data, the regulatory requirements, the matrix
being sampled, the parameters to be analyzed, due-diligence and any requirements for
statistical analysis. For example, the number of samples collected impacts how the data can be
interpreted. A minimum of three samples is required to calculate standard deviation and
confidence interval (Cl).

Quality assurance (QA) and quality control (QC) relates to a system designed to ensure that
the product or service achieves standards of quality. There are two related components: quality
control and quality assessment. Quality assurance includes documentation of procedures,
identification of critical points within the data collection activities that require monitoring by
quality control procedures, the level of quality achieved, problems encountered, and corrective
actions undertaken. Quality assessment is to provide assurance that the quality control
activities are being carried out effectively. It involves a continuing evaluation of performance of
the data-producing systems and the quality of the data produced. QC is the overall system of
activities that control the quality of a product (e.g. data) or service so that it meets the needs of
users. The goal is to provide quality that is satisfactory, adequate, dependable and economical
(CCME, 1993).

The premise of QA/QC is that data quality cannot only be documented, but can also be
controlled through appropriate practices and procedures. Data that do not represent the
population (the entire group of objects about which information is sought) have limited
usefulness or may be ineffective in characterizing the residuals to be land-applied or the
receiving environment. For example, the equipment used to collect the sample must not
introduce the parameter of interest into the sample; a rusty shovel will introduce contamination
in trace element analysis. With unreliable data the outcome could be an inappropriate
application of residuals and a miscalculation of the effects on the receiving environment.

From the onset of the initial site visit, sample plan design and sample collection to the analysis,
interpretation and evaluation of the data there needs to be clear documentation and definition
of the degree of variation tolerated in the dataset. A complete QA program ensures that
standard operating procedures exist for all essential aspects of a sampling program, including
definition of the objectives; design of the sampling plan; preparation of sample containers and
equipment; maintenance, calibration, and cleaning of field equipment; health and safety
procedures; and chain-of-custody protocols.
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The components of a QA/QC program are discussed in detail in several of the reference
documents noted in Chapter 16. This Chapter provides an introduction to sampling applicable
to the OMRR and the SACoP including a terse overview of sampling practices, sampling plans
and types of samples.

6.1 Sampling Practices

Good sampling practices are essential to ensure data quality. The quality of the data produced
can be affected by the equipment used, potential contamination and handling and storage of
the samples.

6.1.1 Equipment

The equipment used depends on the physical consistency of the material to be sampled, the
parameters of interest, age of the material (e.g. a crust often forms on aging residuals
stockpiles) and other factors.

Sampling of a homogeneous stockpile of residuals can be accomplished with a shovel and
trowel. If the stockpile is heterogeneous, a core sampler may be appropriate to determine
variations in depth. Sampling of large heterogeneous stockpiles can require the use of earth
moving equipment to access the interior of the pile.

Lagoon sampling can be accomplished using devices designed to capture material at depth
such as a tube with a stopper on the end activated from the surface. There are a number of
commercially available ‘discrete-depth’ sampling devices.

Soil samples can be collected using a variety of tools, including a soil sampling tube, a soil
auger, a trowel or a shovel (Photograph 16). A sampling tube is small in diameter (2.5 cm) and
is most appropriate for medium to fine-textured soils with low coarse fragment content on
agricultural sites. Coarse-textured soils tend to have little cohesiveness, and may not remain in
the sampling tube as it is removed from the soil. Sampling tubes will not penetrate rocky,
untilled soils or retain soils that are very dry.

Photograph 16: Collection of a soil core

SYLVIS
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A soil auger is more appropriate for soils with a moderate to high coarse fragment content. An
auger is also more useful on dry soils, and on sites where the soil has never been tilled. The
lack of cohesiveness in coarse-textured soils may be problematic with this type of sampling
device. Several different types of soil augers are available.

For sites which are either very coarse textured or have a very high coarse fragment content,
such as many forest and reclamation sites, the use of a trowel or small shovel may be more
appropriate. When sampling with a trowel or shovel, it is important that the sample is collected
evenly throughout the sampling depth to prevent sampling bias. The excavation of a small soil
pit to 20-30 cm prior to sampling will allow for easier collection of a soil sample.

6.1.2 Contamination

As discussed previously, the goal in sample collection is to provide the laboratory with a
sample that is characteristic of the existing conditions (i.e. the parameters of interest must not
be affected by collection, storage and transport). Accordingly, all sampling equipment (including
sample containers) must be in good condition, clean, and constructed of materials that will not
interfere with analysis. For example, only sterilized equipment may contact a sample collected
for fecal coliform analysis. Buckets for collecting soil samples must also be clean and free of
fertilizer, manure, other organic matter, herbicides or other soil.

Similarly, the sample handling protocol must ensure the integrity of the sample. The sample
must not be altered by the collection method. It is recommended that clean gloves are worn
during sampling to avoid contamination. Avoid gloves coated with a powder.

Specialized equipment and sample container decontamination procedures involving a series of
solvents may be required for certain parameters (e.g. trace organic sampling). Ideally, the
laboratory will supply the sample containers and preservatives to ensure appropriate volumes
and materials. The laboratory should also be able to provide specific direction on appropriate
equipment decontamination procedures specific to their analytical methods. Consult with a
professional knowledgeable in such sampling protocols.

6.1.3 Handling and Storage

The handling of samples following collection is important for accurate determination of various
parameters, particularly fecal coliform and nutrients. Place the sample in a clean plastic or
glass container and tightly seal. Zip lock bags will suffice for most solid samples (confirm with
the laboratory) while liquid samples such as liquid biosolids will require wide-mouthed bottles.
Sterilized sample jars or sterile Whirl-pak™ bags can be used for fecal coliform samples. The
laboratory should provide the appropriate clean containers. Record sample information on the
sample container. Pack samples adequately to ensure no leakage or breakage during shipping.

Samples should be transferred immediately to a cooler with frozen icepacks. The samples must
be kept refrigerated or frozen (if appropriate) until being shipped to the laboratory. If samples
are to be kept for an extended period of time, they must be frozen (except for bacteriological
samples). Prior to freezing, confirm with the laboratory that freezing will not alter the parameter
of interest. If the samples will be shipped to the laboratory within one day, they can be
refrigerated. Samples should be shipped via courier or direct delivery to ensure they reach their
destination within the required analyses timeline and without exposure to heat. Samples
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shipped outside of these guidelines will not yield data representative of the sampled material.
Schedule your sampling events such that samples are not held for an extended period of time
by the courier (e.g. over a weekend) on route to the laboratory. Contact the analytical
laboratory to confirm when they are open for sample receipt. Most laboratories have specific
requirements for sample collection and handling; additional information can be obtained from
the laboratory.

Bacteriological samples should be refrigerated, not frozen. For bacteriological analysis there is
a short holding time from the time the sample was taken until the time it must be analyzed.
Thus, timing of sample collection and allowance for transportation is critical to ensure accurate
representation of bacteriological indicators.

6.1.4 Sample Preparation

Sample preparation is important in residual analysis. The laboratory should have experience
with organic residuals analyses. Where applicable, the laboratory should be certified or have
the appropriate accreditation to complete the required analyses. In all cases, a strict QA/QC
process should be followed and the results reported in conjunction with the sample analysis.

6.2 Representative Sampling

A representative sample defines the average characteristics of a material. In order to obtain a
representative sample, several factors must be taken into consideration when designing a
sampling plan including physical condition of the material to be sampled, volume of the sample
required for analysis, composition of the material to be sampled and site-specific factors.

Under both the OMRR and the SACoP sampling of the residuals and soil are required. LAPs
may require additional sampling of surface water, groundwater and vegetation.

6.2.1  Physical Condition

One of the most important factors is the physical condition of the material to be sampled and
the limitations it may pose on sample collection. For example, a different sampling plan may be
required for sampling a pulp and paper residual stockpile as opposed to a lagoon filled with
material with much higher moisture content.

6.2.2 Volume

The volume of sample required for analysis is a function of the parameters of interest, the
analysis technique and the characteristics of the media to be analyzed (for example, liquid
versus solid residuals). The required sample volumes should be discussed with the laboratory
prior to sample collection. In general, 500 g of sample on a dw basis is sufficient for trace
element and nutrient analyses. An additional 100 g should be sufficient if fecal coliform analysis
is required. Collecting a minimum of twice the volume required will allow for repeat or additional
analysis. The extra sample can either be kept at the laboratory or by the sampler following
accepted protocols for holding times and storage. The short holding time for bacteriological
samples precludes storage.
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The material must be adequately represented by the sample(s) therefore the volume of the
material to be characterized affects the sampling plan. For example, the sampling plan for
characterizing 10,000 m? of residuals will differ from that for 200 m® of residuals.

6.2.3 Importance of Sample Composition

Soil nutrient concentrations display temporal and spatial variability across the landscape.
Residuals may have changing characteristics as a result of variations in process and feedstock
materials. Thus, the sampling plan needs to reflect the variability and pattern of variability in the
residuals. A discussion of appropriate sampling strategies is provided in Section 6.3.

6.2.4 Importance of Site-specific Factors

The person designing the sampling plan should be familiar with the site or facility, or arrange a
pre-sampling site visit. If sampling residuals, familiarity with how the residuals are generated is
recommended when designing the sampling plan. Site-specific factors which may affect design
of the sampling plan include accessibility, handling, transitory events such as start-up and shut-
down, climate and hazards.

6.3 Sampling Plans

A variety of sampling plans and types of samples are applicable to sampling of residuals and
receiving environment soils.

When sampling it is useful to consider the population as composed of a number of separate
units (e.g. the number of one litre samples in a biosolids lagoon; the number of spadefuls in an
pile of wood residue, or the number of planter boxes of a soil product). The units are distinct
from each other, and together their total number comprises the population (the entire material
or area being investigated). The sampling plan designates which units of the population are
included in the sample for measurement of the variables or characteristics of interest.

There are different types of sampling plans, usually classified as judgment, simple random,
stratified random and systematic random sampling plans. A brief description of the various
sampling plans is provided below. Typically, random or stratified random sampling plans are
used for most residuals related sampling events. Recommendations regarding the number of
samples to collect for each of the OMRR and SACoP requirements are presented in Chapter 8
and Chapter 9. Additional information on calculating the appropriate number of samples
required is provided in Appendix 1.

6.3.1  Judgment Sampling Plan

Samples are selected such that they are representative of the population or entire substrate in
the opinion of the sampler. In general, this is probably the most frequent type of sampling plan
carried out but may result in biased samples.

The areas of the site an investigator may decide are typical of the site, have a higher probability
of being selected for sampling than areas that look slightly different. The entire population will
not be represented in the estimates provided by the sample. Under the terms of the OMRR and
the SACoP when characterizing organic residuals or the receiving environment, sampling must
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be representative of the entire material or site. In addition, if any statistical analyses are to be
performed, they assume a population that is adequately represented from the sample results.

Judgment sampling bias

An individual sampling a recently cultivated poplar plantation prior to application of residuals may
inadvertently select soil samples only from between the tree rows. The samples may be more similar to
one another than those within the tree row. Consequently the substrate within the tree row is not fairly
represented and a bias is imparted.

6.3.2 Simple Random Sample

The basic characteristic of a simple random sample is that each unit has an equal probability of
being selected. Methods of sample unit selection include listing each unit independently and
using a random number generator or other similar methods to select sampling units.

Simple random sampling is appropriate for homogenous substrates, but it may not give a
appropriate representation of variable substrates.

Selecting sample units

For a compost pile, project a 3-D grid throughout the pile with numbers assigned to each unit of the grid
so that every spadeful of the compost in the pile has an equal probability of being selected. A random
number generator can then be used to select the units for sample collection.

Twelve samples will be collected from a lagoon. The lagoon surface is delineated into a grid of 100
‘squares’ and numbered consecutively. Using a random number generator, 12 units are selected for
sampling. This method could result in evenly spaced samples across the lagoon surface or it could result
in all 12 samples occurring at one end.

6.3.3  Stratified Random Sample

The stratified random sample is very similar to the simple random sample, but the substrate
(residual, soil, plant population) is divided into subpopulations of some similar nature or
condition in an attempt to ensure better coverage of the population. A simple random sample is
then collected from within each subpopulation. Because organic materials, soils and site
vegetation are heterogeneous rather than homogenous it is frequently useful to subdivide the
volume or area to be sampled into relatively homogenous units for sampling.

Stratification enables statements to be made about each of the subpopulations (e.g. a soil
series), and increases the precision of estimates for the entire population as all subpopulations
are represented. Variability between samples from differing subpopulations is eliminated from
the estimates of precision and only variability within the more homogenous subunits is present.
Again, precision increases with a reduction in variation.
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Sampling a subpopulation
Stratify the lagoon by depth into 3 layers. Collect random samples from each layer.

Stratify a compost pile by access to exterior air and drying conditions. Collect samples from the top
exterior, bottom exterior, top interior and bottom interior of the compost pile.

6.3.4 Systematic Random Sample

Systematic sampling attempts to ensure representative coverage of the population is
accomplished. The first sample point is assumed to be selected randomly and every sample
point thereafter is collected at a specific interval.

The major limitation occurs when the population being sampled has a periodic trend and the
sample occurrence matches this periodic trend (e.g. soil sampling across a system of small
valleys and hills and sample collection only occurs on the hilltops). Perhaps the largest concern
in systematic sampling would be the occurrence of an unrecognized pattern. Precision would
potentially be lost and bias introduced without the individual performing the sampling being
aware of the problem.

Sampling at specific intervals

Water treatment residuals collected every 60 seconds from a centrifuge after collection of the initial
sample at a random time.

Samples collected from every 8th square from a randomly selected square in a lagoon which as been
delineated into a grid of 100 squares.

6.4 Types of Samples

Within a sampling plan are the actual samples themselves. These are typically referred to as
subsamples, point or batch samples and composite samples.

6.41 Subsamples

In sub-sampling, the sampling unit selected by one of the previous sampling plans described is
divided into a number of smaller samples or subsamples. The characteristic under
consideration is then measured on a randomly selected subsample from each unit. The primary
advantage of sub-sampling is that it permits estimation of a characteristic of the larger sample
without having to measure the characteristic in the entire volume of the material in the larger
sample. The cost of the investigation may be reduced considerably.

Sub-sampling can be especially useful when collecting composite samples which are groups of
individual samples, amalgamated and thoroughly mixed. Resulting sample volumes can be
large, thus sub-sampling of the thoroughly mixed material facilitates laboratory analysis and
reduces analytical costs. However, at each stage of sub-sampling, or ‘multistage sampling’ as it
is sometimes identified, an additional component of variation is added and precision is lost.
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Collecting a subsample

To determine the effect of a soil amendment application on soil organic matter in a specific land unit
select a random sample of five 3 m x 3 m plots for sampling — a large quantity of soil to collect and
analyze. To subsample collect three subsamples of the upper 15 cm of soil in which to measure soil
organic matter. This establishes variability between subsamples within the same 3 m x 3 m square, and
between squares. Despite the fact that variability is likely to increase by only sampling a small portion of
the 3 m x 3 m squares, the reduced costs of analyzing and the ease of handling a smaller quantity of
material often mitigate the loss in precision.

6.4.2 Point (Grab or Discrete) Samples and Batch Samples

Point samples (also referred to as discrete or grab samples) are single samples collected from
one location. Batch sampling is characterized by a mass of material being collected from one
location. Since this may result in a large quantity of material, the material may be homogenized
and subsampled for analysis. Both point samples and batch samples provide characterization
of single areas, but do not provide a representative sample for the volume of material being
assessed. As such their primary usefulness lies in identification and characterization of
anomalous conditions or areas.

When to collect a discrete sample

Within a land application unit of an old farm site which had been predominantly pasture there is an area
which had previously had a stock pen located on it. A discrete sample of the soil from the stock pen area
would be more useful than integrating that specific area into the general sampling plan of the remaining
previously pasture areas.

6.4.3 Composite Samples

Composite samples are mixtures of numerous individual samples which adequately represent
the population. Individual samples must be represented equally (i.e. same volume or mass) in
order not to introduce bias, and each composite sample should be composed of the same
number of individual samples. Measurement of the parameter of interest is then conducted on
the composite sample. The primary benefit of collecting a composite sample or bulking
samples is the reduction in laboratory costs. When comparing regulatory limits to analytical
results, each composite sample represents one sample.

Composite samples and regulations

When sampling a pile of BGM, seven individual samples each having a volume of
250 mL are mixed to together to form a composite sample (sample 1). Another seven individual samples
each having a volume of 250 mL are mixed together to form a second composite sample (sample 2). For
regulatory purposes the total number of samples collected from the pile is two.
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6.5 Sampling the Residuals

Most organic residuals are variable in composition; therefore, composite sampling (with the
exception of fecal coliform analysis for pathogen reduction) is typically required to achieve a
representative sample for analysis while retaining an affordable level of analytical costs.

Schedule 5 of the OMRR requires that sample collection and analyses be conducted for every
1,000 t dw organic matter or once per year, whichever occurs first. This is the minimum number
of samples required. Additional samples are recommended for due diligence and increased
data confidence.

Under the SACoP, fly ash and primary and secondary pulp and paper residuals must be
sampled by a qualified professional when the earlier of:

¢ 1,000 t dw of soil amendments are produced at the facility, or

e one year has passed since the facility started to produce the soil amendments or
one year has passed since the last sampling and analysis.

The SACoP does not stipulate the sampling frequency, or the requirement for a qualified
professional to collect samples, for lime residuals, WTR or wood residue. Sample collection by
a qualified professional is not a requirement for any of the residuals regulated under the
OMRR.

A minimum of three composite samples, each consisting of seven equal volume subsamples,
are recommended each time a sample is collected under the OMRR or the SACoP for
parameters except fecal coliform.

Under the OMRR seven samples are required for fecal coliform analysis. Seven representative
samples are recommended for pulp and paper residuals which contain domestic sewage.

Various sampling plans are effective; a systematic random or simple random sampling plan is
suitable for residuals for which no identified pattern exists, for example from a continuous
process or within a batch of a batch process. Stratified random sampling is suitable when an
identifiable pattern or potential pattern exists.

Pre-application sampling of the receiving soil is necessary when a LAP is required. Should land
application of organic residuals exceed an agronomic rate a post-application monitoring plan is
also required. This plan may include vegetation and post-application soil sampling. Additional
information on vegetation and pre and post—application soil sampling is provided in Chapter 12.

6.5.1 Sampling Solids

Sample collection methods for residuals vary based on the state of the residual and whether it
is stockpiled or sampled as produced. Dewatered and solid residuals can be sampled as
produced or from a stockpile. Dewatered residuals can include biosolids, compost, BGM, pulp
and paper residuals and WTR. Solids include waste lime, lime mud, wood waste and fly ash.

When sampling residuals as they are produced, sample collection should be evenly spaced
throughout the operating cycle, to mitigate variability and ensure representative samples. Three
composite samples, each consisting of seven equal volume subsamples, are recommended for
trace element analyses. A systematic random sample would be an appropriate sampling plan.
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For example, ash samples collected from a conveyor at specific time intervals distributed over
the operating period.

When discrete samples are required or for fecal coliform analyses, sample collection should be
spread out over the cycle. Avoid collecting samples during periods when the residual generated
may not be typical of the operation, for example during start-up.

Systematic random sampling of dewatered biosolids for trace elements

Background: A typical operating cycle for the centrifuge at a WWTP is seven hours (excluding start-up
and shut-down). Three composite samples of seven subsamples each will be collected over 3 days and
analyzed for total elements. A systematic random sampling plan will be used.

To determine the interval between subsamples divide the time dewatered biosolids are produced by the
total number of subsamples to be collected. For example dewatered biosolids are produced for seven
hours (420 minutes) and seven subsamples are required during that time:

420 minutes17 subsamples = 60 minute intervals

Typical centrifuge operation begins at 8:00 am at which time the first subsample is collected. The sample
should be placed in the container provided by the laboratory and stored at 4 ‘C (in the fridge or in a
cooler). Using a systematic random sampling plan, the second subsample is collected 60 minutes later
(9:00 am) and added to the same sample container as the first subsample. Sample collection continues
every 60 minutes. After the seventh sample is collected (2:00 pm), composite sample #1 is complete.
Refer to the timeline below.

The same process is completed for composite sample #2 (day 2) and sample #3 (day 3).

Timeline
8:00 am subsample #1
9:00 subsample #2
10:00 subsample #3
11:00 subsample #4 Composite Sample #1
12:00 pm | subsample #5
1:00 subsample #6
2:00 subsample #7

When sampling from a stockpile, samples should be randomly distributed. If using a simple
random sampling plan, envision the stockpile as a 3-D grid and sample randomly from the grid
units. If using a stratified random sampling plan sample randomly within each strata.

A simple random sampling plan is appropriate for uniform stockpiles while a stratified random
sampling plan is more appropriate for inconsistent residuals. For example, if a wood waste
stockpile contains waste from various tree species which are not mixed together, a stratified
random sampling plan could be used, with samples collected randomly within each strata. For
some residuals, waste lime for example, it is recommended that sampling occurs as the
stockpile of material is created. The stockpile can be challenging to sample after it is created.
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Sampling BGM
Collect 3 composite samples each composed of seven subsamples proportionally distributed throughout
the stockpile and at a depth of at least 30 cm.
For example in a triangular pile (see diagram below) each composite sample would be composed of:

four subsamples collected from the bottom portion of the pile;

two subsamples collected from the middle portion of the pile; and,

one subsample collected from the top portion of the pile.

When sampling a stockpile, particularly if the residuals have been stockpiled for some time,
avoid the upper layer of material. This layer could be contaminated from atmospheric
deposition and other factors and will not be representative of the mass of material being
assessed. Clear away material to the desired sampling depth with a clean spade or trowel and
collect an uncontaminated sample. The sample depth should be at least 30 cm from the
surface of the pile.

6.5.2 Sampling Liquids

Stratified random sampling is suitable when an identifiable pattern or potential pattern exists,
for instance, a biosolids lagoon that is known to consist of two or more vertical strata. For a
stratified sampling process the samples or subsamples should all be located proportionally with
the volume representation of the zones. Should three vertical strata exist, with each layer
consisting of 33% of the volume, it is best to collect three composite samples (each consisting
of seven subsamples) per layer. If a layer will be removed prior to use (e.g. the effluent is
pumped off the top of the lagoon), sampling is not required for that strata; the samples
collected should be reflective of the material to be used.

A minimum of three composite samples (each consisting of seven subsamples) is
recommended per strata for trace element determination. If the lagoon is not stratified, a
minimum of three composite samples (each consisting of seven subsamples) is recommended.
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Sampling liquid residuals

Where multiple strata exist

To adequately characterize the residual, it is recommended to sample each distinct stratum. For
example, in a lagoon where three approximately equal volume strata exist, three composite samples of
seven subsamples each would be collected per stratum.

Where one stratum exists

Three composite samples consisting of seven subsamples are recommended when sampling residuals
from a lagoon with only one stratum.

6.6 Sampling Documentation

It is important to create and retain comprehensive records when sampling. Information should
be recorded in a field notebook or on computer and duplicate copies made should the original
be lost. The following information must be recorded as sampling is performed.

e Project and schedule: date, time and location of the sampling event, field names,
access roads, latitude and longitude coordinates and location of permanent
markers.

e Site conditions: weather during and before the sampling event and site conditions.
Take photographs during sample collection and label these with identifying
information for future reference.

e Sampling protocol: location of samples collected, sample pattern, collection depth,
number of individual samples in each composite, size of individual samples,
sampling equipment and containers, and any sampling difficulties encountered.

e Sample processing: description of any processing (e.g. soil sieving) performed on
the sample.

e Storage of samples: in the field and prior to shipping to laboratory, whether duplicate
samples have been retained.



OMRR and SACoP Land Application Guidelines Page 55

e Transportation of samples to laboratory: method of transport, shipping container,
date shipped, name of laboratory.

¢ Analyses: list of analyses requested and notes on any discussions with laboratory
staff regarding the samples.

For each of the following sample matrices, additional considerations include:

¢ Residuals: information on the material being sampled including, the size of the pile
or storage tank, age of the material, visual characteristics, odour, variation observed
within the material, treatment or composting process utilized, composition of
material, presence of foreign matter, and sampling protocol.

e Soil: soil conditions at time of sampling (depth to B horizon, depth to impermeable
layer or bedrock, soil moisture, vegetation cover, surface stoniness, coarse fragment
content), depth to groundwater, and site assessment (topography and slope of site,
location of surface water features, location of houses, farms, roads, sensitive areas
etc., livestock use of site, cropping and fertilization history).

e Vegetation: description of vegetation being sampled (plant species, height, ground
cover, state of maturity, colour, density; portion of plant sampled), number of plants
sampled for each composite, height sampled and rationale for the sampling plan.

At a minimum, samples should be labeled with the date, site identification, and sampler’'s
initials or should be given a number that corresponds to a description kept with the field
records. A chain of custody form must be completed for each set of samples collected. The
form provides a method for tracking samples as they are transported to and analyzed by the
laboratory. A chain of custody form must include the program or project identification, location
of sample collection, depth, date and time of collection, and the name of the sampler. Chain of
custody forms are usually provided by the laboratory that will be performing the analyses.

6.7 Health and Safety Protocols

Health and safety protocols have three basic elements: monitoring the health of field personnel,
routine safety procedures; and, emergency procedures.

People working with residuals should be aware of the health considerations and utilize the
necessary personal protective equipment as required including, but not limited to, physical
barriers (gloves), respiratory protection (masks) and floatation devices (lifejackets). Provincial
health and safety regulations and site-specific safety requirements must be observed.
Emergency procedures must be established prior to transporting or sampling the residuals.
These procedures could include: contact information for notification in the event of a spill, and
location and contact information for emergency services.
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Handle pathogen-containing residuals as you would any animal manure. Do not ingest these
residuals or facilitate body entry. The primary method of reducing risk is limiting exposure.
Specific actions that reduce exposure include:

e washing hands with soap and warm water after work and prior to eating, drinking or
smoking;

e wearing waterproof gloves when contact is not preventable;
e keeping all cuts and wounds clean and bandaged; and,
e ensuring clothing and footwear is clean prior to leaving work.

If you come in contact with these materials, wash the area with soap and warm water. Contact
your doctor should you ingest a pathogen-containing residual or if it enters your eye(s) or an
open wound.
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7 Sampling Statistics

Sampling statistics can range in vigour from simplistic to complex. This chapter describes the
minimum statistical requirements recommended to determine compliance with the OMRR and
the SACoP. Additional information and detailed explanations are provided in Appendix 1.
Topics include sample variation, precision, bias, and number determination.

7.1 Determining Compliance for Pathogen Reduction

Under the OMRR, fecal coliform is the only monitoring parameter for which the number of
samples and the method for determining compliance are specified.

Neither the number of samples nor the method for determining compliance is specified in the
SACoP. Fecal coliform determination under the SACoP is only required for residuals from the
primary and secondary treatment of pulp and paper liquid waste if it contains domestic sewage.
Fecal coliform determination is not required for other residuals defined as “soil amendments”
under the SACoP or if pulp and paper residuals do not contain domestic sewage.

For Class A compost (not solely produced from yard waste and untreated and unprocessed
wood waste) and Class A biosolids, the fecal coliform criterion is < 1,000 MPN g'1. Seven
representative samples must be collected and the concentration of fecal coliform must be
< 1,000 MPN g™ in all seven samples.

Under the SACoP, the fecal coliform concentration is not used to determine a class of material
but rather mandate the requirement for additional management. If the concentration of fecal
coliforms is > 1,000 MPN g™ for primary and secondary pulp and paper residuals containing
domestic sewage additional management is required.

Does the compost meet Class A criteria for pathogen reduction?

Using a simple random sampling plan, seven composite and representative samples are collected from a
compost pile to determine if the compost meets the OMRR fecal coliform requirements for Class A
compost (< 1,000 MPN g'1, dw). The following results are reported:

Sample 1: 900 MPN g, dw Sample 5: 990 MPN g, dw
Sample 2: 1,100 MPN g™, dw Sample 6: 1,200 MPN g™, dw
Sample 3: 880 MPN g, dw Sample 7: 910 MPN g, dw

Sample 4: 790 MPN g, dw

This compost does not meet the Class A requirements as the fecal coliform concentration in Samples 2
and 6 exceed the OMRR criteria for Class A compost. For Class A compost the OMRR criteria must be
met in all seven samples.
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To determine if Class B biosolids or Class B compost are in compliance with the OMRR
regulations for fecal coliform, seven discrete samples must be collected and analyzed. The
data are used to calculate the geometric mean which is then compared to the OMRR criteria to
determine compliance with the regulation.

The first step in calculating the geometric mean is to calculate the product of the data. The
second step in calculating the geometric mean is to determine the 7" root (because there are
seven samples) of the product.

The method of fecal coliform sampling and analysis is not specified by the SACoP. It is
recommended that seven representative samples be collected for consistency with the OMRR
requirements for Class A biosolids and compost. To confirm the fecal coliform concentration is
< 1,000 MPN g™, in a pulp and paper residual containing domestic sewage the concentration in
all seven samples should be < 1,000 MPN g'1, dw.

If additional accuracy and confidence are required refer to Appendix 1 for detailed information
which can be used to determine the number of samples required for the desired statistical
vigour.

Do the biosolids meet Class B criteria for pathogen reduction?

Seven discrete (grab) samples were collected, using a systematic random sampling plan, as the
dewatered biosolids were being produced from the centrifuge. The following results were reported by the
laboratory:

Sample 1: 1,500,000 MPN g'1, dw Sample 5: 1,900,000 MPN g'1, dw
Sample 2: 1,600,000 MPN g™, dw Sample 6: 2,000,000 MPN g™, dw
Sample 3: 1,700,000 MPN g'1, dw Sample 7: 2,100,000 MPN g'1, dw

Sample 4: 1,800,000 MPN g™, dw

The OMRR criteria for fecal coliform in Class B biosolids is < 2,000,000 MPN g™, dw. The geometric
mean is used to determine compliance. The calculation is shown below.

Start by calculating the product. Multiply the result of each of the samples.
Product = 1,500,000 x 1,600,000 x 1,700,000 x 1,800,000 x 1,900,000 x 2,000,000 x 2,100,000
= 5.86051 x10%
Next take the 7" root of the product (the 7" root is used because there are seven samples)
=" +5.86051 x10%
=1,800,000 MPN g™, dw

As the geometric mean (1,800,000 MPN g'1) is less than the OMRR criteria (2,000,000 MPN g'1), the
residual complies with the fecal coliform requirements for Class B biosolids.
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7.2 Determining Compliance for Trace Elements

The OMRR and the SACoP do not specify the number of samples or method of determining
compliance for trace elements.

It is recommended that a minimum of three composite samples each consisting of seven
subsamples be collected per sampling event. For all residuals, the average concentration and
the upper 95% CI should be less than or equal to criteria in the OMRR and the SACoP.

The following process is recommended for each trace element to determine compliance with
the OMRR or the SACOoP criteria:

1. Calculate the average.

2. If the average is greater than the regulatory limit, the trace element is considered to
exceed the limit.

3. Ifthe average is less than the regulatory criteria, determine the 95% CI.

4. If the upper Cl is less than or equal to the regulatory criteria, the element is
considered to meet the requirements.

5. If the upper Cl is greater than the regulatory limit, the data do not comply with the
requirements for the trace element. Additional samples may result in an upper ClI
which meets the regulatory requirements. Refer to Appendix 1 for information on
estimating the number of samples required.

All the regulated trace element concentrations should be evaluated using this method.

For residuals managed under the OMRR, the class designation is assigned based on the
lowest class acceptance. If all the trace element concentrations do not exceed the Class A
criteria (i.e. the upper Cl is less than or equal to the OMRR requirements) the material would
be classified as Class A. However, if the concentration of one or more of the elements exceeds
the Class A criteria but not the Class B criteria, the material would be classified as Class B.

For a soil amendment to be considered as compliant with the SACoP Table 1 criteria, the
average concentration and upper CI for each of the 11 trace elements must not exceed the
Table 1 requirements. If a substance (trace element) present in the soil amendment fails to
meet the requirements, it cannot be applied under the SACoP.



OMRR and SACoP Land Application Guidelines Page 61

Determining compliance with the OMRR trace element criteria

Three representative biosolids samples are collected to determine compliance with the OMRR trace
element criteria. The following results are reported for mercury:

Sample 1: 4.6 ug g~ dw
Sample 2: 4.8 ug g dw
Sample 3: 8.6 ug g~ dw

The OMRR criteria for mercury is 5 ug g'1 dw for Class A biosolids and 15 ng g'1 dw for Class B
biosolids. The calculation shown below is used to determine compliance.

Step 1: Calculate the mean (average)
Mean (;) = (result sample 1 + result sample 2 + result sample 3) / number of samples (n)
=(46+48+86)/3
=6.0ug g’ dw
The average is greater than the regulatory limit of 5 pug g'1 dw for Class A biosolids.
Step 2: Calculate the variance

Variance (s°) = sum of (observation — mean)?

Number of samples — 1
= (4.6-6.0)*+(4.8-6.0)*+(8.6-6.0)°
3-1
=5.1ug g'1 dw

Step 3: Calculate the standard deviation using the variance calculated in Step 2.
Standard deviation (s) = V variance
=5.1
=23pugg” dw

Step 4: Calculate the upper ClI. Note: the t value (t45) for a 95% confidence level and 3 samples is 4.303.
Upper CI Cl=x£f —
pper =Xz -
al2 In

= 6.0 + (4.303)(2.3/3)
=6.0+5.7 nug g'1 dw
(Note: subtracting 5.7 would give the lower Cl)
=12 ug g'1 dw

Since the upper Cl is greater than the Class A OMRR Iimit of 5 but below the Class B OMRR limit of
15 ug g'1 dw, the biosolids are Class B with respect to mercury.

7.3 Determining Compliance for Foreign Matter
The OMRR and the SACoP specify the following foreign matter criteria:

e the concentration must be < 1% dw; and,
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¢ there must be no sharp foreign matter in a size and shape that can cause injury.

These criteria apply to retail-grade and managed organic matter regulated under the OMRR
and soil amendments regulated under the SACoP.

It is recommended that three composite samples, each consisting of seven subsamples be
collected and a 95% CIl used to determine compliance. The average foreign matter
concentration and the upper 95% CI should be < 1% in order to meet the OMRR and SACoP
requirements.

7.4 Determining Compliance for Nutrients, Organic Matter and C:N

The OMRR requires nutrient evaluation during the preparation of a LAP for managed organic
matter; however, no criteria are provided with respect to minimum or maximum concentrations.
Numerical nutrient criteria are provided in the OMRR for retail-grade organic matter: BGM and
Class A compost.

Three composite samples, each consisting of seven subsamples should be collected. The
sample mean and 95% CI should be calculated to determine compliance. To meet the
Schedule 11 criteria for BGM:

e the sample mean and upper 95% CI should be < 0.6% for TKN;
e the sample mean and upper 95% CI should be < 15% for organic matter; and,
e the sample mean and lower 95% CI should be > 15:1 for C:N.

The C:N is required when determining vector attraction reduction for Class A compost under
Schedule 2 of the OMRR. To determine if the C:N ratio is > 15:1 and < 35:1, it is recommended
to collect a minimum of three composite samples each consisting of seven subsamples. These
data and the upper and lower Cls will be used to determine compliance. The compost is
compliant if the lower Cl is > 15 and the upper Cl is < 35.

When completing a LAP, the SACoP requires measurement of the TKN, NH; plus NH,;*, NO3™-
N, and plant available P and K in the soil amendments to be applied. The SACoP does not
specify nutrient or organic matter concentrations as regulatory limits.
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8 Sampling and Analysis for the OMRR

The OMRR requires sampling at several stages to determine compliance. Figure 1 illustrates
the required and recommended sampling for residuals managed under the OMRR. Initial
sampling and analysis are completed to determine material quality with respect to the OMRR
criteria: Class A or B biosolids. Further sampling is completed to confirm process and quality
criteria in the production of compost and BGM. Required parameters and recommended
methods of determining compliance with the OMRR are discussed in the sections below and
summarized in Table 8 located at the end of this Chapter.
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Figure 1: OMRR Sampling Flow Chart
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8.1 Biosolids

Sampling is required to determine whether the OMRR biosolids criteria are met and to
determine the class of the material. Treated sludge may be designated as Class A or Class B
biosolids depending on the degree to which it meets pathogen reduction processes, vector
attraction reduction, pathogen reduction limits and quality criteria, as provided in the OMRR.

Schedule 5 of the OMRR requires that sample collection and analyses be completed at least
every 1,000 t dw organic matter or once per year, whichever occurs first. This is the minimum
number of samples required. Additional samples may be recommended for regulatory
compliance using the recommended CI criteria. Initially it is recommended that samples be
collected on a monthly basis to establish a database of residual quality.

To classify the material it must be analyzed for trace elements (Schedule 4 of the OMRR), fecal
coliform and foreign matter. For designation as either Class A or Class B biosolids the material
must meet all the OMRR requirements for the given class.

Additional monitoring may be required to confirm vector attraction reduction depending on the
reduction process used.

8.1.1 Trace Elements

Schedule 4 of the OMRR stipulates that Class A biosolids must meet the trace element
(substance) limits as set out for chemical fertilizers in Trade Memorandum T-4-93 (September
1997), Standards for Metals in Fertilizers and Supplements. At the time of writing, the
memorandum included the trace elements and associated limits presented in Table 8. As the
OMRR links Class A biosolids to Federal fertilizer quality standards the qualified professional is
advised to consult the Fertilizers Act to ensure the concentrations presented in Table 8 are
current.

The OMRR does not require Class A biosolids be analyzed for chromium and copper; however,
these analyses are required for the calculation of projected post-application soil trace element
concentrations in the application of Class A biosolids.

Class B biosolids must meet the 11 trace elements limits listed in Schedule 4 of the OMRR
which are identical to those for Class A biosolids except for mercury, chromium and copper.
Specifically, Class B biosolids must contain no more than 15 ug g”' mercury, 1,060 ug g
chromium and 2,200 pg g™ copper.

Managed and retail-grade organic matter are analyzed for total elemental content. The sample
should be analyzed using standard methods as outlined in the BC Environmental Laboratory
Standards Manual or equivalent. Ensure sample detection limits are requested that will
facilitate comparison with the appropriate OMRR standards and trace element predictions. For
example, if the laboratory detection limit of selenium is 3 ug g”', obtaining a result from the
laboratory stating that the concentration is less than the detection limit does not provide
sufficient information as the OMRR limit is 2 ug g™'. For trace elements such as selenium and
mercury, different analytical techniques are often required to obtain the appropriate detection
limits.
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The treated sludge complies with the OMRR requirements for Class A biosolids if the average
and upper 95% CI indicate that the concentration of each trace element does not exceed the
limits as set out for chemical fertilizers in Trade Memorandum T-4-93 (September 1997),
Standards for Metals in Fertilizers and Supplements.

The treated sludge complies with the OMRR requirements for Class B biosolids if the average
and upper 95% CI indicates that the concentration of each trace element does not exceed the
limits listed in Schedule 4 of the OMRR.

8.1.2 Pathogen Reduction - Fecal Coliform

Class A biosolids must meet pathogen limits as specified in Schedule 3 of the OMRR. The
material must contain a fecal coliform count of less than 1,000 MPN g'1 dw. To meet the Class
A pathogen designation, all seven representative samples must have a fecal coliform count of
less than 1,000 MPN g™ dw.

For Class B biosolids, the geometric mean of the seven discrete fecal coliform samples must
be less than 2,000,000 MPN g'1 dw as outlined in Schedule 3 of the OMRR.

Organic matter is analyzed for fecal coliform concentrations as an indicator of relative numbers
of general pathogens present. Fecal coliforms are the indicator of choice as they are closely
associated with fecal contamination, are relatively easy to identify and enumerate, and are
usually present in large numbers when fecal contamination is present. The method used for
enumerating fecal coliform is the multiple-tube fermentation technique or MPN technique. To
meet the requirements of the OMRR, samples of organic matter should be analyzed for fecal
coliform content measured as MPN g dw. Consult the laboratory for the sample volume
required to conduct the fecal coliform analysis. Typically, the laboratory will provide sterilized
sampling containers.

Samples should be collected at the end of the treatment process after the pathogen reduction
process has been completed to confirm that the pathogen reduction process was successful.
For example, when the alkaline stabilization method is used for pathogen reduction samples
should be collected after the required high pH period. For mechanically dewatered sludge,
samples can be collected from the centrifuge or belt press. For naturally dewatered biosolids or
liquid biosolids, samples can be collected from the drying bed or lagoon (storage area)
respectively. If the results indicate Class A fecal coliform criteria are met, the biosolids should
be re-sampled as close as possible to the time the biosolids will be used or land applied.
Alternatively if Class A quality is predicted based on previous data, a single sampling event can
be completed as close as possible to the time the biosolids will be used or land applied.

Challenges to fecal coliform determination in biosolids exist as reactivation and re-growth can
occur and false positives have been detected, resulting in incorrect or misleading data. False
positive bacteria include Klebsiella, Enterobacter and Citrobacter species (Doyle and Erikson,
2006).

8.1.3  Foreign Matter

Class A and Class B biosolids must contain < 1 % foreign matter and no sharp foreign matter
that can cause injury (Photograph 17). The size of the foreign matter sample depends on the
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amount and type of foreign matter present. The sample collected for foreign matter analysis
should represent the quality of the material produced. The amount of sample collected can be
determined based on visual observation. If the foreign matter is fairly small in size, or there is
no visible foreign matter, a smaller sample size of approximately one liter (L) should be
sufficient. Should large pieces of foreign matter be evident a larger sample size, for example a
20 L pail may be required. Three samples should be collected each consisting of seven equal
volume grab samples.

According to the recommendations for determining compliance, the sludge complies with the
OMRR requirements for Class A or Class B biosolids if the average foreign matter content and
upper 95% Cl is <1 % dw and there is no sharp foreign matter in a size or shape that can
cause injury.

Photograph 17: Foreign matter on a
residuals lagoon

SYLVIS

8.2 Biosolids Growing Medium

OMRR compliant BGM is a retail-grade biosolids product which can be distributed with no
volume restriction. Sampling of the BGM is required to determine compliance with the OMRR.

There also exist provincial guidelines for soil and amendment quality that do not relate to the
OMRR, but can affect the use of the soil products in reference to product quality. An example is
the BC Landscape Standard developed by the BC Society of Landscape Architects and the BC
Landscape and Nursery Association.

Under the OMRR, Class A or Class B biosolids that meet Class A pathogen and vector
attraction reduction requirements (as specified in the OMRR Schedules 1, 2 and 3) can be
used as a component of a BGM (refer to the OMRR Division 4 and Schedule 11).

BGM must meet the OMRR requirements of Schedule 4 (Column 2) and Schedule 11: trace
elements, foreign matter, sharp foreign matter, TKN, C:N and organic matter (Table 8).

Sampling and analysis must be completed at least every 1,000 t dw of BGM or once per year,
whichever occurs first. For due diligence and increased confidence in product quality, additional
samples are recommended. A minimum of three composite samples, each comprised of seven
subsamples, should be collected monthly or per batch, whichever occurs first. A batch of BGM
is composed of the same feedstock materials in the same ratio.
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8.2.1 Trace Elements

The biosolids used in the creation of BGM must not exceed Class B trace element
concentrations (Schedule 4 Column 3 of the OMRR). BGM itself must not exceed the
appropriate trace element limits from Column 2 of Schedule 4 of the OMRR.

The OMRR and the SACoP reference the BC Laboratory Manual for the Analysis of Water,
Wastewater, Sediment, Biological Materials and Discrete Ambient Air Samples (last amended
in 2005), which describes the Strong Acid Leachable Metals (SALM) in soil method. The SALM
method dictates that only the fraction of the sample passing through a 10 mesh (2 mm) sieve is
analyzed with the rationale that particles greater than 10 mesh are not soil. This may have
implications for fabricated soils such as BGM where wood waste is used as a feedstock
ingredient. BGM may need to be ground prior to analysis to account for the metals contained in
the wood. Contact the analytical laboratory to discuss sample preparation procedures prior to
submitting the samples.

It is recommended that BGM is compliant if the sample mean and upper 95% CI for each
element does not exceed the concentrations provided in Schedule 4, Column 2 of the OMRR.

8.2.2 Pathogen Reduction - Fecal Coliform

BGM must be derived from biosolids that meet Class A pathogen limits. Determination of the
pathogen concentration in the BGM is not required.

8.2.3 Foreign Matter

BGM must contain < 1% foreign matter and no sharp foreign matter in a size or shape that can
cause injury.

The amount of sample collected can be determined based on visual observation. If the foreign
matter is small in size, or there is no visible foreign matter, a sample size of approximately 1 L
should be sufficient. Should large pieces of foreign matter be evident a larger sample size, for
example 20 L may be required. Three samples should be collected each consisting of seven
equal volume grab samples.

BGM is compliant for foreign matter if the average foreign matter content and upper 95% Cl is
< 1% dw and it contains no sharp foreign matter in a size or shape that can cause injury.

8.2.4 Total Kjeldahl Nitrogen, Carbon to Nitrogen Ratio and Organic Matter

It is recommend that three composite samples, each consisting of seven subsamples should be
collected to determine the TKN, C:N and organic matter concentration.

The BGM complies with the OMRR requirements for TKN if the average TKN concentration
and upper 95% Cl is < 0.6% by weight (Schedule 11).

It is recommended that the C:N be reported as the ratio of total organic carbon (TOC) to
organic N (TKN — NHj5) as this ratio is more applicable to predicting environmental impact due
to the following:

e the concentration of organic C in the soil influences the rate of N immobilization;
and,
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e organic N provides an indication of the N mineralization potential.

Total organic carbon and NH; analysis may need to be requested separately as analytical
laboratories may report C:N differently. Confirm with the laboratory prior to submitting the
samples.

It is recommended that the BGM is compliant for C:N if the mean and lower 95% Cl is > 15:1.

Although loss on ignition is sometimes used as a measure of organic matter, it is not
recommended for specific matrices; if lime stabilized biosolids are used to produce the BGM
the CaCO; can decompose and be released as CO., during the ignition process leading to an
erroneously high organic matter content.

It is recommended that the BGM is compliant for organic matter if the mean concentration and
upper 95% Cl is < 15% dw (Schedule 11).

8.3 Sampling Compost

Sampling is required to determine if the compost meets the OMRR criteria for Class A or B
compost.

Schedule 5 of the OMRR stipulates that all the required analyses for Class A and Class B
compost must be carried out at intervals of at least 1,000 t dw of organic matter (compost in
this case), or once per year, whichever occurs first. This is the minimum number of samples
required.

A minimum of three composite samples (each consisting of seven subsamples) is
recommended per batch. ASP or windrow is considered a batch.

Samples collected should demonstrate that the composting process was effective and the
compost to be applied or distributed meets the OMRR criteria. It is recommended that samples
for regulatory purposes should be collected as close as possible to the time the compost is
applied or distributed (i.e. after screening, if applicable, and curing). Refer to Section 6.5 for
information on sample collection procedures. The exception is Class B compost which can be
sampled for fecal coliform determination once the pathogen reduction process is complete.

Additional sample collection may be beneficial for process monitoring.

Although not required by the OMRR, monitoring of the feedstock materials in addition to the
biosolids (as required) will allow the compost generator to design compost mixtures to meet the
OMRR requirements.

8.3.1  Pathogen Reduction - Fecal Coliform

For Class A compost the OMRR requires each of the seven samples analyzed for pathogen
determination have fecal coliform densities < 1,000 MPN g™ dw. If compost is made solely from
yard waste or untreated and unprocessed wood residuals, sampling requirements for pathogen
reduction limits do not apply.

The OMRR requires that the geometric mean of the seven samples collected for Class B
compost pathogen determination must be < 2,000,000 MPN g™ dw (Schedule 3).
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The compost is Class A if the concentration of fecal coliform in all seven samples is
< 1,000 MPN g™ dw.

The compost is Class B if the geometric mean of seven discrete samples is
< 2,000,000 MPN g™ dw.

8.3.2 Trace Elements

Class A compost must not exceed the trace element concentrations listed in Schedule 4 of the
OMRR. Allowable trace element limits are substantially lower than for Class A and B biosolids.
Biosolids used as feedstock for the production of Class A compost must not exceed the trace
element limits established for Class B biosolids (Schedule 4 of the OMRR).

Biosolids used in the production of Class B compost and Class B compost itself must be
analyzed for trace element content and must not exceed the trace element limits identified in
Column 3 of Schedule 4 of the OMRR.

It is recommended that compost is compliant with the OMRR Class A trace elements if the
upper 95% CI indicates that the concentration of each trace element does not exceed the limits
as set out in Schedule 4, Column 1 of the OMRR.

It is recommended that compost is compliant with the OMRR Class B trace elements if the
upper 95% ClI indicates that the concentration of each trace element does not exceed the limits
as set out in Schedule 4, Column 3 of the OMRR.

8.3.3  Foreign Matter

Class A and Class B compost must contain < 1% foreign matter and no sharp foreign matter in
a size or shape that can cause injury.

The amount of sample collected can be determined based on visual observation. If the foreign
matter is fairly small in size, or there is no visible foreign matter, a sample size of approximately
1 L should be sufficient. Should large pieces of foreign matter be evident a larger sample size,
for example a 20 L pail may be required. It is recommended that three composite samples be
collected, each consisting of seven equal volume grab samples.

The compost complies with the OMRR requirements for foreign matter if the mean foreign
matter content of the sample and the upper 95% Cl is < 1% (dw) and there is no sharp foreign
matter in a size or shape that can cause injury.

8.3.4 Carbon to Nitrogen Ratio
Determination of the C:N is required for Class A compost.

It is recommended that three composite samples, consisting of seven subsamples, be collected
for determination of the C:N. Samples should be collected after screening to reflect the material
that will be land applied.

It is recommended that the C:N be reported as the ratio of TOC to organic N (TKN minus NH3)
as this ratio is more applicable to predicting environmental impact due to the following:

e the concentration of organic C in the soil influences the rate of N immobilization;
and,
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¢ the organic N concentration provides an indication of the N mineralization potential.

TOC, TKN and NHj; analysis may need to be requested separately as analytical laboratories
may vary in the method of reporting C:N. Confirm with the laboratory prior to submitting the
samples.

It is recommended that the Class A compost is compliant for C:N if the lower 95% Cl is > 15:1
and the upper 95% Cl is < 35:1.
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Table 8: Summary of sampling requirements and recommendations for OMRR residuals and products

Sampling Guidance

Class A Biosolids

Class B Biosolids

Class A Compost

Class B Compost

Biosolids Growing Medium

Decision Rule
(Compliance Achieved)

(MPN g™ dw)

Parameters
Trace elements (ug g'1) Trade Memorandum?® OMRR Schedule 4 OMRR Schedule 4 OMRR Schedule 4 OMRR Schedule 4 and 11
Arsenic 75 75 13 75 13
Cadmium 20 20 3 20 1.5
Chromium Not required 1,060 100 1,060 100
Cobalt 150 150 34 150 34
Copper Not required 2,200 400 2,200 150 Sample mean and 95% UCI <
Lead 500 500 150 500 150 criteria for each trace element
Mercury 5 15 2 15 0.8
Molybdenum 20 20 5 20 5
Nickel 180 180 62 180 62
Selenium 14 14 2 14 2
Zinc 1,850 1,850 500 1,850 150
Class A biosolids and compost:
concentration in each of seven
Fecal coliform < 1,000 < 2,000,000 < 1,000 < 2,000,000 Not required samples < criteria

Class B biosolids and compost:

geometric mean of seven
samples < criteria

Foreign Matter (%)

<1 dw, no sharp foreign matter that can cause injury

Sample mean and
95% UCI < criteria

Sample mean and 95% UCI <

(%, dw)

(%, dw) Not required Not required Not required Not required <0.6 o
criteria
. . . Sample mean and 95% LCI >
C:N Not required Not required >15:1 & < 35:1 Not required > 15:1 o
criteria
Organic Matter , , ) , Sample mean and 95% UCI <
Not required Not required Not required Not required <15

criteria

Sampling Plan

Systematic random, simple
random, stratified random

Systematic random, simple
random, stratified random

Systematic random, simple
random, stratified random

Systematic random, simple
random, stratified random

Simple random

Type of Sample

Composite

Composite, seven discrete
samples for fecal coliform

Composite

Composite, seven discrete
samples for fecal coliform

Composite

Number of Samples
(minimum)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

@ Trade Memorandum T-4-93 (September 1997), Standards for Metals in Fertilizers and Supplements
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9 Sampling and Analysis for the SACoP

9.1 Introduction

Prior to land application, all residuals managed under the SACoP must be sampled and
analyzed for trace elements and foreign matter. Soil amendments cannot be applied to land if
the trace element concentration or foreign matter content exceeds the criteria provided in
Part 3 of the SACoP. Fecal coliform analysis is required only for pulp and paper residuals that
contain domestic sewage if mixed with these residuals. This chapter provides supporting
information on sampling and analysis to assess amendment quality for land application.

Fly ash and primary and secondary pulp and paper residuals must be sampled by a qualified
professional when the earlier of:

¢ 1,000 t dw of soil amendments are produced at the facility, or

e one year has passed since the facility started to produce the soil amendments or
one year has passed since the last sampling and analysis.

More frequent sampling and analysis may be required by the director. The SACoP does not
stipulate the sampling frequency, or the requirement for a qualified professional to collect
samples for waste lime or waste lime mud, WTR or wood residue. Sample collection by a
qualified professional is not a requirement for any of the residuals regulated under the OMRR.

As a minimum it is recommended that these materials be sampled at least every 1,000 t dw or
once per year. For all soil amendments, three composite samples, each consisting of seven
subsamples, should be collected per sampling event.

Additional analysis is required for amendment use under a LAP; these parameters include
moisture, TKN, plant available P and K; NH3 plus NH,"; and NO5-N. Pre-application sampling
of the receiving soil is necessary in the preparation of a LAP. Should amendment application
exceed an agronomic rate a post-application monitoring plan is also required. This plan may
include vegetation and post-application soil sampling. Sampling and analysis for a LAP are
discussed in Chapter 12.

Figure 2 illustrates the sampling requirements for residuals managed under the SACoP.
Sampling requirements for each of the soil amendments and methods of determining
compliance with the SACoP are discussed in further detail in the sections below and
summarized in Table 9.
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Figure 2: SACoP Sampling Flow Chart
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9.2 Soil Amendments

Aside from fecal coliform enumeration which must be measured in pulp and paper residuals
containing domestic sewage, the analytical parameters required by the SACoP are identical for
all the SACoP soil amendments. These parameters are summarized below.

9.21 Trace Elements

The concentration of trace elements in the soil amendments must not exceed the criteria given
in Table 1 of the SACoP and summarized in Table 9.

It is recommended that soil amendments comply with the SACoP trace elements requirements
if the mean and upper 95% CI indicates that the concentration of each element does not
exceed the limits as set out in Table 1 of the SACoP.

9.2.2 Pathogen Reduction - Fecal Coliform

Pulp and paper residuals containing domestic sewage and having a fecal coliform density of
> 1,000 MPN g™ dw are subject to additional management methods under the SACoP.

Pulp and paper residuals are analyzed for fecal coliform concentration as an indicator of
relative numbers of general pathogens present. Fecal coliform are used as they are closely
associated with fecal contamination, are relatively easy to identify and enumerate, and are
usually present in large numbers when fecal contamination is present. The method used for
enumerating fecal coliform is the multiple-tube fermentation technique or MPN technique.
Consult the laboratory for the sample volume required. Typically, the laboratory will provide
sterilized sampling containers.

Unlike the OMRR, neither the number of fecal coliform samples that should be collected nor the
method of determining compliance is specified in the SACoP. Seven representative samples
are recommended to assess the pathogen reduction through fecal coliform analysis.

Challenges with false positive results of fecal coliform contamination have been identified
including the presence of false positive bacteria in pulp and paper effluent. False positive
bacteria include Klebsiella, Enterobacter and Citrobacter species (Doyle and Erikson, 2006).

Fecal coliform concentration in SACoP residuals does not preclude use, but does necessitate
additional management requirements to ensure protection of human health and the
environment. It is recommended to avoid the additional management requirements, the fecal
coliform density should be less than 1,000 MPN g™ dw in all seven representative samples.

9.2.3 Foreign Matter - All Soil Amendments

Soil amendments must contain < 1% foreign matter and no sharp foreign matter in a size or
shape that can cause injury.

The amount of sample collected can be determined based on visual observation. If the foreign
matter is small in size, or there is no visible foreign matter, a smaller size of approximately 1 L
should be sufficient. Should large pieces of foreign matter be evident a larger sample size, for
example 20 L may be required. Three samples should be collected each consisting of seven
equal volume grab samples.
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It is recommended that the soil amendment is compliant with respect to foreign matter if the
mean and upper 95% Cl is < 1% dw and there is no sharp foreign matter in a size or shape that
can cause injury.
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Table 9: Summary of sampling requirements and recommendations for residuals regulated under the SACoP

Sampling Guidance

Fly Ash

Primary and Secondary Pulp
and Paper Residuals

Lime Residuals
(Waste Lime or Lime Mud)

WTR

Wood Residuals

Decision Rule
(Compliance Achieved)

Parameters

Trace elements (ug g™')

SACoP Table 1

SACoP Table 1

SACoP Table 1

SACoP Table 1

SACoP Table 1

Arsenic 75 75 75 75 75
Cadmium 20 20 20 20 20
Chromium 1,060 1,060 1,060 1,060 1,060
Cobalt 150 150 150 150 150
Copper 2,200 2,200 2,200 2,200 2,200
Lead 500 500 500 500 500
Mercury 5 5 5 5 5
Molybdenum 20 20 20 20 20
Nickel 180 180 180 180 180
Selenium 14 14 14 14 14
Zinc 1,850 1,850 1,850 1,850 1,850

Sample mean and 95% UCI <
criteria for each trace element

Fecal coliform
(MPN g dw)

Not required

< 1,000 (if contains domestic
sewage, otherwise not required)

Not required

Not required

Not required

Sample mean and
95% UCI < criteria

Foreign Matter (%)

<1 dw, no sharp foreign matter that can cause injury

Sample mean and
95% UCI < criteria

Systematic random, simple

Simple random, stratified

Systematic random, simple

Systematic random, simple

Systematic random, simple

coliform

Sampling Plan . o -
random random, systematic random random random random, stratified random
Composite, seven
Type of Sample Composite representative samples for fecal Composite Composite Composite -

Number of Samples
(minimum)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)

3 (each composed of seven
subsamples)
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10 Considerations for the Use of Residuals for Fertilization or Soil
Amendment

This chapter provides information on the proximal factors to consider in designing a land
application program for residuals regulated under the OMRR and the SACoP. It includes
information on the determination of application rates, on-site nutrient management, calculation
of trace element addition rates, soil quality considerations, site selection and management, and
post-application monitoring. Information specific to sampling and analysis for land application is
provided in Chapter 12. Specific information on application of residuals to agricultural,
silvicultural, and reclamation sites is included in Chapters 13, 14 and 15 respectively.

This chapter provides general information on the various residuals regulated under the OMRR
and the SACOoP. It does not provide detailed information about the potential variability in the
characteristics of each residual. Residuals are produced by many different processes and can
be variable in quality and thus in their impact on an application site. The decision to apply a
residual to land must be made with thorough knowledge of its characteristics, the
characteristics of the proposed application site and whether the application will be beneficial to
the site. The onus is on the qualified professional to remain current about residual quality and
the proposed application site to ensure that the application is beneficial to soil and vegetation
on site, while being protective of human health and the environment.

10.1 Public Information and Community Considerations

Public notification, other than the posting of signs for certain residuals, is not required by the
OMRR and or the SACoP. The general public may be not familiar with the various types of
residuals that are suitable fertilizers or soil amendments and may have questions regarding
applications on their land or on adjacent property. In order to educate, increase awareness and
minimize concerns of nearby property owners and communities, it is prudent to inform
stakeholders that an application will be occurring in an area, and to provide some background
information on the residual. For small-scale applications, it may be sufficient to notify
neighbours of when, where and how the residual is to be applied in their area, either personally
or by letter. Where large-scale, ongoing applications will be occurring, it is suggested that one
or several open houses be held to inform, answer questions, address concerns, and reassure
stakeholders that the residual will be land applied in a manner that is protective of human
health and the environment (Photograph 18). Explaining the pre-treatment of the residual, crop
harvest waiting periods and access restrictions may be useful.

If neighbours and affiliated stakeholders are not informed at the beginning of a land application
planning process, significant delays in the project can result while questions and concerns are
addressed. For ongoing residuals application programs, it is recommended that a
communications and consultation plan be developed and implemented.
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Photograph 18: Stakeholder tour held to inform
them of planned residuals applications

SYLVIS

10.2 Site Selection

The suitability of a site for residual application is influenced by several factors, including
climate, soil properties, depth to groundwater table, and topography and slope of the site.
These factors are discussed in this section, which also includes site assessment
recommendations.

10.2.1 Permitted Watersheds

Class B biosolids and Class B compost cannot be land applied in a watershed that is used as a
permitted water supply under the Safe Drinking Water Regulation, BC Reg 230/92. The SACoP
does not contain a similar prohibition.

10.2.2 Climate

Climate influences the time of year during which residuals may be applied to a particular site.
Soils in wet, coastal climates usually have a high groundwater table throughout the late fall,
winter and spring, limiting application of residuals to the dry summer period. Snow cover and/or
frozen soils limit application in the interior. Runoff during spring snowmelt is a concern more so
in the interior.

Climate will also influence site access. Wet soils and snowpack may limit access to sites on the
coast and in the interior to the dry, summer season. Seasonal watercourses or high water
levels may also influence site access.

Application limitations due to climate are discussed in Section 10.6.2.

10.2.3 Soil Properties

Soil properties can have a major influence on the suitability of a site for application of a
residual. The ease with which added water and/or nutrients can enter into (infiltration) and
move through the soil profile (permeability and internal drainage) will determine how quickly the
constituent will be absorbed and dispersed within the soil. The actual volume of soil is
important for a determination of the assimilatory capacity of the soil (how much added liquid
and nutrients the soil can accept), and knowledge of the soil's ability to hold nutrients (CEC)
within the soil profile is important in the site assessment.
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The ability of a soil to withstand the impact of heavy equipment will determine not only if the
residual application is warranted, but also the application timing. Careful consideration of soil
properties will provide the qualified professional with adequate information to make a decision
about the suitability of a site’s soil for residual application. It is the responsibility of the qualified
professional to determine the limitations of any potential sites for residual application.

10.2.3.1 Soil Infiltration

Infiltration is defined as the rate at which water or nutrients enters the soil. It is influenced by
soil texture, pore size, structure, and organic matter content.

Large pore size allows for easy entry of added water and/or nutrients through the soil surface.
An assessment of soil texture is important. Coarse-textured soils with abundant large soil pores
have a more rapid infiltration rate than fine-textured soils that have a predominance of smaller
sized pores. However, fine textured soils with good soil structure will have a component of
larger soil pores between the structured soil aggregates. Organic matter is an important
component in soil structure development, thereby enhancing soil infiltration rate.

Soils that are vegetated with perennial species usually have an abundance of roots which
create root channels and promote soil structure development. These soils often have a suitable
infiltration rate.

In soils where the surface structure has been disturbed or damaged, for example, by trafficking
under wet soil conditions, the surface pores may become clogged, resulting in a sealing of the
soil surface. This process, which is referred to as “puddling”, impairs the infiltration rate of
added water and/or nutrients through the soil surface. The creation of a surface seal increases
the potential for surface runoff and surface soil erosion. Runoff and/or surface soil erosion may
result in transport of nutrients and pollutants to surface water.

The effect of puddling is not limited to the movement of water and nutrients. Air must be able to
exchange between the soil and the atmosphere. Reductions in air exchange can result in large
anaerobic soil pockets forming, which can result in root dieback. Soils that have been “puddled”
may have limitations for residuals application unless they can be cultivated prior to the
application.

Soils with high moisture content (i.e. a high groundwater table) can also have a reduced
infiltration rate.

During a field inspection, the qualified professional should note any signs of “puddled” soails.
These soils are often found in depressional areas where deposition of finer soil particles has
occurred. Examination of the top few centimetres (cm) of a puddled soil will show a horizontal
settling pattern in the soil particles.

Any evidence of surface soil erosion should also be noted, as indicated by the presence of
water flow features such as rivulents or rills (small gullies) on the soil surface. Sites where
surface soil erosion has occurred may indicate an impaired soil infiliration rate and therefore
may have limitations for application of residuals.
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10.2.3.2 Soil Permeability and Internal Soil Drainage

Soil permeability is the rate at which water moves through the soil; internal soil drainage is the
ability of water to leave the column. Both of these soil characteristics are influenced by soil
texture, pore size, structure, homogeneity of the soil pore structure between different soil
horizons, and presence of restricting layers in the soil.

As with soil infiltrability, soil permeability and internal soil drainage are most rapid in coarse-
textured soils and well-structured, fine-textured soils that have a component of large soil pores.
Poorly structured, fine-textured soils tend to hold water within the smaller soil pores for longer
periods of time, creating anaerobic soil conditions which reduce the soil microbial population
and inhibit decomposition of any added soil organic matter. Release of nutrients is also
reduced, and losses of N through denitrification may occur. Poorly drained soils have
limitations for application of residuals.

By contrast, soils which are very rapidly pervious and drained (i.e. coarse-textured (sandy) soils
with little or no organic matter), or soils with a high coarse fragment content (common in mine
reclamation situations), may be prone to leaching losses if excess quantities of water and/or
nutrients are applied. This is of particular concern with application of high nutrient residuals
where leaching losses could lead to adverse impacts to groundwater.

Although high coarse fragment content in coarse-textured soils may increase the potential for
leaching of nutrients, moderate coarse fragment content may improve the permeability and
internal drainage of fine-textured soils. By providing pore space and preferred pathways for
movement of soil water and nutrients, some of the limitations on fine-textured soils may be
reduced.

Soils most suitable for application of high nutrient residuals are those with a medium texture
with moderate to good permeability and internal soil drainage, or those with an adequate
component of soil organic matter. Coarse-textured soils with a high component of organic
matter have a higher capacity to hold added water and nutrients; well structured, fine-textured
soils, particularly those with a moderate component of coarse fragments will have better soil
permeability and drainage, and have less limitation for application of high nutrient residuals.
Coarse textured soils can benefit from the addition of high organic matter residuals.

Application of residuals on soils that have permeability and internal soil drainage limitations
may be possible under certain management conditions which may include application during
the dry, summer season, or the use of dried or composted residuals rather than those with a
higher moisture content.

Soils with permeability or drainage limitations may also have fewer limitations if the site is
vegetated by perennial grasses and/or shrubs. The ability of plants to take up excess water and
nutrients at the appropriate time of year may reduce certain site limitations.

The presence of restricting layers within a soil profile will reduce both the perviousness and
internal drainage of a soil. Discontinuities in soil texture may temporarily impede water and
nutrient flow through the soil profile. An example of a restricting layer is the presence of a
poorly structured and slowly draining clay loam horizon underlying a well structured silty clay
loam soil. Water will tend to accumulate in the upper silty clay loam horizon while it flows more
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slowly through the lower clay loam horizon. If surface runoff or soil erosion is a concern,
application of liquid residuals should be restricted.

Soils which contain a “plough-layer”, found in many agricultural soils where frequent trafficking
by heavy agricultural machinery creates a compacted layer approximately 20 cm below the soil
surface, will also have impeded soil permeability and internal soil drainage. Depending upon
the degree of compaction, impedance of water flow by this plough-layer may again be
temporary; however, the presence of this layer must also be considered in the assessment for
site suitability.

More serious impedances to soil drainage occur with the presence of cemented layers. Soils
with cemented layers are often not suitable for crop production, and may be found in grassland
or forested soils. The cementing agents vary depending upon soil texture and site conditions;
however, the cemented layers are usually quite impermeable to water and/or nutrient flow.
Additions of excess water can lead to an accumulation of water and excess nutrients in the soil
layers above the impermeable layer. This could potentially lead to surface runoff, surface soil
erosion or subsurface leaching losses.

Depending upon the proximity of the proposed application to surface water, application of a
liquid residual may be acceptable on sites where soils have restricted or cemented layers.
Special management considerations would be required and may include application during a
certain time period (i.e. dry, summer season) or the use of dried or composted residuals rather
than liquid residuals.

Compaction of soils will reduce permeability and internal soil drainage. Fine-textured soils,
particularly those with poor soil structure, are most prone to compaction. Compaction usually
occurs when heavy equipment is operated under wet soil conditions, resulting in destruction of
the soil structure and a reduction in the soil pore size (i.e. the larger soil pores between the soil
aggregates are crushed). A reduction of these larger pores will inhibit water, oxygen, and
nutrient flow through the soil. Depending upon the soil moisture conditions, this destruction of
soil structure may lead to the creation of anaerobic soil conditions, and reduced microbial
activity and decomposition of added soil organic matter.

Compacted soils will have limitations for application of liquid residuals, unless the soil can
feasibly be decompacted by cultivation or with the use of excavators as in forest soils.

The possible occurrence of restricting or cemented layers in a particular soil type may be
determined through soil survey or surficial geology reports, or by examination of the soil where
it has been exposed in ditches, dugouts, or in other excavations. However, prior to examining
the soils in these locales, it is best to refresh the soil face (i.e. remove materials that may have
sloughed down from above) in order to obtain the best view of the soil profile. Soils tend to
ravel down slope and colours change with exposure to the atmosphere.

The best approach for assessing soils on a particular site is to excavate one or more soil pits in
each different soil type. A soil pit excavated to a depth of 100 cm will assist the qualified
professional in determining soil characteristics which cannot otherwise be determined by
evaluation of the soil surface.
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Excavation of soil pits will allow the qualified professional to gain information about the soil
texture, structure, the presence or absence of any restricted or cemented layers, and the
inferred internal drainage of the soil. During the process of excavation of a pit, the qualified
professional will soon note any presence of restricting or compacted layers.

Soil drainage may be inferred by soil color. Dull gray or bluish colors in subsurface soil horizons
indicate reduced or anaerobic (poorly drained) soil conditions, usually resulting from permanent
water saturation. Soils with these dull coloured horizons are referred to as “gleyed” soils, and
will have limitations for application of liquid residuals.

Soils with evidence of bright orange or red blotches (“mottles”) in the subsurface soil horizons
indicate conditions of periodic inundation (i.e. a seasonally high water table). The lower
horizons of these soils are commonly dry during the summer months. Therefore, soils with
mottling in the subsurface horizons will have limitations for liquid residuals application during
the time of year when the groundwater table is high. However, application during the dry
summer period may be acceptable. In this scenario, an alternative to the use of residuals with a
high moisture content would be the use of solid or composted residuals.

Although compaction of soils is more often a result of mismanagement than an inherent soil
property, the occurrence of compacted soils should be considered in the soil assessment since
it has implications for the application of liquid residuals. Evidence of soil compaction may be
found where there are signs of rutting or crushing of the soil surface, or where areas of the saoil
surface have been disturbed, such as during logging. Examination of the surface soil horizons
will indicate a crushing of the soil structure, and a reduction in the soil pore space.

10.2.3.3 Soil Depth and Volume

Soil depth will influence the ability of the soil to accept an applied volume of liquid residual, and
the ease with which the liquid is either dispersed or stored within the soil profile. Soils that are
deep and relatively permeable will have a greater capacity to hold and disperse added water,
soil nutrients, and potential contaminants. Soils that are shallow to bedrock or compacted
parent materials, those with impermeable layers within the soil profile, or those with high coarse
fragment content will have less soil volume available for uptake of applied water and nutrients.
The potential exists in these shallow or volume-limited soils for surface runoff, surface soil
erosion, and/or subsurface leaching losses to occur.

The application of a solid or composted residual may be more appropriate for these sites than
the use of a liquid residual. Although shallow soils have limited volume, they are often sites that
would benefit from an application of a residual.

Soil volume is determined by depth to bedrock and impermeable layers, including cemented
layers and compacted soil parent materials. It does not, however, include depth to restrictive
layers such as plough-pans or textural discontinuities.

During the field assessment, the qualified professional should observe the proximity of the soil
surface to either bedrock or compacted soil parent materials such as glacial till. Examination of
the subsurface soil layers in ditches or soil pits will provide the qualified professional with
information about soil depth.
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A determination of coarse fragment content is also important. A high coarse fragment content
will limit the available soil volume; a moderate coarse fragment content in fine textured soils
may improve soil permeability and drainage. For information on determining coarse fragment
content of soil, refer to Luttmerding et al (1990).

The qualified professional should be aware that shallow soils have less capacity to accept and
disperse added water and excess soil nutrients than deep, permeable soils.

10.2.3.4 Capacity of the Soil to Hold Excess Nutrients

The capacity of a soil to hold excess available soil nutrients is dependent upon the clay and
organic matter component in the soil (CEC). Coarse textured (sandy) soils with low organic
matter content have little ability to hold soil nutrients; clay textured soils or soils with high
organic matter content have a greater ability to retain nutrients within the soil profile.

Soils with high organic matter content also have a greater ability to bind trace elements.
Organic matter tends to form complexes with these elements, preventing them from becoming
available or mobile in the soil.

A determination of the soil texture, either by hand-texturing or through the collection of a
composite sample and laboratory analysis, will provide the qualified professional with
information about the clay component of the soil.

Soil organic matter content can usually be discerned by the color of the soil. Soils with surface
horizons which are either dark brown or black in color usually have relatively high organic
matter content. Soils that are light brown, grey, or yellow in color are usually lacking in soil
organic matter.

However, in soils where dark colors extend down through the soil profile, and where these dark
layers are underlain by soil horizons which are dull grey or bluish in color, the soil may be
poorly drained. The groundwater table may also be situated within one meter of the soil
surface. These poorly drained soils have limitations for application of liquid residuals.

10.2.3.5 Trafficability

The ability of a soil to withstand the ground pressure and weight of heavy equipment (i.e. soil
strength) will influence the timing for a residual application.

Soil texture, structure and soil water content are the primary factors influencing soil trafficability.
Soils which are coarse (sandy) textured, with a medium to low soil water content will have the
greatest soil strength. Poorly structured, fine-textured soils with a moderate to high soil water
content generally have the lowest soil strength, and are the most susceptible to soil
compaction. Fine-textured soils with a strong soil structure will have moderate soil strength
providing the soil water content is not too high.

Assessment of soil texture, structure, and soil water content is crucial in determining soil
strength and trafficability. Timing of application will be limited to the dry, summer period for fine-
textured soils, particularly those with a high soil moisture content. Coarse-textured soils may
have more flexibility for timing of application, depending upon the component of finer soil
particles, and the soil water content.
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A determination of soil texture through hand-texturing or laboratory analysis will provide the
qualified professional with information about the proportion of sand, silt and clay in the soil (Soil
Classification Working Group, 1998).

Examination of the soil profile will allow the qualified professional to obtain information about
soil structure and depth to the groundwater table. Good soil structure is identified by the
presence of soil “aggregates” or “peds” with an abundance of larger soil pores between these
aggregates. The presence of soil fauna or earthworms will also indicate soil organic matter
content and soil structure development.

10.2.3.6 Other Soil Considerations

Areas of the BC Interior have alkaline soils which are identified by a white deposit on the soil
surface. The evaporation of soil moisture from a shallow water table brings soluble salts to the
surface; these are left as a white precipitate as the water evaporates. These alkaline soils are
usually very poorly drained and are in general unsuitable for application of residuals because of
limitations for crop growth.

10.2.4 Depth to Groundwater

The OMRR states that biosolids or biosolids compost with Class B pathogen concentrations
must not be applied to land where the groundwater table is within 1 meter of the soil surface at
the time of application. The SACoP requires that pulp and paper residuals containing domestic
sewage adhere to the same requirement. For many areas of the province, this will restrict the
application of these residuals to the dry summer season. Coastal areas often have elevated
groundwater tables beginning in late fall, and continuing until late spring. Areas of the interior
may be less restricted in the late fall unless frost or snowfall provides a limitation. However,
many soils of the interior are fine-textured and hold moisture within the soil profile for longer
periods of time.

During field assessments of the soil, the qualified professional should obtain information about
the level of the groundwater table. This may be ascertained by water level in ditches, or by
excavation of soil pits to the 1 m depth. A periodic high water table can also be inferred by soil
color. Dull gray or bluish colors in subsurface soil horizons indicate reduced or anaerobic
(poorly drained) soil conditions, usually resulting from permanent water saturation. Soils with
evidence of bright orange or red blotches (“mottles”) in the subsurface soil horizons indicate
conditions of periodic inundation (i.e. a seasonally high water table).

10.2.5 Slope, Aspect and Topography

Sites which are sloping or which have variation in topography pose limitations for application of
residuals. Sloping land increases the potential for surface runoff, surface soil erosion, and
subsurface leaching losses, which could lead to adverse surface or groundwater impacts.

Certain soil properties may reduce the risk of surface or groundwater pollution on sloping sites.
Soils with moderate to rapid infiltrability, permeability, and internal soil drainage, such as
coarse-textured or well structured medium textured soils will readily absorb added water and
soil nutrients, reducing the risk for surface runoff or soil erosion. By contrast, soils which have
been puddled or compacted present a greater risk where they are situated on sloping sites.
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Impaired permeability from restricting layers may also result in increased potential for surface
runoff or subsurface leaching losses on sloping sites. The accumulation of excess soil water
may result in oversaturation of the soil above the restricting layer. The excess water may then
be prone to surface runoff and/or subsurface leaching losses.

As discussed previously, deep, permeable soils have the potential to absorb and disperse a
large amount of added water and soil nutrients without a great risk of groundwater pollution.
This generally also applies to deep soils located on sloping sites. However, shallow soils with
impermeable subsurface soil layers or those with high coarse fragment content are at greater
risk of leaching losses and possible groundwater contamination when they are situated on
sloping sites. Where oversaturation of the shallow soil volume occurs, the risk increases for this
excess water to flow down slope on the soil surface or subsurface along the impermeable
layer. This overland subsurface water could potentially lead to pollution of surface and/or
groundwater.

Slope configuration is an important factor in the assessment of sloping sites. Sites with irregular
topography and slope breaks over relatively short distances are less of a concern than sites
where the slopes are long and uniform. Sites that slope directly toward bodies of surface water
are also a concern. Any surface runoff following a residual application could potentially cause
pollution of the water body.

Aspect is an important component of runoff. The potential for runoff from south facing slopes is
high during spring snow melt in areas where snowfall accumulation occurs.

Residuals may be applied to sloping sites provided that any potential for overland flow, surface
soil erosion, and subsurface leaching loss is minimal. Generally sites with broken and irregular
topography are more suitable than sites where the slopes are long and uniform. Avoid sites
which slope directly towards surface bodies of water, and select sites where the soils have
good infiltration, permeability, and internal soil drainage, such as coarse to medium textured
soils. Sites that are vegetated, particularly with perennial grasses and shrubs, have reduced
potential for overland flow, and an increased ability to utilize water and nutrients soon after
residuals application.

The potential for surface runoff and subsurface leaching loss increases with increasing slope
angle and length. Runoff potential is higher from south and west aspect slopes during spring
snow melt. The qualified professional must carefully assess site slope and topography, soil
texture and permeability, aspect and climate and make a professional judgment of site
suitability based on these factors. Where residuals are to be applied to a slope, it may be
appropriate to increase the buffer distance from surface water to reduce the potential for runoff
to enter the watercourse.

10.2.6 Potentially Sensitive Sites

Active floodplains and riparian areas are sensitive sites due to the potential for these sites to
flood or to have elevated groundwater tables. As such, they have limitations for application of
residuals. The exception might be higher terraces where the potential for flooding is low and
the site is supporting species such as poplar which have a high nutrient and water requirement.
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These alluvial sites are often very productive, and any vegetation occupying the site would
efficiently utilize any water and nutrients provided by residual applications.

Other sites that might be considered to be sensitive are those most prone to compaction. Fine-
textured soils are most easily compacted, depending upon the structure of the soil and the soil
water content. Timing of application is the most important consideration on these sites.

Sites that contain threatened or endangered species are also considered to be sensitive sites.
Habitat and land use issues should be considered in site evaluations where appropriate.

10.3 Nutrient Management — General Information

In the application of residuals for fertilization value, the concentration of plant macro and micro
nutrients in the soil and in the residual should be considered. The quality, form and availability
of nutrients in the residual and soil are determinants in application rate calculations.

10.3.1 Nitrogen

Nitrogen is one of the most important nutrients for plant growth. It is usually the rate-limiting
nutrient in plant systems; it is the soil nutrient required in the largest amount by most vegetation
and typically in shortest supply in soil. Most native soils contain only small amounts of plant-
available N. Crop requirements for N and other nutrients beyond that provided by the soil are
met by the addition of chemical fertilizers or organic amendments. Residuals including
biosolids, secondary pulp and paper residuals and some composts are an excellent source of
fertilizer N.

10.3.1.1 Soil Nitrogen Forms

Nitrogen in the soil exists as a result of the special ability of a small group of bacteria to “fix”
atmospheric N, and transform it into organic and inorganic N. The largest pool of soil N is
organic, consisting mainly of C-based compounds such as proteins that are not available to
plants until soil microbes degrade and convert them to inorganic forms of N. The main
inorganic or mineral forms of N in soil are NOs” and NH,"; these are plant-available when the
residual is applied.

The soil’'s microbial population is constantly transforming the N pool in the soil. Microbes
decompose soil organic matter (including plant residues and organic amendments) and in the
process convert organic N to inorganic N (in the form of NH,4"), a process called mineralization.
Nitrification is the process whereby another population of microbes converts NH;" to NOj3".
These two processes produce most of the pool of plant-available N in the soil.

Under various conditions, additional transformations and losses of N can occur. Immobilization
is the reverse process of mineralization and occurs when the microbial population converts
inorganic forms of N to organic N. This process occurs when a N deficient site is fertilized; the
soil microbes consume the added N, depleting the soil supply for a period of time. On
adequately fertilized sites, immobilization following fertilization will not normally occur. However,
on forested sites, agricultural sites with an inadequate supply of N, or on a site where high C
organic amendments have recently been added, N immobilization is likely to occur.
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Leaching of NO3™ can occur when heavy rains saturate the soil, and water moves down and
through the soil profile, as occurs in coastal areas of BC during late fall and winter. Nitrate is
soluble in the soil solution and moves readily with soil water. If N in excess of vegetation
requirements is applied to a site in areas of high rainfall, heavy rains can mobilize NO3™ not
assimilated by vegetation and soil organisms down through the soil beyond the root zone, and
potentially into groundwater sources. Excess NOj3 leaching below the root zone is an indication
of an excess application rate of high N residuals. In drier areas of BC, annual precipitation is
low such that NO3™ leaching does not generally occur except on agricultural sites that are over-
irrigated. Normal irrigation will move NO3; down in the soil profile but not beyond the vegetation
rooting depth. The leaching of NO3;™ does not occur alone. As a negatively charged ion, NO3
can bond with a positively charged ion, often K. This process is called cation stripping. It can
concurrently move cations out of the rooting zone and down through the solum.

Under anaerobic conditions in the soil and provided there is a C source, certain bacteria will
reduce NOj™ to nitrogen gas (N.) which is emitted to the atmosphere. This process is called
denitrification and can result in the loss of significant amounts of N from a soil. Depending on
conditions, denitrification can also lead to the emission of nitrous oxide (N.O), a potent
greenhouse gas.

10.3.1.2 Forms of Nitrogen in Residuals

Biosolids contain N in several forms. As in soil, the largest pool is organic N, consisting of
proteins and amino acids which are rapidly degraded in the soil, and more resistant N
compounds which decompose very slowly and become part of the soil’s pool of organic matter.
Biosolids also contain some inorganic N as NO3’, NH,;" and NHs;. On average, anaerobically
digested biosolids contain 20% of their total N as NH,*, and less than 1% as NO5". Once in the
soil, the NH;" and NH; move freely from one form to the other depending on soil pH. At neutral
pH, the proportion of NH,* to NH5 is 100:1. The NH; fraction is volatile. If biosolids are surface
applied without incorporation, much of the NH;*/NH; can be lost to the air in a process called
volatilization.

The inorganic N in biosolids is available for plant uptake in the year of biosolids application. As
well, a predictable amount of the organic N pool will be mineralized during the year of
application and the first several years after biosolids application. The fraction that becomes
available in years 2 and 3 following application is known as the residual N.

The amount of N in stabilized compost is significantly lower than in biosolids, and typically
almost all is in the organic form with a small component cycling between mineral forms (NH;
and NOjy’) and organic forms.

Nitrogen in secondary and combined pulp and paper residuals is largely in the organic form,
with less than 10% existing in inorganic forms when the residuals are produced. The quantity
and forms of N are dependant upon the process and relative proportions of primary to
secondary residuals as a blend.

Other than primary and secondary pulp residuals, SACoP regulated residuals contain very little
N; these include WTR, fly ash, waste lime and lime mud and wood residues.
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10.3.2 Phosphorus
10.3.2.1 Soil Phosphorus Forms

Phosphorus exists in the soil in both organic and inorganic forms and is found bound to many
different compounds within the soil. Phosphorus is present in the soil solution as dissolved P
and bound to or within soil particles as particulate P.

Dissolved P, the P that is found in the soil solution, is defined as the fraction smaller than 45
micrometers. Both organic and inorganic forms of dissolved P are present in the soil solution;
this is the fraction vegetation assimilates. The typical assimilation form of P is orthophosphate
which is part of the dissolved inorganic fraction. Orthophosphate (ortho-P) is found in two forms
in the soil, primary and secondary; the amounts of each of these two forms of orthophosphate
are in equilibrium in the soil. When the soil pH is lower than 7.2, primary orthophosphate
(H2PO4) is more abundant. Secondary orthophosphate (HPO,) dominates when pH is higher
than 7.2. Primary orthophosphate is taken up by plants much more readily than the secondary
form.

Particulate P is defined as the fraction of soil P that is larger than 45 micrometers in size. This
fraction is found as mineral P (complexed with other minerals), adsorbed to soil material and
within organic matter. There is wide variability within this fraction of P as to the binding strength
within or to soil particles. That P that is easily dissolved into the soil solution is termed labile-P
while the more recalcitrant P is termed non-labile and is very resistant to degradation. The
labile-P fraction is the fraction that replenishes the soil solution P as plant assimilation occurs,
while the non-labile fraction is slowly degraded over time. Organic non-labile-P is mineralized
slowly over time by microbes in a process similar to the mineralization of organic N.

Phosphorus added to soil in chemical fertilizer or residuals can become tightly bound or fixed to
soil particles and become part of the non-labile fraction of soil P. Significant research is focused
on determining the factors controlling P transformations.

Laboratory analysis of soil for plant-available P typically quantifies all of the ortho-P and a
portion of the labile-P in the sample.

Phosphorus is normally very tightly bound and immobile in the soil and thus does not have the
same potential to leach as N. Phosphorus can move by overland flow; runoff from an
application site or erosion of soil containing a high concentration of P into surface water can
lead to the degradation of surface water quality. Phosphorus can also move with soil water
through soil macropores, cracks and worm holes into tile drains and ditches that drain into
surface water sources. Higher soil concentrations of plant-available P are strongly correlated
with the amount of P in tile drain water or eroded soil.

10.3.2.2 Forms of Phosphorus in Residuals

The forms and availability of P in biosolids is understood in greater detail than for other
residuals. Because information on other residuals is incomplete, it is recommended that each
residual be analyzed for total and plant-available P, and this information used to estimate the P
availability and soil additions at a given application rate.
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Phosphorus is found in biosolids in both organic and inorganic forms. The proportions of each
vary with wastewater characteristics and the biosolids treatment process. Phosphorus in
biosolids is present primarily in the particulate fraction. Inorganic P is relatively insoluble and
therefore poorly available for plant uptake.

Approximately 40% of biosolids P will be plant-available in the year of application unless
ferrous chloride or alum has been used in the treatment plant, in which case availability of P will
be reduced. Analysis of the biosolids for plant-available P will give an indication of the
availability of P in the year of application. The Quebec MoE (Hebert, 2004) suggests using the
following equation to estimate P availability from biosolids in the year of application:

% available P = 70 — (Aliptal + 0.5 Fetoa (Mg kg'1) —20,000)/2000

When biosolids are applied to meet the N requirement of the vegetation on site, P in excess of
vegetation requirements is typically applied. After several applications of biosolids or other
organic amendment, the soil concentration of plant-available P can increase beyond the
concentration considered adequate for plant growth.

10.3.3 Other Nutrients and Soil Quality Parameters
10.3.3.1 Potassium

Biosolids, when applied to meet vegetation N requirements, contain insufficient K to meet most
vegetation requirements. If the application site has received regular nutrient additions as
fertilizer or manure, the soil may have adequate K and this will address any short-term K
deficiencies in the soil. If the soil concentration is inadequate supplemental K fertilizer may be
required.

Fly ash contains a substantial amount of K and when applied to make a pH adjustment to a
site, may over supply the soil. The qualified professional should exercise care in applying fly
ash on forage production sites with an elevated background soil concentration of K.

Potassium concentrations in compost and residuals regulated under the SACoP vary
depending on the feedstock used in the process; laboratory analysis is recommended to
determine existing concentrations and to predict the K concentration in the soil after residual
application.

10.3.3.2 Sulphur

Soil in much of the Southern Interior and Central BC is deficient in S. As a result, trees, forages
and other crops grown in these areas are commonly deficient in S. Sulphur deficiencies can
lead to reduced yield or crop failure, depending on the severity of the deficiency. Sulphur is
required for normal growth and development of all vegetation and is normally added as part of
a blended fertilizer when fertilizing agricultural land throughout these areas of the province.
Most residuals contain a significant amount of S and can help to correct a soil deficiency of this
nutrient. Laboratory analysis is recommended to assess the concentration in the residual and
to predict soil status after residual application.
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10.3.3.3 Copper

Copper is naturally deficient in soil throughout much of Central and Southern Interior of BC.
This soil deficiency produces copper-deficient forages that do not provide the minimum
required copper concentration for normal growth and development of ruminant animals.
Normally, cattle are fed copper-containing trace mineral supplements to supplement shortages
in the feed. The supplement provides the required 10 ppm of copper in the diet.

Most BC biosolids contain a significant amount of copper, ranging from 500 to 2,000 ppm.
When used as a fertilizer for forage crops, biosolids can eliminate forage deficiencies of this
mineral. Cattle fed biosolids-amended forages can safely be fed a copper-containing mineral
supplement; the combination of higher forage copper plus the mineral mix copper is typically
below their safe upper limit for copper intake (100 ppm in the total ration).

Sheep are much more susceptible to copper toxicity than cattle; chronic toxicity can be induced
if sheep are fed forage containing as little as 15 ppm copper for an extended period of time. If
biosolids or other residuals containing high concentrations of copper (> 1,500 ppm) are applied
to pasture or forage crops that are to be fed to sheep, the copper content of the forage should
be monitored, particularly in the year of application. Monitoring is particularly important if such
residuals are applied to sites that are already well supplied with copper.

The other residuals regulated by the OMRR and the SACoP do not contain copper at the
relatively high concentrations found in biosolids; livestock health is unlikely to be affected with
applications of other residuals.

10.3.3.4 Boron

Boron is an essential plant micronutrient that is found at fairly high concentrations in fly ash.
Boron has a narrow range in the soil between deficiency and toxicity to vegetation; a
background soil concentration of 1 ppm is required for normal growth of most vegetation. At 3
ppm toxicity to sensitive vegetation can occur.

Boron deficiencies are common in the Interior of BC and can lead to crop growth reduction.
Many residuals contain sufficient B to eliminate deficiencies on low B sites but not sufficient to
over supply the soil.

Applications of wood fly ash to raise pH 1 or 2 pH units can add a substantial amount of B to
the site, depending on the B concentration of the wood ash. It is recommended that proposed
receiving sites be assessed for B concentration (measured as hot water soluble B) before
residual application and that wood ash be used cautiously on sites with a high background
concentration of B or where B-sensitive vegetation is to be grown.

10.3.3.5 Sodium and Sodium Adsorption Ratio

Many of the residuals regulated by the OMRR and the SACoP contain substantial amounts of
sodium relative to their concentrations of the major soil cations, Ca and Mg. If these residuals
are applied at high rates or repeatedly to a site, the ratio of sodium can increase in the soil
relative to Ca and Mg which can lead to deterioration of soil structure. On sites that have an
elevated sodium concentration or high sodium adsorption ratio, high sodium residuals should
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be used with caution. Soil sodium should be monitored on receiving sites to ensure that it does
not increase to a level of concern.

10.3.3.6 Conductivity and pH

OMRR requires that the pH and conductivity (an estimate of salinity) of biosolids and compost
and of the receiving site be assessed. The SACoP requires measurement of the pH and
conductivity of the soil amendments and the receiving site.

Neither regulation prescribes limits for these parameters in amendments or on application sites.
It is the responsibility of the qualified professional to ensure that the pH and conductivity of
proposed application sites are within the acceptable range for the vegetation to be grown on
the site, and that application of the residual will not result in impairment of site productivity.

Typically soil pH can be modified, thus pH is not a reason to exclude a site. In some cases an
application of biosolids or compost can help to increase and buffer a low pH soil. High
conductivity on a site should be assessed and considered as it can indicate over-application of
organic amendments in the past or other soil salinity problems. Crop failure is a serious
concern on very high electrical conductivity (EC) sites unless a salt tolerant crop is chosen.

Biosolids, biosolids compost as well as pulp and paper residuals typically have a relatively high
salt content. If applied at agronomic rates they are unlikely to elevate soil salinity. Non-
agronomic application rates of these amendments, particularly on dryland sites where rainfall or
irrigation are insufficient to move salts down through the soil, can lead to increased soil salinity.

10.4 Application Rate Determination

Both the OMRR and the SACoP require that regulated residuals are land applied to provide a
defendable benefit to soil and vegetation on-site while minimizing the potential for adverse
environmental impacts. Information on how the application rate was determined must be
contained in the LAP. Determining the appropriate application rate of a residual for the selected
site is one of the most important steps in developing a land application program. If the selected
application rate exceeds the annual crop nutrient or soil conditioning requirement for the site,
the LAP must contain requirements for monitoring soil and vegetation quality changes as a
result of the application. The LAP can also include requirements to monitor surface or
groundwater quality.

The types of residuals regulated by the OMRR and the SACoP vary considerably in their
characteristics and use as fertilizers and soil amendments. In general, high nutrient residuals
are applied as a fertilizer to meet the nutrient requirements of the vegetation on site, liming
materials are applied to adjust pH on site to the desired level, and low nutrient, high organic
matter residuals are applied to increase soil organic matter content and improve soil physical
properties. This section discusses the characteristics of each residual as a determining factor in
the appropriate use of the residual and the rate at which it should be applied. For more
information on the individual residual characteristics refer to relevant sections of Chapter 5.

High nutrient residuals typically include biosolids, secondary pulp and paper residuals, some
combined pulp and paper residuals and certain types of compost. These residuals are normally
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land applied as a fertilizer source with the intent of meeting vegetation requirements for one or
more nutrients. As N is normally the rate-limiting nutrient for crop growth, and is the nutrient
that is most likely to cause environmental damage if over-applied, application of these residuals
is typically based on providing the crop’s N requirement for a single growing season. On most
sites, a N based application rate is appropriate.

Under certain circumstances the application rate of a high nutrient residual can be based on a
multi-year N requirement. This is discussed in the applicable sections of Chapters 10, 11 and
12.

On sensitive sites that have an elevated soil concentration of plant-available P due to repeated
long-term application of manure or other organic amendments, it is suggested that a P-based
application rate be considered when land-applying nutrient-rich residuals.

Water treatment residuals are classified as high nutrient residuals because most WTRs contain
a significant amount of P and moderate amounts of other nutrients. However, because WTRs
also contain P-binding alum and ferric chloride, special considerations are necessary for their
application. Some types of WTR contain a high concentration of Ca; these residuals may have
use as alternative liming materials if their pH and acid neutralizing value are acceptable.
Section 10.4.3 contains information on alternative liming materials.

Liming materials include waste lime, waste lime mud and fly ash. These residuals are normally
land-applied to sites that have an acidic soil reaction and require liming to elevate the pH into
the target range for the vegetation. Information on developing application rates for these
residuals is found in section 10.4.3. Fly ash can also be considered a fertilizing residual
because of its high nutrient content.

High C:N, low nutrient residuals include several of the residuals regulated by the OMRR and
the SACoP which do not fall into the three broad categories above (e.g. some compost,
industrial residues of wood, primary pulp and paper residuals and some combined pulp and
paper residuals). Their preferred end use is to increase soil organic matter or to be used as
surface mulch depending on the objectives of the land application program. These residuals
can be mixed with high nutrient residuals to modify the C:N and create a soil amendment
composed of two types of residuals. Section 10.4.2 provides information on developing
application rates for these residuals. Compost application rates can be determined on a
nutrient basis or on other decision criteria depending on the objective (e.g. increasing soil
organic matter or providing a surface mulch). Depending on the feedstock from which they are
made, compost can be either nutrient-rich fertilizing materials or high C:N soil amending
residuals.

10.4.1 High Nutrient Residuals
10.4.1.1 Nitrogen Based Application Rates

Most applications of the high nutrient residuals regulated by the OMRR and the SACoP
(biosolids, secondary and combined pulp and paper residuals and some high nutrient compost)
should be N-based, balancing the N requirement of the target vegetation with the amount of N
available from the residual. Compost and combined pulp and paper residuals with a C:N of less
than 20:1 should be considered high nutrient residuals and applied at an agronomic N rate.
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Lime-stabilized biosolids should be managed both on their nutrient content and on their liming
value. Section 10.4.3 provides a discussion of application rates based on liming value. WTR
should be land applied based on their P concentration and the characteristics of the site unless
they are high Ca WTR in which case they may be used as an alternative liming material or
used in combination with other residuals. Sections 10.4.1.2 and 10.4.3 provide information on
application rates of these residuals.

When determining a N based application rate, the objective is to meet the vegetation's
requirement for N for the growing season in which the residual is land-applied. This is termed
the agronomic application rate, and is most applicable to agricultural applications but can also
be relevant to forestland fertilization and some reclamation applications. At this application rate,
the vegetation is expected to utilize most of the applied N, leaving minimal residual N in the soil
after the growing season. Minimal residual NO3-N reduces the potential for N movement into
groundwater or surface water.

To calculate an agronomic application rate based on N, the following four factors must be
considered:

Agronomic N Requirement for Target Vegetation

The agronomic rate of N is the amount of N required by the target crop to achieve its
expected growth and yield during the cropping season. Nitrogen requirements of
crops can be found in fertilizer and crop production guidebooks. Soil data can also
be used to estimate crop N requirements, although in high precipitation areas of BC,
soil N is often a poor predictor of available N.

The Amount of N Available From the Residual

Most residuals contain N in both inorganic and organic forms. All of the inorganic N
in the residual will be available for crop growth in the year of application (less any
volatilization, leaching or immobilization). A portion of the organic fraction will
mineralize in the year of application. The sum of the inorganic fraction plus the
mineralized organic N is the amount of N that will be available to the crop in the year
of application.

Cowley et al. (1999) conducted a study to evaluate N mineralization rates from
different organic residuals. They concluded that N mineralization rate was positively
correlated with initial organic N and increased as the stability of the residual
decreased (i.e. increased decomposition rate). As such, manures were observed to
have the highest mineralization rate, followed by biosolids and composts.

Table 10 lists estimated first year organic N mineralization rates for fresh biosolids.
Between 10 and 40% of the organic N will mineralize in the year of application,
depending primarily on climate and growing season moisture. First year
mineralization rates do not differ significantly between aerobic and anaerobic
biosolids, or between biosolids that have been dewatered, air-dried or heat-dried.
Lagoon stored or composted biosolids mineralize significantly less N than fresh
biosolids, on average 10% of the organic N in the year of application. Mineralization
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of N from lime-stabilized biosolids is typically at the high end of the range provided in
Table 10. Typically a further 10% of the organic N will mineralize in the year following
application and 5% in year 3. The remaining organic N will become part of the soil
organic matter.

Nitrogen mineralization rates from pulp and paper residuals have been investigated,
although less information is available for these residuals than for biosolids. Wang et
al. (2003) conducted an incubation study comparing N mineralization rates in
biosolids and pulp and paper residuals. Over a 26 week incubation period, they
measured N mineralization rates of 15%. In comparison, the maximum N
mineralization rate in biosolids was 32%. Mineralization rates in pulp and paper
residuals may be comparatively lower than in biosolids because lignin and
polyphenol in the pulp and paper residuals may inhibit N mineralization. Also, as pulp
and paper residuals (i.e. primary and combined) generally has a higher C:N, a net
immobilization of N may occur as soil microbes assimilate mineral N from their
environment for energy and growth (Janssen, 1996).

Table 10: Estimated first year biosolids nitrogen mineralization rates for BC
environments

Mineralization rate
Location (% of initial organic
N)

South Coastal region — irrigated or dryland 20-40
Southern Interior — dryland 20-30
Southern Interior — irrigated 20-40
Central Interior and Peace — dryland 10-20
Central Interior and Peace — irrigated 20-30

Note: these values apply to anaerobic and aerobically-digested biosolids,
in liquid, dewatered, or dried form. Composted or lagoon stored biosolids
will mineralize 10% of organic N in the year of application; mineralization
rate of N from lime-stabilized biosolids will be at the high end of the above
ranges.

The Loss of N from Residual before Vegetation Uptake

A significant amount of the NHj; in residuals can be lost during land application
depending on the type of site (e.g. forest vs. agricultural), the application method
used (surface applied vs. incorporated), whether the residual is liquid or dewatered,
and the temperature and wind speed following application. Losses are greatest from
residuals surface-applied to agricultural land and not incorporated, ranging from 40
to 80%. Losses in agricultural systems can be minimized by injecting the residual or
incorporating with tillage within 2 days of application. Losses in traditional forested
sites tend to be low (5-25%) due to minimal solar radiation and wind at soil level, and
low pH of the forest floor. Losses in reclamation applications can be high (80-90%).
Application rates must be adjusted to account for the loss of NH; during application.
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A loss of NH3; is a loss of N to the plants and soil; incorporation to conserve NH; is
recommended where possible.

Up to 100 kg N ha” can be immobilized on susceptible sites following residual
application (see Section 10.3.1 for further discussion). Forested sites, recently
cleared sites with a high C:N and low fertility agricultural sites may experience
immobilization of N. On such sites, the application rate must be increased to account
for the temporary immobilization of N. Appropriate sections of Chapters 13 and 14
discuss N immobilization in more detail. A small amount of the immobilized N will
become available in subsequent years, but this will not significantly affect future N
availability.

Nitrogen Available to the Target Vegetation from Other Sources

Nitrogen available to the target from other sources must be considered in the
application rate determination. If the site has received regular nutrient additions in
previous years, soil residual N will provide a portion of the vegetation’s requirement.
A cover crop or green manure crop that will be tilled into the site prior to residual
application will contribute N during the growing season. Extra fertilizer N must also
be considered. The application rate must be reduced to account for these extra
sources of N.

For some crops, providing all of the crop’s N requirements through the residual
application may not be a good management objective. Some crops may require
more plant-available N early in the growing season than the residual can provide. A
small application of N fertilizer in the early season can supply the required plant
available N.

All of these factors must be considered when determining the appropriate application rate. The
application rate is site-specific; more detailed information on calculating application rates
incorporating these factors is provided in Chapters 13, 14 and 15.

10.4.1.2 Phosphorus-Based Application Rates

Phosphorus-based application rates are not common in residuals management but there are
scenarios where they are appropriate: when the proposed application site has an elevated soil
P concentration and is considered sensitive; and, in the land application of high P WTR. Site-
specific P based application rates are discussed below. Water treatment residuals are
discussed at the end of this section.

On sensitive sites with an elevated soil concentration of plant-available P, it is suggested that a
P-based application rate be considered. Many jurisdictions in North America and Europe have
instituted or are moving towards P-based application rates of manure and organic residuals on
sensitive sites with elevated soil P.

Sensitive sites are those which are located in an area of the province with sensitive fresh water
systems such as the Shuswap-Okanagan region. Other factors which deem a site ‘sensitive’
include whether the site slopes towards a water course where surface runoff or erosion might
occur, or whether the site is tile-drained such that drainage water containing P could move into
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ditches and into surface water. Sites that have a plant-available P concentration of greater than
80 mg kg™ of soil (dry basis; Bray P1 analysis) should be considered to have elevated soil P;
on such sites the management goal should be to apply only as much P as the crop can utilize.
An application rate based on supplying the P requirement will normally reduce the typical
application of the residual by at least 50%. Sites receiving a P-based application of residuals
may require supplemental N fertilization.

When calculating an application rate based on P, it is necessary to understand the
concentration of plant-available P in the soil. Normally, the Kelowna extract or Bray P1
analytical method should be used. If the laboratory test indicates that the site’s plant-available
P is high or very high, or if the soil concentration is greater than 80 mg kg™ of soil, the soil is
oversupplied. The anticipated crop uptake of P is also required. Most agricultural crops require
in the range of 20 to 60 kg of P per hectare (ha) in a given growing season. The concentration
of P in the residual to be applied is required. The application rate should be based on the
amount of plant-available P in the managed organic matter. Section 10.3.2.2 provides
information on calculating the amount of plant-available P in the residual.

Most drinking WTR contain a relatively low concentration of conventional fertilizer nutrients but
also have a very low C:N and a low pH, thus they should be land applied based on nutrient
content and availability of nutrients. They contain a relatively low concentration of N and usually
a relatively high concentration of total P of which all but a very small fraction is tightly bound to
the alum and ferric chloride added during water treatment. Alum and ferric chloride WTRs
typically have a low pH, in the range of pH 5 to 6 while high Ca WTRs have a higher pH, in the
range of pH 7 to 9. Alum and ferric chloride WTRs can have an acidifying effect on the soil pH
of an application site; sites with a neutral or higher pH should be chosen for application of these
residuals. If the WTR application rate is excessive, a large portion of soil P can be bound and
made unavailable by excess alum and ferric chloride after land application, inducing a P
deficiency in the soil.

Water treatment residuals have been used experimentally to bind excess P in high P soils
where there is concern about runoff or erosion of P-containing soil into surface water. It has
been demonstrated that the application of WTR binds excess soil P and reduces the amount of
P moving into water sources although as yet there is insufficient information available to
recommend an application rate. There are unanswered questions about long term soil fertility
and other issues. Similarly, biosolids and WTR have been blended experimentally to bind the P
in the biosolids and reduce addition of available P through biosolids application, and mitigate
odour generation in biosolids treatment.

High Ca WTR may be considered alternative liming materials if the pH and acid neutralizing
value are sufficiently high to raise soil pH without oversupplying other constituents. Section
10.4.3 provides additional information on land application of alternative liming materials.

10.4.2 Application Rates of High C:N Residuals

The following high C:N residuals are regulated by the OMRR and the SACoP, provided that
they meet the trace element limits found in Schedule 4 of the OMRR or Table 1 of the SACoP
and other applicable limits:
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e wood waste (industrial residue of wood that has not been treated with glue, paint, a
preservative or another substance harmful to humans, animals or plants);

e primary and combined pulp and paper residuals (residuals from primary and
secondary treatment of liquid waste produced after 1995 from a pulp or paper mill
and domestic sewage if mixed with those residual solids); and,

e biosolids and other compost with a high C:N (higher than 20:1).

High C:N residuals are considered soil conditioners rather than sources of nutrients, and as
such are used to increase soil organic matter content and to improve soil physical
characteristics such as water holding capacity, structure and nutrient holding capacity.
Application rates of soil conditioners are typically higher than rates of high nutrient residuals.
However, application rates must be set with an agronomic objective such as a defined
improvement in soil properties, and with knowledge of the amounts of C and nutrients that are
being applied to the soil in the residual.

Wood wastes typically have a high C:N (> 100:1) and will be land applied as a soil conditioner.
Because they are typically very low in all nutrients, the receiving site may require fertilization to
avoid nutrient deficiencies in soil and on-site vegetation.

Primary pulp and paper residuals have a high C:N (111-478:1), being composed primarily of
waste wood fibre. The application rate is based upon use as a soil conditioner. Combined pulp
and paper residuals typically have a C:N of 28-32:1. The C:N of combined residuals can vary
and must be assessed before application to determine the appropriate application rate based
on nutrient content or as a source of soil organic matter.

Pulp and paper residuals can also contain a substantial amount of sodium and have an
elevated conductivity. The application rate should consider the sodium concentration of the
residuals and receiving soil, and conductivity of each. On sites with elevated conductivity or
sodium, application rates should not exacerbate site conditions.

Pulp and paper mill residuals typically have low concentrations of trace elements.

Paper recycling residuals are typically a high C:N residual resulting from primary treatment at
recycling paper mills.

Compost can have varying C:N, depending on the feedstocks used in their production.
Typically they are within the ‘high C:N’ range (greater than 30:1) and should be land applied
based on their soil conditioning properties and on their nutrient content. Compost should be
assessed before application to land; if the C:N is less than 20:1, the compost should be land
applied as a nutrient source. If the C:N is greater than 30:1, the compost can be land applied
as a soil conditioner to increase soil organic matter. Compost can also contain a high
concentration of salts which can impact growth of vegetation on site; the application rate may
need to be reduced if salts are a concern. Compost contains trace elements; these must be
assessed in the compost and in receiving soil before application and may limit application of
the compost.
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10.4.2.1 Managing High C:N Residuals

There are several factors to consider in the use of high C:N residuals. These include:

C:N;

concentration of available N in the residual;

available K and P concentration in the soil;

conductivity of the residual and the soil;

vegetation establishment;

proportion of rapidly degradable and slowly degradable C;
contribution to the organic matter content of the soil;

trace elements and other contaminants; and,

application depth and incorporation.

C:N

Residuals with a C:N above 20:1 are generally considered soil conditioners rather
than nutrient sources. However, residuals with an intermediate C:N of 20-50:1
contain a significant amount of nutrients relative to their C content and should be
land applied based on meeting a soil conditioning goal with consideration to the
amount of available nutrients in the residual, particularly N. Care should be taken to
avoid an excess application of nutrients, particularly N. For residuals with a high C:N
(greater than 50:1), application rates can be based solely on meeting a soll
conditioning objective.

Concentration of available N in residual

Residuals vary in concentration of organic and inorganic (available) N. The amount
of available N in the residual is the sum of NH;" plus NH; and NOs'. If a residual has
a low N concentration, it will provide a minor amount of N to growing vegetation.
There will be a low potential for excess soil N after vegetation growth ceases in fall.

Available P and K in the soil

If the receiving soil contains elevated concentrations of P and K, care should be
taken to ensure that the amounts of these nutrients applied in a soil amendment do
not exacerbate the concentration.

Conductivity of the residual and the soil

Compost and high C:N residuals can have a high conductivity due to the salt content
of the feedstock. At high application rates ensure that soil conductivity will not
increase to a level that adversely impacts vegetation growth.

Page 104
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Vegetation establishment

Sites that receive an application of a high C:N material alone will be N deficient for a
period of time following application as the soil microorganisms immobilize most
available N in the process of digesting the available C. If vegetation is to be
established on the site immediately following application, establishment may be
delayed and yields may be reduced unless a source of N is provided.

Proportion of rapidly degradable and slowly degradable C

Carbon compounds vary in the rate at which they degrade in the soil. Highly lignified
C compounds such as are found in woody materials degrade very slowly in the soil
while non-lignified C (e.g. straw, green wastes) degrade rapidly. The decomposition
rate of high lignified materials will increase if particle size is reduced, increasing
surface area for utilization by microorganisms. Composts contain almost no rapidly
decomposable C; it is consumed during the composting process. Decomposition of C
and release of N from composted materials will be slow as compared to non-
composted raw materials.

Contribution to the organic matter content of the soil

Materials with a large proportion of slowly degradable C will contribute a larger
proportion to the soil organic matter than materials with mostly rapidly degradable C.
One year after application, approximately 30% of the C from most highly degradable
residuals will remain in the soil to contribute to the pool of soil organic matter; the
remainder is lost as CO, during decomposition. By comparison, 50 to 70% of C from
woody, lignified residuals may remain after one year in the soil. When the goal is to
increase the organic matter content of the soil, the application rate should be based
on the target organic matter remaining in the soil after one year of decomposition.

Trace elements and other contaminants

Application of trace elements in the residual must be monitored as per the
requirements in the OMRR and the SACoP. At very high application rates of a sail
conditioner, trace element content may be a limiting factor.

Application depth and incorporation

The maximum acceptable depth of soil conditioning material is dependent upon
several factors. These factors include: the ease with which the material can be tilled
in to the soil, the degree of alteration of the physical soil characteristics and the
degree to which the application alters the soil temperature (surface applications).
The acceptable depth will be dependent also on the texture, particle size and
moisture content of the residual applied, and the proportion of rapidly to slowly
degradable C. A general rule for soil conditioning materials to be incorporated is to
limit the depth of application to that which can be turned under by available tillage
equipment. A depth of 5-15 cm of material is acceptable. For surface applications,
the applied material should not insulate the soil surface such that soil warming is
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inhibited, nor should it reduce aeration of the soil which may lead to soil sealing,
reduced oxygen exchange and adverse impacts on soil biota and vegetation.

If the amendment volume cannot be applied at one time, it should be applied in
several applications or ‘lifts’ with sufficient time between applications to allow
decomposition of a portion of the organic matter. This time period will depend
primarily on the material’s particle size and proportion of rapidly degradable C, and
on the availability of sufficient nutrients in the soil to encourage decomposition by
microbes. It will vary from several months to years. Residuals with a large particle
size and a small proportion of rapidly degradable C applied to a site with low fertility
will decompose slowly. Reapplication of residuals may only be possible after one
year or more. On a fertile site, material with a small particle size and a large
proportion of rapidly degradable C, such as chopped straw, will decompose very
rapidly, enabling reapplication within a few months.

10.4.2.2 Application Rate Determination for High C:N Residuals

Factors discussed previously are used to determine the upper limit for application rate of a soil
amendment. For example, the upper limit may be determined by the nutrient content of the soil
or of the proposed amendment, or the concentration of a single trace element. Several other
factors require consideration. The volume of soil amendment applied should not significantly
alter soil temperature. This is of particular concern with surface applied amendments. The
application rate of soil amendment must not adversely alter the seedbed such that seed
germination is impaired.

In consideration of these factors, the maximum application rate should be based on the optimal
soil organic matter content. One approach for determining the optimal organic matter content of
a soil is to assess the organic matter content of a reference native soil or a productive
agricultural soil on a similar site nearby. The final organic matter content of the amended soil
should not exceed that of the reference soil by more than 50%. Larger increases in soil organic
matter content may lead to crop growth reduction and soil nutrient imbalances. To substantially
increase the organic matter concentration in a soil, applications should be completed in several
lifts over more than one growing season, or through the combined application of low and high
C:N residuals.

The preferred method for determining an application rate of a high C:N residual is to increase
the soil organic matter to a predetermined optimal concentration.

In the following example, an application rate for sawdust (C:N = 442:1) as a soil conditioner is
calculated. With this high C:N, the maximum application rate is not based on the nutrient
content of the residual but rather on increasing the soil organic matter content to 4% from the
current 2%. In determining the application rate, the residual volume required to increase the
organic matter content is based on a 50% loss of C in the year of application. The final
application rate of material is high and will require application in several lifts. Due to microbial
immobilization of N, the site will be severely deficient in N for several years following
amendment unless supplementary N is added. The calculation steps are shown on the
following page.
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Description

Calculation

Result

1. Determine the organic
matter contribution from
the residual one year after
application, assuming that
50% will be lost during the
first year.

2. Determine the existing soil
organic matter content in
the top 15 cm of the soil.

3. Estimate bulk density
based on soil texture.

4. Use soil volume in plough
layer or top 15 cm (0.15
m) of soil.

5. Convert soil OM from
percent to t ha™.

6. Calculate the organic
matter required to increase
soil organic matter to
desired concentration (dry
basis).

7. Calculate the application
rate of sawdust required
on ‘as-is’ basis

Predicted organic matter
contribution from sawdust: 900
kg tonne ()" x 50% loss in year

1=450kg t"

Soil organic matter content =
2% (from laboratory data) or
0.02 kg per kg soil

Soil bulk density = 1,500 kg m™
(estimated based on soil
texture)

Soil volume = 1,500 m*ha”
(10,000 m* ha™ x 0.15 m)

0.02 kg organic matter per 1 kg

soil x 1,500 kg soil m® x 1,500

m™ soil ha™ = 45,000 kg ha™ or

45tha’ organic matter in the
solil

Desired organic matter content
= 4% or 0.04 kg per kg of soll

Double soil organic matter
content (to increase
concentration from 2 to 4%):
add 45 tha™ organic matter

45 t of organic matter required,
each t of sawdust contributes
450 kg of organic matter to soil.

Sawdust DM = 40%

450 kg per t organic matter
from sawdust

45tha” — existing soil
organic matter content

45tha” — organic matter
required to achieve desired
final soil organic matter
content

100 dt of sawdust per ha
(dry basis)
250 t of sawdust required
per ha on as-is basis

10.4.2.3 Combining Low and High C:N Residuals

Combining a low and high C:N residual can mitigate some of the challenges encountered with
using high C:N residuals. High C residuals provide organic matter to the soil but insufficient
nutrients to support a crop on site. High nutrient residuals are applied to land in relatively low
amounts to avoid supplying the soil with excess nutrients. Combining the two types of residuals
provides the soil with a large application of organic matter without concurrent nutrient
deficiencies. For example, biosolids (C:N approximately 10:1) could be combined with primary
pulp and paper residuals (C:N >70:1). The application rate of the combined residuals is
determined based on achieving a target organic matter and C:N in the amended soil. To
determine the application rate, the qualified professional employs a series of simultaneous
equations using the C, N, organic matter, bulk density and other characteristics of the high
nutrient and high C:N residuals.
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10.4.3 Application Rates of Liming Materials

The following liming materials are regulated by the OMRR and the SACoP (provided that they
meet the trace element limits found in Schedule 4 of the OMRR or Table 1 of the SACoP and
other applicable limits):

waste lime and waste lime mud;

o fly ash derived from the burning of wood, other than wood that has been immersed
in marine waters;

¢ lime-stabilized biosolids; and,

e high Ca WTR (if pH and acid neutralizing value are sufficient to be an effective
liming agent).

All of these residuals typically have a very high pH and are therefore effective alternative liming
materials. They can be used to replace lime on sites that require liming to raise the soil pH.
Refer to Chapter 5 for information on the characteristics of these residuals.

Application rates of liming materials are normally calculated with the objective of a pH
adjustment. Sites should have a demonstrated requirement for liming and typically have a pH
below 6.5 (for most agricultural soils), unless it can be demonstrated that a site with a neutral or
basic pH requires liming to meet the pH requirement of the vegetation.

The application rate of the residual is based on the lime requirement of the site and the acid
neutralizing equivalency (or value) of the residual. The acid neutralizing value of the residual, or
calcium carbonate equivalent (CCE), is a measure of how effectively the residual can neutralize
acidity in the soil relative to pure CaCQOj. Calcium carbonate is the standard liming material and
has a reference CCE of 100%. Residuals (such as lime stabilized biosolids, fly ash) that can be
used as a lime substitute typically have acid neutralizing values ranging from 55 to 100%.

The following example demonstrates a fly ash application rate calculation to raise soil pH from
5.0 to 6.5:

1. Determine the lime requirement for the receiving site (in t ha” of pure CaCOs).
Request the determination of lime requirements for the receiving site when
laboratory analyzes a soil sample for pH (normally completed by agricultural labs,
based on adjusting pH up to 6.5). The qualified professional should confirm with the
laboratory the lime requirement soil pH endpoint.

2. Determine the acid neutralizing value (or %CCE) and moisture content of the
residual. Request %CCE and moisture content on a sample of residual that is to be
land applied.

3. Calculate the application rate by adjusting the lime requirement for the %CCE and
the moisture content of the residual, in t ha™.

4. For liming residuals that contain nutrients (fly ash, lime-stabilized biosolids) ensure
that the proposed application rate does not provide excess nutrients.
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5. Ensure that post-application soil trace element concentration will not exceed
applicable regulatory limits.

Description Calculation
1. Determine lime requirement of Background pH of proposed receiving site: 5.0
receiving site desired final pH of receiving site: 6.5

lime requirement (to raise pH to 6.5): 3t ha™ of
pure CaCOj; (from laboratory report)

2. Acid neutralizing value or % CCE %CCE = 55% (from laboratory data)
of fly ash Moisture content = 40% (from laboratory data)

3. Calculate amount of ash required | 3t ha™ of CaC04/55% CCE = 5.5 dts per ha of
to adjust pH (t ha™, dry basis) fly ash

4. Convert to ‘as-is’ t ha™ 5.5 dt ha/60% dry matter in ash = 9.2 ‘as-is’ t

of fly ash per ha.

5. At proposed application rate, See Section 10.5 for information on predicting
assess predicted soll post-application trace element soil
concentrations of nutrients and concentration.

trace elements to ensure none
will be in excess following
application; if so, reduce
application rate.

Lime-based residuals (e.g. waste lime and lime mud) typically have an acid neutralizing value
similar to pure CaCOj;. They may also contain significant concentrations of nutrients, in
particular P. Care should be taken when determining an application rate of these residuals that
the soil does not become overloaded with P or other nutrients.

Fly ash typically has an acid neutralizing value (or %CCE) of 55 to 65%, but can be higher
depending on the degree of combustion. Fly ash also contains a substantial amount of
nutrients except N, and typically has high concentrations of K, Mg, S, sodium, B and zinc. Itis
an excellent fertilizer provided that these nutrients are limiting in the soil. As there is little N in
the fly ash, supplemental N is typically required.

Lime-stabilized biosolids are biosolids to which lime has been added to raise the pH to a
minimum of 12 as a pathogen destruction process. Lime stabilization is one of the pathogen
destruction processes in OMRR to produce Class A biosolids. The resulting residual is typically
a high nutrient material with a pH of 12. This residual should be land applied as a high nutrient
residual, based on meeting the crop’s agronomic N or P requirement (see Section 10.4.1
above). However, the application will raise the pH of the soil so the selected site should be
amenable to a pH increase. The best use for this type of residual is on a site that requires
liming and is nutrient deficient. Determine the application rate on both a nutrient and a lime
basis.

High Ca WTR are generated when lime is added as a softener to drinking water. The residual
consists mainly of CaCQOs3, and is a useful liming material. The residual should be assessed for
pH and acid neutralizing value and for concentrations of other nutrients. If the pH and acid
neutralizing value are only moderately high, the application rate required to raise the pH to the
desired level may be such that the soil is oversupplied with other nutrients such as P.
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10.5 Managing Trace Elements

10.5.1 Residual Trace Element Limits

Both the OMRR and the SACoP require that the same 11 trace elements (referred to as
substances) be monitored in the residuals, and in the receiving soil. These trace elements are:
arsenic, cadmium, chromium, copper, cobalt, lead, mercury, molybdenum, nickel, selenium and
zinc. Concentration limits for these trace elements in residuals, provided in Schedule 4 of the
OMRR and Table 1 of the SACoP, are reproduced here in Table 8 and Table 9. If the
concentration of any of the 11 trace elements in the residual exceeds the allowable limits as
specified in the OMRR or the SACoP, the residual cannot be land applied except through the
MoE permit and approval process. Chapters 8 and 9 provide information on residual and soil
sampling.

10.5.2 Soil Background Trace Element Assessment

The background soil concentration of the same 11 trace elements must be determined by soil
sampling at each planned residual application site prior to application. These data, coupled with
the trace element data for the residual, are used to predict the post-application soil trace
element concentrations. The sections below provide information on site suitability based upon
soil trace element concentrations.

For residuals regulated under the OMRR, Schedules 9 and 10 of the OMRR outline maximum
allowable soil trace element concentrations for various site uses following the application of
managed organic matter. Schedule 9 contains generic soil standards for cobalt, molybdenum,
nickel and selenium on agricultural, urban park, residential, commercial and industrial land.
Schedule 10 contains matrix soil standards for arsenic, cadmium, chromium, copper, lead,
mercury and zinc on the same five types of application site. Schedule 10 incorporates several
site-specific factors related to human health and environmental protection that represent
expected exposure pathways. Therefore, in determining the soil standard for trace elements,
the final land use and the most limiting exposure pathway applicable to the site are considered.
For OMRR-regulated residuals, soil trace element data is assessed to ensure that none of the
11 regulated trace elements exceeds allowable soil maximum concentrations provided in
Schedules 9 and 10 of the OMRR. In cases where a trace element in the soil of the proposed
application area exceeds the applicable soil standard, the qualified professional may elect to
determine site-specific standards based on Protocol 2 of the CSR, as allowed by the OMRR.
However, at the time of writing, this provision has never been employed. Sites where one or
more soil trace element concentrations exceed the OMRR soil standards are typically managed
under an approval or permit from the MoE.

Application sites typically have soil trace element concentrations below the OMRR limits. It is
recommended that application of residuals not occur on sites where any one of the trace
element concentrations is within 75% of the appropriate soil concentration for the land use. It is
also recommended that application of a residual not increase the soil concentration of any of
the 11 trace elements beyond 75% of the appropriate soil standard. This margin is
recommended to allow for variability in on-site application of residual, in sampling and in lab
analysis.
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For residuals regulated under the SACoP, soil amendments must not be applied to an
application site in such a manner or amount as to create or exacerbate a contaminated site.
Under the SACoP, a site which has a soil concentration of one or more trace elements that
exceed the CSR standard can be used for residual application provided that the application of
that residual does not increase the soil concentration of those trace elements.

10.5.3 Residual Sampling Requirements

All residuals regulated under the OMRR are required to be routinely sampled and analyzed for
the required trace elements, nutrients and other quality parameters; Chapter 8 contains
sampling information.

Of the residuals regulated under the SACoP, only fly ash and pulp and paper residuals must be
routinely sample for the required trace elements, nutrients and quality parameters. Sampling of
these residuals must be completed by a qualified professional. The other residuals (WTR,
wood residues, lime-based residuals) do not require routine sampling and analysis. However,
all residuals that are to be land applied under a LAP require sampling and analysis for the
required parameters prior to application; analytical data must be included in the LAP. Chapter 9
provides more information on sampling and analytical requirements related to the SACoP.

10.5.4 Estimated Post-application Soil Trace Element Concentrations

For application of all residuals regulated under the OMRR and the SACoP where a LAP is
required (all applications of Class B biosolids and compost, and all applications of Class A
biosolids and SACoP soil amendments in excess of 5 m> of residual), prior to land application,
the post-application soil concentration of all 11 identified trace elements must be estimated to
ensure that final trace element concentrations do not exceed allowable soil limits. To predict
post-application soil concentrations the following data are required: the application rate of
residual, soil bulk density and both the soil and residual pre-application trace element data.
Refer to Chapter 12 for soil sampling and analysis procedures.

The generator often has current trace element data for the residual. If this information is not
available, is dated, or there is concern over the consistency of the product, samples of the
material to be land applied should be collected and analyzed (Chapter 8 and 9 provide
protocols for sampling and analysis). Recall that for fly ash and pulp and paper residuals
regulated under the SACoP a qualified professional is required to collect the samples.
Residuals can be complex materials to analyze, and sample preparation as well as analytical
procedures will significantly impact data quality. It is prudent to discuss sample preparation and
analysis methodology with the laboratory, and to ensure that the lab has obtained the
appropriate accreditation to perform the analyses. It is recommended that the qualified
professional validate residuals quality data provided by the generator through independent
sampling.

The steps in calculating trace element additions from the residual are outlined below with
copper is used as an example. The sample LAPs included in Appendix 2 contain complete sets
of trace element data.

Soil bulk density (dw per volume of soil, usually expressed as kg m™) is required for calculating
final soil trace element concentrations. The bulk density of BC soils ranges from 1,000 to 2,000
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kg m™; coarse textured (sandy) soils normally have a bulk density in the lower half of the range
while fine-textured soils (i.e. more clay) are in the middle of the range. Compacted, fine-
textured soils can have a bulk density as high as 2,000 kg m™. Bulk density can also be
obtained from the receiving soil conducted in the laboratory. For an accurate bulk density
determination, the sample must be collected using the proper sampling technique. Refer to a
soil sampling and analysis reference text for more information.

The bulk density should be obtained from the depth of soil into which the residual is to be
incorporated. Depth of incorporation will affect final trace element concentrations in the
amended soil.

Data required for trace element addition rate determination for application of biosolids to
agricultural land:

Biosolids copper content: 650 ppm or mg kg™
Biosolids application rate: 10 dry t ha™ or 10,000 kg ha™
Bulk density of furrow slice (top 0-15 cm of soil): 1,300 kg m™ of soil
Background soil copper concentration: 32 mg kg™’
Step 1. Convert biosolids trace element data from ppm (mg kg™) to kg ha™ to be applied.
650 mg kg™ copper x 10,000 kg ha™ (appl. rate) = 6.5 kg ha™ from biosolids
Step 2. Convert background soil trace element data from soil ppm to kg ha™.
Calculate volume and weight of top 15 cm of soil per ha (1 ha furrow slice)
Volume = 0.15 m x 10,000 m? = 1,500 m®ha™" furrow slice
Weight = 1500 m*ha™" x 1,300 kg m™ = 1.95 x 10° kg ha™
Convert soil copper from ppm to kg ha™

32 mg kg'x (1.95 x 10° kg ha™') = 62.4 x 10° mg ha™" or 62.4 kg ha™ background soil copper
concentration (shortcut method: multiply 32 x 1.95)

Step 3. Add biosolids copper to the soil background copper concentration.
6.5 + 62.4 = 68.9 kg ha™ total soil copper post-application
Step 4. Convert kg ha™ soil copper back to concentration (ppm) basis.
68.9 kg ha™ / 1.95 = 36 ppm or mg kg™

The post-application soil concentration of copper is estimated to be 36 ppm. This value is then
compared with the OMRR soil matrix table for copper (Schedule 10) to ensure that the final
concentration does not exceed the allowable maximum, which in this application, for
agricultural soils is 150 ppm (for residuals regulated under the SACoP, refer to the appropriate
CSR Schedule as discussed above).

This calculation is repeated for all 11 trace elements. If any projected trace element
concentration exceed allowable limits, the application rate must be reduced or application at
the site should not be conducted. Some sites, as a result of previous management or natural
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trace element concentration of the soil, may have high background concentrations of certain
trace elements. Pre-application soil testing and estimation of post-application soil trace element
concentrations will identify these sites.

The sample calculation assumes that there is no significant change in the bulk density of the
soil following application. For some applications the bulk density will change; however, with
agronomic application rates the change is usually not significant.

The calculation of estimated soil trace element concentrations uses a series of assumptions
about the depth of incorporation into the soil, soil bulk density and cumulative trace element
additions. The qualified professional should recognize these assumptions and use accurate
values in calculating these estimates. Should any of the trace element estimates approach the
concentrations as defined in the regulations, it is suggested that post-application sampling be
conducted. It is recommended that estimated post-application trace element concentrations
remain below 75% of the appropriate regulatory limit. This is reviewed in Section 10.5.2.

10.6 Site Management

Site management of residuals includes: restrictions on unincorporated applications; climate and
season of application; buffers from roads, dwellings and water sources; signage and access
restrictions; land use criteria; and on-site storage of residuals.

10.6.1 Unincorporated (Surface) Applications of Residuals

Residuals are either surface applied or incorporated, depending on the site and application
objective. The OMRR restricts the surface application of biosolids and biosolids-compost
containing fecal coliform where limited or no treatment for vector attraction reduction has been
completed at the WWTP. The OMRR requires that Class B biosolids and compost meet
pathogen reduction processes in Schedule 1 and vector attraction reduction processes in
Schedule 2 to be of a quality acceptable for surface application. If the biosolids or compost
does not meet these criteria, they are to be incorporated by tillage or the biosolids injected at
the application site unless it can be demonstrated by the qualified professional in the LAP that
a surface application will be protective of human health.

The SACoP does not restrict surface applications but requires that a LAP for fecal coliform-
containing residuals provide information regarding on-site management practices specific to
pathogen management. This LAP requires a discussion of management methods or processes
to reduce or prevent the transmission of pathogens by vectors.

10.6.2 Climate and Season of Application

Timing of application is critical to ensuring that the residual does not cause pollution from
leachate or runoff into surface water or groundwater. BC can be divided into three general
climatic types that mandate different seasonal application strategies. This section discusses
these climatic differences and how they affect residuals application; Chapters 13, 14 and 15
contain detailed information on specific seasonal requirements.
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10.6.2.1 Lower Fraser Valley and Southern Vancouver Island

In South Coastal BC, the preferred seasons for residual applications are spring and summer
(April through August). Residuals can be applied to bare land that will be seeded or to existing
vegetation that is actively growing and can benefit from the nutrients or soil conditioning
properties provided by the residual.

Application of residuals between November and March is typically not recommended. Annual
rainfall is high and can be intense during this period. During this time, plant growth typically is
slow and only small amounts of nutrients are required by plants. The potential for leaching of
residual soil NOj3™ into groundwater is high during this time. As well there is danger of flooding in
low lying areas which can lead to surface runoff. Heavy precipitation events can result in
surface runoff on sloping areas. In addition, soils are typically saturated, limiting access to
equipment associated with residuals application.

Special consideration is required for fall applications on agricultural sites (September and
October). If high nutrient residuals are applied to bare land without vegetation, there is greater
potential for NO3™ leaching once fall rains begin. The exception is residuals applications to
forested sites. On sites that have actively growing vegetation, the vegetation will utilize added
nutrients, but as plant growth slows, residual NO3™ leaching and surface runoff can occur. Fall
and winter (September through March) applications of residuals in these areas of BC should be
limited to low application rates on well-drained sites with well-established vegetation that can
immediately use the nutrients available from the application.

10.6.2.2 Northern, Central and Southern Interior of BC

In the Northern, Central and Southern Interior of BC, the preferred seasons for application of
residuals are spring and early summer. The low annual precipitation and frozen soils during the
winter period result in less restrictive fall and winter applications. The predominant
consideration in the drier areas of the province is surface runoff during spring snowmelt. In
areas where it is possible to access a frozen or snow covered site to spread a residual, it is
critical that no runoff occurs during snowmelt. Applications on frozen or snow-covered ground
should only be contemplated on flat sites. Buffers from watercourses should be increased.
Leaching of NOj is less of a concern as the soils freeze and residual soil NO; from the
previous fall will still be available for plant growth the following spring.
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10.6.2.3 Interior Wet Belt (Salmon Arm, Areas of West Kootenays)

The interior wet belt experiences higher annual precipitation, particularly as snowfall than in
other areas of the interior. Consequently, the qualified professional should give consideration to
applying residuals in fall and winter to ensure that surface runoff does not occur during spring
snowmelt. Fall application is not recommended due to occasionally heavy fall rain events.

10.6.3 Buffers from Roads, Dwellings and Water Sources

Buffer zones are required when land applying Class B biosolids, Class B compost and pulp and
paper residuals containing domestic sewage. The minimum required buffer zones are listed in
Table 11 below and are found in Schedule 8 of the OMRR and in Part 3 Section 7(2) of the
SACoP.

These zones provide a buffer between the application area and potentially sensitive
environments. In addition, buffers from property lines improve the aesthetics of residuals
applications, and limit public exposure to pathogen-containing residuals and odours following
application.

Although buffers are not required for the application of Class A biosolids, Class A compost,
BGM or residuals regulated under the SACoP aside from pulp and paper residuals containing
domestic sewage, the application must not result in adverse environmental impacts as per the
EMA. It is recommended that the same buffer distances be considered as warranted by site
conditions including the proximity to sensitive environments. Although OMRR Class A residuals
and SACoP residuals that do not contain domestic sewage pose minimal risk from a human
health perspective, the potential for nutrient impacts to surface water or groundwater are the
same. These residuals should be applied according to BMPs for chemical fertilizers.

Table 11: Buffers required for Class B biosolids, Class B compost and pulp and paper residuals
containing domestic sewage

Feature Distance
(m)
Potable water sources — wells 30
Irrigation wells 30
Lakes, rivers, streams 30
On-site dwellings 30
Off-property occupied dwellings 30
Boundaries of property zoned residential or recreational 30
Major arterial roads and highways 20
Minor public roads 10

10.6.3.1 Buffers to Surface Water

The minimum buffer distance from major surface water sources is 30 m. It is advised that
buffers be used for other types of water bodies such as ephemeral (seasonal) streams and
ditches based on the potential for adverse impacts. Buffers may need to be increased:

e on sites with slopes;
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e on sites with bare soil which provides little filtering of runoff as compared to sites
with good vegetative cover;

e where residuals are surface applied and not incorporated; and
e on sites with subsurface lateral flow along compacted or cemented horizons.

Ultimately, the appropriate buffer will be protective of water quality by ensuring that none of the
residual or runoff enters surface water bodies.

10.6.3.2 Buffers to Groundwater

Groundwater buffers are designed to protect groundwater as well as domestic and irrigation
water wells. When residuals are applied at agronomic rates at the appropriate time of year, and
when buffers are observed, the potential for groundwater contamination is minimized. However,
as with surface water, buffers may need to be increased in special circumstances.

10.6.3.3 Property and Road Buffers

Under the OMRR, buffers from farm dwellings, neighbouring properties and roads and required
for the application of Class B biosolids and Class B compost. Under the SACoP, the application
of pulp and paper residuals containing domestic sewage requires property buffers. A 30 m
buffer is required from property boundaries and on-site dwellings. There must be a 20 m buffer
zone from major roads and highways, and 10 m from minor public roads. No buffer is required
when residuals are applied next to logging roads; however, when odour or aesthetics may be a
concern, a buffer is recommended. Again, these buffer requirements should be considered to
be minimum standards; on sites where application of residuals may impact neighbouring
properties, buffers may be increased. Although neither the OMRR nor the SACoP specify
buffers for other regulated residuals, public perception and risk of odour should be given
consideration in the decision to recommend buffers for property and roads in the LAP.

10.6.4 Signage and Access Restriction

Under the OMRR, Class B biosolids and Class B compost application sites require signage that
identifies the site as having received residuals (Photograph 19 and Photograph 20).

Where applicable under the OMRR, signs must state that residuals derived from a WWTP have
been applied to the site and that animal grazing on the site must be restricted for 60 days and
outline the 18 and 38-month food for human consumption restrictions. The signs must also
provide a contact person and telephone number for further information. Schedule 8 of OMRR
outlines this information.

Under the SACoP, signage of application sites is only required following application of pulp and
paper residuals containing domestic sewage. Signage is not required at sites that have
received any other residual regulated under the SACoP or if the site has received pulp and
paper residuals without domestic sewage. When required under the SACoP, the sign must be a
minimum of 1 m?in size. Sighage must be posted on each road or path to the land application
site, and must be in place for 38 months following application.

When required under the SACoP, signage must contain information on the fecal coliform
density of the residual, contact information, a description of the application site, and details
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about required livestock and human food harvest restrictions. Section 7(4) of the SACoP
outlines this information.

Class B biosolids and Class B compost application sites as well as domestic sewage-
containing pulp or paper mill residual application sites should have restricted public access or
use; sites should be fenced and gated. Where possible on forested sites, it is advised that
access to the site be restricted by gates or road closures. More often, signs are posted at key
entry points into the application area.
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10.6.5 Criteria for Land Use

The OMRR and the SACoP both contain food harvest restrictions for some residuals. Under
the OMRR, Class B biosolids and Class B compost with a fecal coliform concentration
> 1,000 MPN g or that have not been processed to reduce vector attraction can only be
applied if food crops for human consumption are not grown for 18 months for crops with
harvested parts above the surface and for 38 months for crops with harvested parts below the
land surface. The SACoP stipulates the same harvest restrictions following the application of
pulp and paper residuals containing domestic sewage with a fecal coliform density
> 1,000 MPN g™ of total solids (dw). Under the OMRR, domestic livestock grazing on a Class B
biosolids-amended site is restricted for 60 days following application. The SACoP does not
stipulate livestock feed harvest or grazing restrictions; however, a 60 day grazing restriction is
recommended when pulp and paper residuals containing domestic sewage are applied if the
fecal coliform concentration is > 1,000 MPN g™. Livestock feed crop suitability is covered in
more detail in Chapter 13.
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10.6.6 On-Site Storage of Residuals

Under the OMRR, all biosolids and Class B compost land applied under a LAP must adhere to
the on-site storage requirements in the regulation.

Under the SACoP, on-site storage requirements are only stipulated for fly ash, pulp and paper
mill residuals and WTR. While there are no on-site storage requirements for wood residues,
waste lime or lime mud, these materials can be stockpiled on-site prior to use. It is
recommended that the on-site storage requirements apply to both OMRR and SACoP
residuals.

Under the OMRR and the SACoP, residuals can be stockpiled at the application site for up to
two weeks prior to land application with no restrictions as to the location of the pile, providing
that the residual is be managed in such a way as to prevent movement of material from the
pile. Residuals can be stockpiled on-site for up to nine months prior to being applied to the site
provided that the pile is sited at least 30 m from any surface water or well, and that the material
is managed to prevent the escape of material from the pile. It is recommended that this
minimum buffer be adhered to for short-term stockpiling of residuals. For this type of on-site
storage, an impermeable surface is not required provided that there is no escape of material
from the pile as runoff or leachate.

For liquid residuals or for storage of any residual for longer than nine months, the residual must
be stored in a permanent structure designed to prevent escape of the residual by leaching or
runoff of material. For solid or dewatered residuals, a bermed area may be sufficient. For liquid
residuals, a leak-proof container or reservoir is required. Storage facilities of this type must be
situated at least 15 m from watercourses and 30 m from wells.

In the GVRD, FVRD and any other area of the Province for which the precipitation from
October to March inclusive exceeds 600 mm, residuals stored on-site must be covered to
prevent rain contacting the residual between October and March inclusive if not stored in a
storage facility with an impermeable bottom where leachate can be collected.

On-site storage requirements are provided in Part 2 of the SACoP and Division 1 of the OMRR.

Photograph 20: Signage posted on an earth berm
surrounding a covered biosolids stockpile

CAUTION KEEP-OUT

SYLVIS
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10.7 Application Logistics and Techniques

The primary objective of all residuals applications is to apply the residual where desired, at the
correct rate, with minimal negative site impacts and as uniformly, efficiently and economically
as possible. The wide range of physical properties of different residuals requires an equally
broad range of management and handling methods to efficiently apply these materials.

Factors to consider when selecting the most efficient application technology are characteristics
of the residual, the terrain and site conditions anticipated at the time of application, the
application rate, treatment objectives, off-site impacts, and availability of equipment. Equipment
availability and short-term cost savings frequently prevent better technologies from being used.
The benefits of a better application method include more uniform application, lower
maintenance costs and reduced odour during and after application.

10.7.1 Site Condition Challenges

Site conditions may govern the choice of application technology. Residual applications can be
on forest, landfill, mine, range or cultivated farm land. Site conditions can range from undulating
forest and range sites, to extremely rocky and rugged mine sites, with slopes ranging from flat
to very steep (angle of repose). The varying conditions require a wide variety of different
application technologies. Site factors to consider when choosing an application technology are:
site access, ability of equipment to traverse the site, traction during wet weather, soil
compaction, vegetation type and susceptibility to damage, application rate and uniformity, ease
of tillage, and odour sensitivity.

10.7.1.1 Agriculture

Cultivated agricultural sites are generally accessible with conventional farm equipment.
Uncultivated sites such as rangeland are often located on rough and varied terrain.
Conventional agricultural equipment and tillage methods may have limited application on these
types of sites due to steep slopes or roughness of the terrain. Cultivated farmland is amenable
to almost any application method, but conventional manure spreading equipment is most
commonly used. For specific information on residuals application on agricultural sites, refer to
Chapter 13.

10.7.1.2 Silviculture

Silvicultural applications are typically subdivided into plantation and natural forestry. Plantation
forestry implies trees grown in rows on flat to gently rolling terrain where equipment can
traverse between the rows. Natural forestry implies randomly planted trees and can include
much more difficult terrain and steep slopes. For specific information on residuals application
on forested sites, refer to Chapter 14.

10.7.1.3 Reclamation

Reclamation applications occur on a variety of different types of sites. Mine site conditions can
range from very fine tailings to very coarse waste rock dumps, with slopes from flat to angle of
repose. Other reclamation sites such as gravel pits, quarries, landfills, slides and erosion
channels also present varied terrain and access challenges. A common element on
reclamation sites is exposed and often loose mineral materials containing a high percentage of



OMRR and SACoP Land Application Guidelines Page 120

coarse fragments (large rocks). Steep slopes, limited access, rugged terrain and loose soils
present the greatest application challenges. For specific information on application of residuals
on reclamation sites, refer to Chapter 15.

10.7.2 Application Technologies

There are many application technologies to assess in matching the material handling
characteristics of the residual to the challenges presented by a particular site and set of project
objectives. The following discussion presents some options for applications of liquid and solid
biosolids. Although most of the residuals regulated by the SACoP have not yet been used on a
large scale in land application programs in BC, the techniques for land applying biosolids will
apply to residuals with similar characteristics.

10.7.2.1 Liquid and Slurried Residuals

Residuals are often handled as a liquid or slurry which has many advantages, the most
important one being eliminating the cost of dewatering. Communities with relatively small
volumes or short hauling distances can handle biosolids in liquid form. Liquid application of
trucked or re-watered biosolids has also been used with success to overcome challenging site
conditions in forestry and reclamation. Handling biosolids in liquid form allows the use of
simple, proven technologies, but increases the cost of hauling and the risk of spills. A wide
variety of technologies are available for applying liquid biosolids that are discussed below
under the headings of spraying, spreading, and injection systems.

Other residuals that may be handled as a liquid or slurry are primary and secondary pulp and
paper residuals and WTR; however, these residuals are usually dewatered prior to use.

One of the simplest and most adaptable methods used to apply a liquid residual is to spray it
on with a high-pressure nozzle. Depending on the pressure available, residuals can be sprayed
30-60 m, allowing large areas to be covered quickly, even over difficult terrain. Application rates
are easily controlled for quantity and uniformity, but are limited to frequent light applications
because of leaching and run-off concerns. Other limitations of spray application are visual
impact, vegetation fouling and odours.

A variety of spray application equipment is available, ranging from hose and nozzle systems to
vehicle mounted spray tankers. For small-scale and research applications in a rugged forestry
setting, hand-held fire hoses work effectively. Larger gun and hose-reel systems adapted from
agricultural irrigation equipment are commonly used for farm applications. The use of a hose-
reel in a forestry setting is less effective due to pressure loses in the hose and excessive wear
and damage from moving the hose through the forest. For hose systems, the solids
concentration should generally be less than 10%, and should be reduced further as the hose
increases in length.

Self-propelled tanker systems come in a variety of shapes and sizes, ranging from on-highway
trucks to off-road vehicles (Photograph 21). Use of highway trucks on farmland is limited by
poor traction during wet weather and soil compaction concerns. Vacuum/pressure tankers with
remote monitors can effectively apply liquid residuals on rugged terrain, but require an
extensive road or trail system and support equipment to apply large volumes.
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Photograph 21: Self-propelled liquid tanker
being used to fertilize a slope

SYLVIS

Another method of applying liquid residuals is by surface spreading using a tanker towed
behind a tractor (Photograph 22). Spray bars or splash plates are commonly used to achieve
an even distribution of the material. For slurries too thick for spray bars and splash plates, there
are rear-discharge and side-cast manure spreaders designed for sloppy materials. Surface
spreading reduces over-spray, aerosol formation, and odours that can occur with high pressure
spray type applicators. However, this application technology has a limited ability to traverse
uneven sites.

Liquid residuals can be applied directly onto the soil surface below the vegetation. One such
system is the sleigh foot applicator. The sleigh foot parts the grass sward and deposits the
liquid residuals onto the soil surface at the soil/air interface, with minimal disturbance of the
soil, roots, or grass. The applied residual is nearly invisible following application and odours are
greatly reduced. However, this application method can only be used on cultivated agricultural
sites or sites with similar conditions.

Photograph 22: Tractor towed liquid tanker being
used to fertilize a row of poplar trees
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Another popular method of applying liquid residuals is sub-surface injection. The primary
advantages of this method are reduced odour, vector attraction reduction, run-off prevention,
and improved N utilization by reducing NHj3 volatilization. Injection systems are available in a
variety of configurations ranging from a tractor-mounted - hose fed system, to a self-propelled
vacuum/pressure tanker injection system. Injection shanks can be welded to the back of ripper
teeth for very heavy soils. All of these systems involve cutting a slot in the soil and injecting the
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residual under pressure directly into the soil below the surface. Injection systems vary in the
size and strength of the shank, depth of injection, and amount of surface and sub-surface soil
disturbance and root damage they cause. Sub-surface injection with conventional equipment is
limited to cultivated soils with few rocks.

Where a liquid application is desired using dewatered biosolids or other residuals, a re-watering
step is required. For smaller projects either a tarp lined pit or a half buried container can be
used as a mixing basin. A tractor-powered manure agitator can be used to re-slurry the
residual. For larger projects, some jurisdictions have used a re-watering plant that is capable of
mixing and storing large amounts of re-watered slurry. The re-watering of dewatered residuals
is not as common as dewatered application technologies have been developed.

10.7.2.2 Dewatered Biosolids

For larger biosolids generators, the high cost of hauling and applying large volumes of liquid
residuals justifies dewatering. Dewatered biosolids are semi-solid and can have very different
physical properties depending on the type of treatment processes and dewatering methods
used to produce them. Primary sludges tend to be granular while biological sludges can be
gelatinous and difficult to dewater. Lagoon or land-stored biosolids tend to become more friable
with age.

The degree of treatment (primary, secondary or tertiary) and the solids content of the
dewatered biosolids have the greatest impact on the handling characteristics. While solids
content is not always a good indicator of form or characteristics, typically at solids
concentrations less than 25%, biosolids become increasingly plastic, sticky, and may tend to
flow. As solid concentration increases above 25%, dewatered biosolids become increasingly
granular and friable. Treatment plant characteristics will also affect biosolids handling
characteristics. Primary biosolids at 25% solids will have properties distinctly different from
secondary biosolids with the same solids content. Polymer can reduce the viscosity of the
biosolids due to the capture of additional fines and the residual polymer itself. Basing an
application system on the solids content of a specific biosolids without evaluating the
application technology could result in unforeseen challenges.

The stickiness, viscosity, and texture of the dewatered biosolids are the key factors to consider
when determining the type of application equipment best suited to a particular biosolids. Subtle
differences in physical properties can make a significant difference in how well application
equipment will work with a particular biosolids.

The method of handling the biosolids following dewatering can also affect the characteristics of
the final product. Positive displacement pumps and to a lesser extent long screw conveyors will
shear the dewatered biosolids, breaking down any internal structure, and making the biosolids
more plastic. Minimizing the amount of shear or vibration imparted to the biosolids during
handling can maintain its viscosity and help avoid shifting loads. Dewatering systems can affect
odour generation as well as impact physical application.

10.7.2.3 Other Non-liquid Residuals

Biosolids compost is moist but not wet, very friable and easy to handle with conventional
manure spreading equipment.
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Dry ash can be very dusty and often water must be added before it can be transported and
land applied. Often water is added after the ash is precipitated. Ash that has been wetted can
be easily spread with manure spreaders, lime trucks or fertilizer spreaders. Excess water can
result in the ash caking and becoming difficult to spread evenly. Optimum wetting of ash for
dust control appears to be in the range of 25 to 35% moisture. Lumps may form following
wetting of ash; these should be screened out prior to loading ash into the application equipment
to avoid internal damage to equipment during spreading. Ash lumps are normally quite soft and
will break apart if crushed with a loader bucket or similar piece of equipment. Note that fly ash
typically has a high pH; the caustic nature of these residuals can cause deterioration of
residuals handling equipment.

Wood residues must be ground to a uniform, relatively small particle size to be spread with
conventional solid manure spreading equipment. Care must be taken to ensure that there are
no rocks in the wood waste as they can damage the internal mechanisms of spreading
equipment.

Primary pulp and paper mill residuals are typically dewatered to 12 to 25%. They are fibrous,
friable and typically simple to apply using similar technologies to that of dewatered biosolids.
Secondary pulp and paper residuals are gelatinous, typically sticky and somewhat massive.
Usually, pulp and paper mills will mix primary and secondary residuals together prior to
dewatering. The mixture tends to be 18 to 22% solids and typically resembles anaerobically
digested dewatered biosolids (Photograph 23).

Photograph 23: Spreading pulp and paper
residuals with a dozer
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Lime mud as produced has a moisture content of 40 to 50% which is quite wet for application
with solid manure application equipment, but too dry for liquid application equipment.
Challenges to uniform application of lime mud exist. Some companies have blended ash with
lime mud to dry the lime so that it can more easily be spread with conventional equipment.

Lime residuals from cement and concrete fabrication can be highly variable, contain significant
coarse fragment content — typically rocks and/or gravel — and may prove difficult to apply in a
uniform method as a solid. Grinding or crushing may be required prior to application. Liquid or
semi-solid residuals can be spray applied.

As with liquid application technologies, dewatered residuals application methods and
equipment have been adapted from agricultural waste handling equipment.
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Manure spreaders are most commonly used to apply non-liquid residuals (Photograph 24).
They come in a wide variety of shapes and sizes and differ in their configuration and internal
mechanisms. These variations can make a difference in how well a spreader will perform with a
given biosolids or other residuals on a particular site. Generally, manure spreaders can be
categorized as rear-discharge or side-discharge, and can be pulled with a tractor, or self-
propelled on a truck or off-road equipment chassis.

The essential elements of the spreading unit are a box or hopper, a means of conveying the
product to the discharge point, and a mechanism to discharge and uniformly distribute the
product onto the soil surface. Spreader boxes are usually well designed with steep sides to
prevent material hanging up or “bridging”. Farm spreaders typically have one of three types of
internal conveyors; chain driven flights, screw conveyors, or a push-out mechanism, while
some custom-built spreaders have walking floors. Floor chain, push-out, and walking floor style
spreaders typically have a rear lift gate that prevents material from falling out during loading
and transport.

All of these conveying systems work reasonably well on level ground with fairly solid residuals.
Floor chain and walking floor systems are less effective when spreading on slopes, particularly
down slope, and with sloppy material. With higher solids content residuals, material can slough
into the beaters unevenly, particularly when applying to uneven ground or on a slope, resulting
in an uneven application. A partially open rear gate can alleviate this problem with floor chain
and push-out spreaders, but will back up most walking floor systems. Push-out systems without
a sliding floor or lid will tend to mound the residual and spill it over the sides, particularly if the
material exhibits plastic flow. Screw conveyors provide the most consistent delivery of residual
to the discharge point regardless of consistency, site slope or bumps. Screw conveyors
typically require about five times the energy used by walking floor and floor chain systems, are
prone to “bridge” and are more expensive.

The discharge mechanisms for ejecting and distributing the residual onto the ground typically
involve spinning paddles or hammers designed to shred or break up the material into fine
particles and distribute them as uniformly as possible in a fan to the side or rear of the
spreader. Side-cast spreaders typically have a smaller ejector that spins at a higher speed and
spreads the residual over a width of 10 to 20 m, much wider than most rear-discharge units,
and are particularly well suited to lower application rates.

The most common distributor for rear-discharge spreaders is one or more horizontal shafts with
angled paddles, although spreaders with vertical shaft paddles, and horizontal spinners like
those of sand and fertilizer spreaders have been used. Distributors for rear-discharge
spreaders typically turn more slowly and spread in a short, narrow (3 to 5 m wide) fan behind
the spreader. The resulting spread pattern is much coarser and less uniform than that of a side-
cast spreader. Most of these spreaders have a tendency to cast more material to the sides and
leave the centre almost bare, resulting in a striping effect. The spreading pattern may be the
result of the slower speed and design of the typical horizontal beater. These beaters generally
handle debris well, and rear-discharge spreaders typically have a higher throughput and can
spread faster than side-cast spreaders.
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Photograph 24: Rear-discharge manure spreader
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10.7.3 Calibration of Application Rate in the Field

Application rates of residuals are calculated on a dw basis, and must be converted to the ‘as-
produced’ weight using the moisture (or solids) content of the residual. Terms such as “bulk” or
wet tonnes (wt) are used to describe the amount of ‘as-produced’ material. Determining
application rates on a dry matter basis removes the variability associated with moisture content.

Ensuring an accurate application rate is important, and is usually accomplished with liquid
residuals by converting the residual from a weight (i.e. bulk tonnes) to a volume (m?) basis, and
by determining the volume of the applicator vehicle and the area covered by one full tank or
load of liquid residual. Verifying application rates with solid residuals may be accomplished
through a variety of methods. To use the tarp system to calculate the application rate, the
desired residual application rate is converted from bulk tonnes per ha to kg per m? (Photograph
25). To calibrate the application equipment, tarps with a standard area are placed in the path of
the spreading equipment. After one pass of the spreading equipment, the tarps are weighed,
and the actual application rate determined. The operator can then adjust the speed of travel or
rate of discharge accordingly on the next pass. Application equipment with built-in scales can
use the weight applied per unit area to validate application rates.

Photograph 25: Tarp used to determine a
residual application rate

SYLVIS
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10.8 Post-Application Monitoring

The OMRR does not require post-application monitoring of residual application sites. If the
application rate of residual used on the site exceeds the agronomic rate for the site, a post-
application monitoring plan must be included in the LAP. The agronomic rate is defined as the
application rate that provides the desired fertilizer nutrient concentrations or soil conditioner
levels to establish or sustain the intended vegetation or crops on the land and minimize the
potential for adverse environmental impacts.

Under the SACoP, post-application monitoring of residual application sites is not required. If the
proposed application rate of residual exceeds the annual soil conditioning or crop nutrient
requirements for the site, a post-application monitoring plan must be included in the LAP. The
plan must include a description of a process for monitoring the composition of the soil on land
after soil amendments have been applied and a statement of the potential changes in the soil
and vegetation quality this will cause.

Although not required by OMRR or the SACoP, post-application site monitoring can provide
due diligence in assessing if there are any adverse environmental impacts following a residual
application. The post-application monitoring protocol depends on which parameters are of
concern; residual impact on soil, groundwater, surface water and plant tissues can all be
examined. The information in this section identifies: the benefits of post-application monitoring,
parameters that can be monitored and the information gained from monitoring. Refer to
Chapter 12 for additional information on post-application monitoring.

10.8.1 Post-Application Monitoring Plan Requirements

The requirement for a post-application monitoring plan is essentially the same under both
regulations. If the proposed residual application rate exceeds the agronomic nutrient
requirement of the vegetation on a site (based on fertilizer nutrient concentrations or soil
conditioning levels), a post-application monitoring plan for the site must be included in the LAP.
The post-application monitoring plan must assess the risk of changes in soil and vegetation
quality resulting from residual application. The parameters that should be included in the
monitoring plan should be based on the characteristics of the residual that are most likely to
adversely impact the soil and vegetation on the site. These might include: post-growing season
soil NOj;  concentration, NOj; concentration of forage, post-application trace element
concentrations in soil and vegetation, soil pH and conductivity and soil and vegetation macro
and micro nutrients. The monitoring plan is not required to address changes to surface or
groundwater quality; it is assumed that the application will not impact water quality. Water
monitoring can be conducted as due diligence, or may be indicated under site-specific
conditions. Monitoring parameters are discussed in further detail in the sections that follow. As
well, Chapters 13, 14 and 15 discuss monitoring requirements specific to different types of
applications.

10.8.2 Optional Post-Application Monitoring

Although there is no requirement for post-application site monitoring if agronomic application
rates are used, in some cases it is advisable. Sampling of soil, vegetation and water can
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provide information on the positive and potential negative impacts of the residual on the
environment.

10.8.2.1 Soil Nitrate Concentration

For agricultural and some reclamation applications of high nutrient residuals, the post-
application concentration of NOj in the soil can be monitored in the fall after vegetation growth
has slowed or stopped. Fall soil NO3  concentration is an indication of how accurately the crop
N requirements were met with the N added in the residual and other sources. High fall soil NO3
concentrations indicate excess available N while low fall soil NO3; concentrations indicate
additions that match the N requirements. In high rainfall areas of the province, NO3 will leach
out of the crop’s rooting zone with fall rains. To measure NO3™ concentration accurately in these
areas, sampling must be completed in the window between when crop growth slows (or crop is
harvested) and fall rains begin, usually late September. If this window is missed, deep soil
sampling will be required to characterize the residual soil NOj3". In low precipitation areas where
soils are frozen through the winter, NO3” may remain in the soil profile throughout the winter
and be available for crop growth the following spring.

Soil NO3™ concentration is not normally a good indicator of appropriate application rate on
forested sites where N dynamics are different.

10.8.2.2 Vegetation Protein and Nitrate Concentration

Residuals can have an impact on the quality of forages. In the year of application of a high N
residual such as biosolids or secondary pulp and paper residuals, vegetation will have
substantially more protein than in previous or following years, especially if fertilization of the site
has been minimal prior to residual application. The resulting forage is of high quality for grazing
animals. Under certain circumstances, the forage may contain an elevated concentration of
NOj;" concentration that is a livestock health concern.

In the presence of an abundant soil supply of NOj, forage will accumulate NOj in
concentrations much higher than normal, as high as 2,500 — 3,500 ppm NO3;  compared to a
normal forage containing less than 500 ppm NO;". Many environmental factors determine how
much NOj; forages will accumulate, but soil concentration of NOj3 is the most important
determinant. On well-fertilized sites receiving high nutrient residuals, or when the application
rate is above the recommended agronomic rate, high NO3™ forage may occur. High NO; forage
is toxic to livestock; causing death at very high concentrations and reduced productivity at
slightly elevated concentrations. If there is any concern that site vegetation has an elevated
NOj3; concentration, it should be sampled and analyzed by a lab familiar with agricultural
analyses. Vegetation should be tested before livestock are put onto the site to graze, or when
the site is harvested for forage production. Chapter 13 contains a further discussion of forage
quality and foliar nutrient concentrations.

10.8.2.3 Other Soil Macro and Micronutrients

The various residuals regulated under the OMRR and the SACoP have highly variable
concentrations of macro and micro nutrients. Fly ash contains a significant amount of K,
sodium, S and B; WTR contain a significant amount of P but can bind soil P; and pulp mill
residuals contain a high concentration of sodium. It is advisable to conduct post-application soil
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sampling on receiving sites where there is uncertainty regarding nutrient imbalances in soil or
vegetation caused by the residual, taking particular note of the parameters of concern in the
applied residual. This is particularly recommended when land applying an unfamiliar residual
for the first time.

10.8.2.4 Soil pH and Conductivity

The residuals regulated under the SACoP are highly variable in pH and conductivity. It is
prudent to conduct post-application monitoring of soil to assess the impacts on site pH and
conductivity particularly when land applying an unfamiliar residual for the first time. Where
impacts are significant, it is advisable to monitor the site for more than one year.

10.8.2.5 Soil Trace Element Concentration

Monitoring soil for trace elements following a residual application is not normally required as
part of a LAP unless the application rate exceeds the crop’s agronomic requirement as
discussed above. If residual applications are made on an agronomic basis, the amount of any
one trace element added to the soil will normally be small relative to the soil's background
concentration of that trace element. As well, variability in sampling and analysis usually
obscures small changes in total soil trace element concentration. If a non-agronomic
application rate has been used and trace element monitoring is recommended, the application
site should be re-sampled using the same methodology as the pre-application testing, and the
post-application concentrations of all 11 required trace elements must be compared to the pre-
application concentrations to ensure that none exceed allowable limits.

10.8.2.6 Groundwater and Surface Water Monitoring

Residuals applied at the agronomic rate should not affect groundwater quality. In the land
application of residuals, particularly those containing high concentrations of nutrients, the
contaminant of concern in groundwater is normally NOj'. If there is a concern about potential
contamination, groundwater should be tested for NO3-N. However, unless pre-application
sampling of groundwater (Photograph 26) has been conducted, it will be difficult to determine if
contamination was the result of pre-application activities (such as manure application or
domestic sewage) or of residual application.

Soil NO3;™ monitoring in and beneath the crop root zone can determine if NOj3™ leaching is
occurring and potentially affecting groundwater quality. If the ground is too rocky for soil
sampling, suction lysimeters can be used to monitor water quality. However, the use of suction
lysimeters and the analysis of data obtained from them are much more difficult than soil
sampling; a discussion of the methodology is beyond the scope of these guidelines.
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Photograph 26: Sampling groundwater at a
residual land application site

SYLVIS

Buffer zones between residual application areas and watercourses are intended to prevent the
contamination of surface water from runoff. Surface water can however, be monitored.
Acquiring accurate data when sampling surface water is difficult, as is it often subject to daily
and seasonal variation. ldentifying and understanding the analytical requirements and the
background or upstream water quality parameters is important. It is recommended that a
professional knowledgeable about water sampling be consulted if surface water contamination
is a concern. Contaminants of concern with surface runoff or erosion from residual application
sites are typically N and P.
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11 Developing a Land Application Plan

This chapter outlines the requirements of a LAP for residuals applications under the OMRR and
the SACoP, and identifies the relevant areas of these Guidelines that provide more information
on specific aspects of the LAP. Sample LAPs for different types of applications are contained in
Appendix 2. These LAPs serve as examples only; LAPs will differ with each application site and
residual applied.

The primary role of the LAP is to ensure that residuals are land applied for their fertilizing or soil
conditioning properties and that the application will not lead to degradation of the environment,
or impair any designated future use of the land to which the residuals are applied. This includes
protection of soil quality, surface and ground water, air quality and the quality of the vegetation
grown as a result of the application. The LAP ensures that trace element additions to the soil
are within allowable limits, and appropriate residuals and site management practices are
implemented to protect human health. Information required in the LAP can be divided into
several sections: preliminary information, determining the appropriate application rate of the
residual, calculating the soil concentration of trace elements following application, ensuring that
public health requirements are met, outlining any special management concerns and outlining
required post-application monitoring. These topics are discussed in this chapter with reference
to other chapters of the document where more information can be found.

11.1 Best Management Practices for Minimum Loss, Minimum Risk LAP

Successful land application of residuals is based on a comprehensive understanding of the
site, the residual to be applied and the expected response of the environment to this
application. The following is a list of BMPs to minimize risk to health and the environment:

e Ensure storage facilities are maintained in a manner that prevent the escape of
residuals and observe buffer distances when locating the facility.

¢ Notify neighbours of the residual application in their area prior to application.

e Select application sites that will benefit from the constituents in the residual and
pose minimal risk to the environment.

e Utilize an application rate that matches the site’s requirement for nutrients or soil
conditioning.

¢ Balance inputs of other nutrients where possible.
¢ Ensure that the application does not negatively impact the site’s pH or conductivity.

o Ensure that post-application trace element concentrations in the soil do not exceed
allowable limits.

¢ Inject or immediately incorporate the residual where recommended.
e Apply only during the recommended times of the year.

e Observe minimum buffers; increase if site conditions warrant.
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¢ Observe the depth to groundwater requirement.

¢ Avoid residual application on days with inclement weather.

e Avoid sites with slope or soil concerns that make application inadvisable.

e Avoid sites in close proximity to heavily populated areas or recreational areas.
e Avoid sites in close proximity to environmentally sensitive areas.

o Observe regulated post-application food crop waiting periods and BMPs related to
livestock grazing.

e Provide and maintain required signage and access restrictions for 38 months after
application where appropriate for Class B biosolids, Class B compost and domestic
sewage-containing pulp and paper residuals applications.

e Design and implement a post-application monitoring plan that will address
environmental concerns.

11.2 Land Application of Small Volumes

Under the OMRR, a LAP is required for any application to land of Class B biosolids or Class B
compost, and applications of greater than 5 m* of Class A biosolids. Class A biosolids can be
distributed in volumes less than 5 m® without a LAP. Class A compost and BGM can be
distributed with no volume restriction.

Under the SACoP, any application to land of a regulated soil amendment in a volume greater
than 5 m® requires a LAP. Residuals regulated under the SACoP can be land applied without a
LAP provided that no more than 5 m® of the residual is applied to a site in a one year period.
There is no restriction on the distribution of volumes less than 5 m® of pulp and paper residuals
containing domestic sewage regardless of fecal coliform content of the residual; however, the
application must adhere to depth to groundwater and crop restrictions as well as buffer and
signage requirements as outlined in Section 7 of the SACoP.

Although there is no LAP requirement for volumes less than 5 m>, an LAP is recommended
when any volume of pulp and paper residuals containing > 1,000 MPN g™ dw fecal coliform are
applied. As a minimum generators and end users should keep records of where the material
was land applied, and the fecal coliform concentration of the material.

11.3 Responsibilities of the Qualified Professional

Under both the OMRR and the SACoP, a qualified professional must prepare and sign each
LAP, and during or following land application of the residual, must conduct a site visit to confirm
that the application was completed to the specifications of the LAP. The qualified professional
must provide written certification to the discharger following the post-application site visit.
Under the SACoP the qualified professional is required to complete the sampling of fly ash and
pulp and paper residuals.
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11.4 Notification of Application

Depending on the type of residual and application site, several regulatory authorities may
require notification of a planned residual application, including the Regional Waste Manager of
the MoE, the MHO appointed under the Health Act and the Provincial ALC. Notification
requirements are outlined in the following sections.

For both the OMRR and the SACoP, the MoE Regional Waste Manager has 30 days to
respond to the proposed application with a request for additional information. The MHO has the
authority to veto the LAP or to impose conditions on the application within the 30 day
notification period. The application can proceed if there is no communication from either of
these parties 30 days after the notification period, or 30 days after receipt of additional
information if requested. The ALC has no authority under the OMRR or the SACoP to either
request further information or veto a proposed application. The ALC can veto applications of
soil amendments (residuals regulated under the SACoP) under the ALCA.

The LAP must be provided to the registered owner of the land prior to the residual application.
11.4.1 OMRR Notification Requirements

At least 30 days before the intended application of managed organic matter the MoE Regional
Waste Manager must be notified of the proposed application by submitting Schedule 13 in the
OMRR. Most of the information required for Schedule 13 should be contained in the LAP.
Within 30 days of receiving the Schedule 13 notification, the Regional Manager may request
additional information and within 30 days of receiving the information may impose site-specific
standards or management practices.

Should the proposed application be on agricultural land or in a watershed permitted as a water
supply, the appropriate MHO must also be provided with the information from Schedule 13 and
given 30 days notice of the proposed application. If the proposed application is to occur within
the ALR, the BC Land Commission must be notified.

When notification of the MHO is required, the MHO can within 30 days of receiving notification:
¢ stop the land application from proceeding; or
e impose conditions for land application.

The timeline can be modified if there is agreement between the discharger, the manager and, if
applicable, the MHO.

A copy of the LAP signed by the qualified professional must be kept at the facility or kept by the
registered owner of the land application site for 36 months after the application of soil
amendments under the LAP. Upon request the LAP must be made available to a MoE
manager, or an inspector or officer under the ALCA.

11.4.2 SACOP Notification Requirements

All proposed applications to land of residuals regulated under the SACoP in volumes greater
than 5 m> require notification of the Regional Waste Manager or appropriate MoE Director.
Schedule 1 of the SACoP is submitted as natification. If the proposed application is onto land
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with an agricultural use, as defined in the CSR, or in a watershed (defined as a watershed from
which water flows into a drinking water source, and intended to apply to both surface and
groundwater), notification must be provided to the MHO in whose jurisdiction the application
site is located. If the land is within the ALR, notification must also be submitted to the ALC.
Notification must be supplied at least 30 days before the proposed application. Under the
ALCA, an application must be made to the ALC to apply residuals regulated under the SACoP
within the ALR.

For applications under the SACoP, the Regional Manager or Director can request changes to
the planned application or additional information on the application in the form of site-specific
standards or additional management information. If the Director requests additional information
regarding a proposed application, that application cannot proceed until at least 30 days after
the additional information has been provided to the Director and the MHO. Within this time:

o the director may require the discharger to comply with site-specific standards or
management practices; and,

¢ the MHO may provide written directions prohibiting the land application of soil
amendments to the application site or, impose conditions on the land application.

The time limits can be modified if agreed by the Director, discharger and the MHO as
applicable.

The discharger must keep a copy of the LAP and certifications by the qualified professional for
36 months after the application of soil amendments under the LAP. These must be made
available for inspection by an officer and, on request, provided to a director or an official under
the ALCA.

11.5 Duration of Land Application Plan

For both the OMRR and the SACoP a separate LAP is required for each distinct geographic
site where a residual is to be applied; each LAP is current for a one year period from the time of
writing. For many applications of residuals, a LAP can be produced for the application of one
type of residual at one site to be completed within one year. In this case, at the end of one
year, the application has been completed and the LAP expires. Applications to agricultural sites
are often initiated and completed within one calendar year.

On certain sites, the application of the residual is planned to occur over several years on
different areas of a site. Often, the site operator requires flexibility in timing of application of the
residual. In any one year, the size of area that receives the residual may depend on weather or
other factors out of the control of the operator. For example, the landowner may plan to apply
the residual to three areas of the site during the year the LAP is written, but because of
unforeseen factors, delay the application until the next calendar year, or apply the residual to
only one of three planned application areas. Residual applications at reclamation sites often
require this type of LAP. For this type of ongoing application, one LAP can be written to cover
the entire proposed application area, and include all soil analytical data for the site so that the
site operator has the flexibility to proceed with applications to the site as is convenient.
However, the LAP must be updated annually for the areas of the site that have not yet received
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the residual. As discussed below, each time a LAP is updated, notification as required must be
undertaken and depending on site conditions, residuals and soil may require reassessment.

A site is defined as a field or group of fields, or an area that is to receive residuals over a period
of time such as a reclamation site or a forested area of defined size. The LAP should cover one
application of the residual over the whole area, whether that application occurs at one time or
over a period of time.

Each LAP is a separate entity. Notification requirements to MoE and, if required, to the MHO
and ALC must be completed with each update of the LAP. If site conditions do not change from
year to year, soil sampling for trace elements may not be required each time a LAP is updated;
the qualified professional must use discretion in making this decision or may request guidance
from the Regional Director. It is advisable to update residual quality data, application rates and
trace element addition data annually.

11.6 The Site, Discharger and Qualified Professional

Under both OMRR and the SACoP, a LAP must contain:
¢ the full name and address of the facilities where the residual is produced;
¢ the local contact for the discharger and their address and phone number;

e the name and address of the person preparing the LAP (their professional
designation is also recommended);

e the name of the registered owner of the land on which the land application will take
place;

¢ the street address and legal description of the land application site;

¢ the location and boundaries of the land application site (a map or plan of suitable
scale is required);

¢ the intended dates for land application during the year;

e written authorization from the registered owner of the land where the proposed
application is to occur (or agent); and,

¢ the signature and stamp of the qualified professional.
Additional information required for applications under the SACoP includes:

e The latitude and longitude of the proposed application site and a description of the
boundaries of the application site.

e The street address and legal description of each storage facility and storage site
where the residual will be stored prior to application, and a map or plan showing
these locations.



OMRR and SACoP Land Application Guidelines Page 137

11.7 Residual Characteristics

Information requirements pertaining to residuals applied under the OMRR and the SACoP are
discussed below.

When preparing a LAP under the OMRR, the following information is required about the
biosolids or compost:

o fecal coliform as MPN per gram dw (see Schedules 1, 3 and 5 of the OMRR);
¢ a physical description of the constituents, including foreign matter;

e vector attraction reduction process or management method (see Schedule 2 of the
OMRR);

e moisture content plus total nitrogen (TKN), NH3 plus NH,", NO3, plant available P
and plant available K, all expressed in pg g~ dw;

e pHandEC; and,

e concentrations of the 11 required trace elements expressed in pg g’ dw (see
Schedule 4 of the OMRR).

Under the SACoP, the LAP requires the following residual information:

e moisture content as a percentage, TKN, NH; plus NH,*, NOs-N, plant available P
and plant available K, all expressed as ug g™'dw;

e concentrations of the 11 required trace elements in pg g’ dw (Table 1 of the
SACoP);

e pHandEC;
¢ a physical description of the material, including foreign matter; and,

o for soil amendments that contain domestic sewage, the fecal coliform in MPN g
(dw).

The SACoP does not require the analysis of residuals for other parameters besides the
required 11 trace elements, and basic nutrient and quality data. The onus is on the qualified
professional to request additional analyses of the residual if other parameters appear to be of
concern. The residuals must be applied in a manner that does not create or exacerbate a
contaminated site. It is the responsibility of the qualified professional to determine additional
residual-specific parameters for analysis in addition to the SACoP requirements.

11.8 The Receiving Site/Soil

Under both the OMRR and the SACoP, the following information about the receiving site is
required:

e concentrations of the 11 required trace elements and predicted post amendment soil
concentrations of the same trace elements (required trace elements listed in Table 1
of the SACoP and Schedule 4 of the OMRR);
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e EC and pH of the soil; and,
e calculation of soil conditioner or crop nutrient requirements for the site.

For residuals managed under the OMRR, information on the site’s slope and aspect, soil type
and depth, climate, vegetation, and surface and groundwater location is not required to be
included in the LAP but is recommended for inclusion. If any site factors are of concern for the
residual application, these should be included along with management methods to address
these site challenges.

For residuals managed under the SACoP, the LAP is required to contain information on any
conditions specific to the proposed application site that may limit the site’s suitability for
residual application. The SACOP lists gradient, drainage issues and type of groundcover as site
conditions that may affect the suitability of a site for residual application. The SACoP suggests
other factors be considered. The LAP must contain site management methods used to address
any specific site challenges.

The LAP should contain general site information used to assess and support the suitability of
the site for residual application. The general site assessment should include information about
the: soil type and texture, soil depth and presence of horizons. Annual rainfall, temperature
data and other relevant climate data should be included. Site vegetation should be described,
including the biogeoclimatic zone and subzone where appropriate. The location of the closest
surface water sources and wells should be identified. The risk of flooding and high groundwater
table should be assessed. Land use on adjacent properties should be noted. Chapter 10 and
relevant sections of Chapters 13, 14 and 15 contain site and soil information that can assist in
site assessment.

11.9 Residual Application Rate Determination

Residuals application to land must be completed with a defined goal in mind such as sail
conditioning or fertilization. The LAP must state the proposed application rate of the residual for
the site and year, and provide a rationale for this rate in terms of a demonstrated requirement
at the site for soil conditioning or provision of nutrients; there must be a demonstrable benefit to
the soil and/or vegetation on site from the application. By establishing the objective of the
application, it is also possible to measure the degree to which this objective has been
accomplished in any post-application monitoring.

Chapter 10 provides general information on developing application rates for the various types
of residuals based on their characteristics and beneficial reuse on land; Chapters 13, 14 and 15
provide information on the land application of residuals specific to agriculture, silviculture and
reclamation applications of residuals.

Chapters 8 and 9 contain information on sampling protocols for the various residuals covered
by the regulations and Chapter 12 contains information on sampling protocols for receiving
sites.
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11.10 Trace Element Addition

Both the OMRR and the SACoP specify trace element limits for residuals. If any of the 11 trace
elements exceed the limits as set out in the regulations, the residual cannot be land applied
under these regulations. Schedule 4 of the OMRR and Table 1 of the SACoP contain trace
element limits for residuals.

The LAP must identify the concentrations of the 11 trace elements in the residual and at the
application site prior to residual application. The OMRR and SACoP require that the LAP
provides the predicted post-application soil concentration of all 11 trace elements. The OMRR
requires that every LAP contain a description of the methodology that would be used to
measure the soil concentration of trace elements post-application if this were required. The
SACOP requires this only if the proposed application rate exceeds the agronomic rate for the
site.

The OMRR also contains receiving site soil standards for the 11 monitored trace elements. If
the background soil has one or more trace elements that exceed the appropriate standard for
that element, the site cannot be used for residuals application under OMRR unless site-specific
standards are approved. Schedules 9 and 10 of the OMRR contain soil standards for managed
organic matter application sites.

The SACoP references the soil standards found in Schedules 4 and 5 of the CSR. When soil
amendments are applied to land under the SACoP, the application must not either create or
exacerbate a contaminated site. If the background soil on a proposed application site contains
an elevated concentration of one or more trace elements, the site can be used for residual
application provided that the application does not cause an increase in the background soil
concentration of the trace elements that are in excess of the appropriate soil standards.

Section 10.5 provides additional information on trace elements, determining trace element
additions and predicting soil concentrations. Necessary information about the residual and soil
at the receiving site is as follows:

e concentration in the residual of the 11 identified trace elements;
e concentration in the receiving soil of same 11 trace elements; and,
e bulk density of the receiving soil.

Refer to Chapters 8, 9 and 12 for information on sampling residuals and soil, and on
interpretation of analytical data.

11.11 On-site Storage Requirements

Under the SACoP, the LAP is required to contain the street address and legal description of
each storage facility and storage site where soil amendments will be stockpiled prior to
application, and a map or plan showing the locations of the storages. The LAP must also
contain a description of any site conditions that may adversely impact the storage of the
residual on site prior to land application. It must contain a description of management methods
that will be used to prevent leachate generation at storage sites and facilities. The onus is on
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the qualified professional to ensure that storage facilities or sites adhere to SACoP
requirements for buffers and leachate control and do not cause environmental damage.

Section 10.6.5 covers BMPs for the on-site storage requirements for residuals.

Under the OMRR, the LAP must provide information on storage and leachate management
requirements for the residual at the application site. The onus is on the qualified professional to
ensure that on-site storage adheres to these requirements. It is recommended that the LAP
contains the same information pertaining to on-site storage as is required by the SACoP.

11.12 Public Health and Water Quality Requirements
11.12.1 Class B Biosolids and Class B Compost Application in Permitted Watersheds

Under the OMRR, Class B biosolids and Class B compost cannot be applied in watersheds that
are permitted for supply of drinking water as defined under the Safe Drinking Water Regulation,
BC Reg 230/92. Under both the OMRR and the SACoP, natification of the MHO is required for
applications of managed organic matter or soil amendments in watersheds, and the MHO can
veto or impose restrictions on the application. Refer to Part 3 Divisions 3 and 5 in the OMRR,
and Part 3 (9) in the SACoP for further information.

11.12.2 Application Buffers

The LAP should contain information on buffers required for the proposed application.
Section 10.6.3 discusses buffer distances required by the OMRR and the SACoP. As well,
Chapters 13, 14 and 15 provide specific information on buffers required with different types of
application sites. Ensure that buffers are adequate to protect surface water and groundwater,
and areas bordering the residual application site. The buffer distances in the OMRR and the
SACoP should be considered minimum distances; specific conditions at each application site
will dictate whether these are sufficient for environmental protection. The LAP should contain a
map of the application areas and clearly defined buffers.

11.12.3 Crop Planting and Livestock Grazing Restrictions

A LAP should contain information about required food crop and livestock grazing restrictions
following residual application to the site. Food crop and grazing restrictions are required on
sites that have received Class B biosolids, Class B compost and pulp and paper residuals
containing domestic sewage if the fecal coliform concentration is > 1,000 MPN g™

11.12.4 Signage and Access Restriction

Signage is required, under the OMRR and the SACoP, at sites that receive Class B biosolids,
Class B compost and pulp and paper residuals containing domestic sewage if the fecal coliform
content of the residual is greater than or equal to 1,000 MPN g™ (dw). The LAP should contain
information on the signage required and the information required to be on the sign. Signage
information is contained in Section 10.6.4.

Sites that receive Class B biosolids or compost with fecal coliform concentrations greater than
or equal to 1,000 MPN per gram of total solids or that receive unprocessed Class B biosolids
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have restricted public access. The LAP should also contain information on the management
methods to meet these requirements.

11.13 Application Method and Timing

Application method and timing information must be included in the LAP. The LAP should
describe the method of application and the equipment to be used, including whether the
residual is to be incorporated and the estimated time between application and incorporation.
The LAP should also discuss the timing of residual application, any seasonal considerations
with the application and include any special management methods required to meet seasonal
application requirements (e.g. high water table, snow covered ground).

11.14 Previous Applications

The LAP should reference any previous residual additions to the site which were completed
under the OMRR, the SACoP or an approval or permit, including permit or approval number
and dates. Previous monitoring results will be useful for assessing soil quality and providing
supporting information for the current application.

11.15 Special Management Considerations

Both the OMRR and the SACoP require the qualified professional to outline any special
management methods that will be required to address specific site conditions and any residual
application challenges at the proposed application site, and to include this information in the
LAP. The onus is on the professional producing the LAP to identify any special management
concerns at the proposed residual application site (beyond adhering to the required buffers and
using the appropriate application rate of biosolids), and to develop a plan that adequately
addresses those concerns. Special management conditions may include, but are not limited to,
site gradient and proximity to surface water, appropriate time of year for application, specific
application equipment required, site sensitivity due to proximity of neighbours, odour mitigation,
and dust control.

Under the SACoP, the LAP must outline any site challenges (as determined by the qualified
professional) and the management methods that will be undertaken at the site to address the
challenges. The LAP must also outline management methods that will be used to prevent the
transmission of pathogens by vectors. For applications of residuals that contain fecal coliform
concentrations > 1,000 MPN g'1 total solids, the LAP must outline methods that will be used on
site to prevent the spread of disease.

Under the OMRR, the LAP must outline any site challenges, and the proposed management
methods to mitigate the identified challenges. It must also contain procedures to manage
application of Class B biosolids that do not meet the Class A fecal coliform standard or that
have not been processed to reduce vector attraction, or application of Class B compost that
does not meet maturity requirements. Section 10.6.1 outlines suggested on-site management
of these residuals.
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Sections 10.2 and 10.6 and relevant Sections of Chapters 13, 14 and 15 discuss site selection
and management.

11.16 Special Class B Biosolids Requirements

Biosolids require vector attraction reduction requirements as identified in Schedule 2 of the
OMRR. If vector attraction reduction has not been achieved, biosolids can only be land applied
by injection into the soil or incorporation within six hours of application unless it can be
demonstrated that the risk of pathogen transmission by vectors is minimal. Refer to Section
10.6.1 for more information on application of biosolids that do not meet vector attraction
reduction requirements.

11.17 Post-Application Monitoring

The regulation and code require that a post-application monitoring plan be developed and
included in the LAP if the residual application rate exceeds the annual crop nutrient or soil
conditioning requirement. The monitoring plan must address potential changes in soil and
vegetation quality as the result of the residual application. Section 10.8 and Chapter 12 discuss
post-application monitoring of soil, vegetation and surface and groundwater on and adjacent to
a residual application site. Chapters 13, 14 and 15 cover specific monitoring requirements for
different types of application.

While not required when the proposed application rate meets the crop nutrient or soil
conditioning requirement, a post-application monitoring plan is recommended for all
applications. This monitoring plan may include an assessment of the degree to which the
application achieved the LAP objective, as well as the framework for an environmental
monitoring program. A review of Section 10.8 and the appropriate subsections of Chapters 13,
14 and 15 will assist in identifying scenarios where monitoring is the most appropriate. Post-
application monitoring is often useful to validate increases in productivity or soil/plant nutrient
status and used to refine subsequent application rates.
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12 Sampling and Analysis for Land Application

Under the OMRR and the SACoP sampling is required to ensure that the residuals meet the
regulatory criteria for use. These sampling requirements are discussed in Chapters 8 and 9.

12.1 Sampling Residuals Prior to Use or Distribution

Assuming the quality criteria have been established, additional sampling and analysis is
recommended prior to land application if the residuals have been stored. Application rate
determinant parameters change during storage. For example, if the land application is based
on a N application rate, the N concentration should be confirmed as close as possible to the
time of application. If the residuals are being applied as a liming agent, the pH of the residuals
should be confirmed.

For retail grade organic matter (i.e. Class A compost and BGM), parameters which could
impact human health or the environment should be reassessed prior to distribution or
application in public areas. For example, the fecal coliform concentration of Class A compost
should be measured just prior to distribution. Although not required under the OMRR, it is also
recommended that the fecal coliform concentration of BGM be analyzed. Seven representative
samples of the BGM and Class A compost should be collected and the fecal coliform
concentration should be less than or equal to 1,000 MPN g'1 in all seven samples.

12.2 Receiving Environment — Soil Analytical Requirements

Both the OMRR and the SACoP require receiving environment sampling whenever a LAP is
mandated. Pre-application soil samples must be collected to determine background or existing
site conditions, the application rate and the predicted post-application trace element
concentration.

12.2.1 Receiving Site Analytical Requirements

The soil of the site selected to receive managed organic matter or soil amendment must be
sampled and analyzed for the following parameters:

e Trace elements: arsenic, cadmium, cobalt, chromium, copper, lead, mercury,
molybdenum, nickel, selenium and zinc

e Soil quality parameters: pH and EC

¢ Nutrients: although not explicitly required by the OMRR or the SACoP, the receiving
soil should also be analyzed for the major crop nutrients to assess the nutrient
status of the site and calculate the application rate. In most situations, plant-
available N, P and K are sufficient.

The above information must be included in the LAP. Additional soil quality parameters,
although not required, are recommended for residuals being applied to improve the quality of
the soil: organic matter, C:N ratio, bulk density, and texture. Bulk density is required for post
amendment soil trace element predictions.
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The initial and post-application soil concentration of the 11 trace elements listed above must
not exceed the soil standards provided in Schedules 9 and 10 of the OMRR for the applicable
land use. Under the SACoP, the trace elements concentrations after application must not
create or exacerbate a contaminated site.

12.3 Pre-Application Soil Sampling Methodology

When collecting soil samples for establishing baseline conditions on a proposed application
site, the goal is to collect a sample that accurately represents the soil of the land area that is to
receive the residual. For most application sites, collection of composite soil samples from each
defined sampling area to a depth of 15 cm is adequate to characterize the application area.
The same sampling protocol can be used to collect samples for both trace element and nutrient
determination. Several factors to consider in ensuring that representative samples are collected
are outlined in the sections below.

12.3.1 Sample Collection Schedule

Soil data are required to be included in the LAP, requiring samples to be collected at least one
month before the LAP is submitted. Although it is not always possible, there are preferred times
of year for collecting soil samples, especially for determination of plant-available nutrients. In
coastal areas of the province, the preferred time for soil sample collection for nutrient
determination is in spring when the soil is warming and as crop growth begins. In the interior,
either spring or fall sampling is appropriate. In general, summer is not the preferred time to
collect samples for nutrient determination. For trace element determination, sample collection
time is not as critical. If a site is re-sampled for post-application monitoring or for re-application,
sampling should occur at the same time of year as the initial sampling.

12.3.2 Defining the Sampling Area

Depending on the size, topography, previous or present land use and soil type, the site may be
sampled as one area or subdivided into smaller areas for soil sampling. Sites that are up to
10 ha in size and that are fairly uniform in topography, soil type and present or previous land
use can be sampled as a whole (e.g. fields or reclaimed areas). Sites that are variable in
topography, soil type or management history should be subdivided into smaller units and
sampled individually (e.g. forested areas, some reclamation sites, large fields). Sites larger
than 10 ha in size should be subdivided into smaller areas for sampling; however, if the area is
very uniform, soil type does not vary significantly, and management history has been similar
over the whole area, larger sites can be sampled as a whole (e.g. very uniform fields, mine
tailings or waste rock piles). The qualified professional must use their judgment in defining
sampling areas and in understanding the concepts of variation as it affects precision, accuracy
and regulatory compliance. If an application area is subdivided into smaller parcels for soil
sampling, this should be recorded on a map (using GPS), and all future sampling should be
completed in this configuration.



OMRR and SACoP Land Application Guidelines Page 145

12.3.3 Sampling Pattern

There are many sampling patterns that have been developed to ensure that a representative
sample is collected from each sampling area. The simplest and most effective for routine soil
sampling is random sampling in a ‘zigzag’ pattern over the sampling area. On square or oblong
sites, visually divide the area in half. Walk in a zig-zag pattern up one side of the site and down
the other side collecting samples. In non-symmetrical sampling areas, collect samples
randomly in zig-zag fashion from all parts of the sampling area. Avoid areas that may skew the
representative nature of the sample due to contamination or land use such as dead spots,
manure deposits and wet areas - unless the residual will be applied to these areas. If the
residual is to be applied to these types of areas, a stratified random sampling plan may be
appropriate if the areas make up a significant portion of the total application area. If the areas
do not, a point sample might best characterize these areas.

If there is concern that a proposed application site may have been contaminated due to
previous land use, an alternative soil sampling pattern should be used to identify areas of the
site that are affected. Consult a contaminated sites sampling reference and a qualified
professional familiar with this type of sampling.

12.3.4 Sampling Depth

The standard depth for soil sampling is 0-15 cm; most nutrients and trace elements will remain
within this top layer of soil following application. On most agricultural and reclamation sites, this
is the appropriate depth from which to collect samples. If the residuals are to be incorporated,
soil samples should be collected from the zone of incorporation.

Where there are concerns about movement of soil nutrients or trace elements to a greater soll
depth, incremental sampling of the top 60 cm of soil may be necessary (i.e. 0-15 cm, 15-30 cm
and 30-60 cm). If leaching of NO3-N is a concern, incremental sampling will be required.

On some sites (e.g. undisturbed forested sites), particularly where there are distinct differences
between the horizons, it may be more appropriate to sample soils by horizon. This is especially
important where sampling of the lower soil horizons is contemplated. For example, where the
soil consists of a surface “A” horizon which is high in organic matter, extends to a depth of
23 cm, and is overlying a “Bm” horizon with low organic matter content, it would be more
appropriate to sample the individual horizons separately.

Soil samples collected from sites in perennial grass or legumes typically have a layer of
decaying organic matter on top of the soil. The surface layer should be removed before the
sample is placed in the collection container, retaining only the fine roots that extend into the
soil. When sampling newly worked bare soil, press down firmly on the soil before sampling to
mimic the settled soil depth; if this is not done, only the top 10 cm of real soil depth will be
sampled as ploughing and disking temporarily expand the surficial soil volume.
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12.3.5 Sampling Intensity

One composite sample of soil should be collected from each defined sampling area of the
proposed application site. For small sampling areas (3 ha or less), the composite should
consist of a minimum of ten subsamples. For large sampling areas, the composite should
consist of a minimum of 25 subsamples. In general, a minimum of four subsamples should be
collected from each ha of sampling area.

12.3.6 Preparation of Composite Samples

All soil subsamples from a sampling area should be collected in a clean plastic bucket or bag.
When all subsamples have been collected from within a sampling area, the soil material should
be mixed well in the bucket or similar container. Rocks should be removed and lumps of clay
and other soil material should be broken up thoroughly. Subsamples for laboratory analysis
should be placed in clean labelled plastic bags or containers; a minimum of 500 g of material is
normally required for laboratory analysis. Confirm with the laboratory prior to collecting the
samples to ensure sufficient sample volume is collected and appropriate handling requirements
are followed.

12.3.7 Re-sampling Sites to be Reapplied with Residuals

On some sites, re-sampling of the site for background trace element concentration prior to the
next application must be done carefully. On sites with fine textured soils that have a significant
amount of clay, the residuals may not mix completely into the soil following application. When
the soil is re-sampled prior to a subsequent application of residuals, highly variable and
incorrect trace element values can occur as there may exist localized areas of unincorporated
residuals. On this type of site it is recommended that several additional steps be taken to
ensure that accurate trace element data is obtained from the site. These are as follows:

e Collect three composite samples from each sampling area, each comprised of at
least seven subsamples collected from the entire sampling area. Using this method,
an average value for each sampling area can be calculated.

e Mix each sample very well before sub-sampling, breaking up lumps of clay
thoroughly.

o Request the laboratory dry and grind the entire sample then to take a subsample of
the dried and ground sample for trace element determination. Typically the
laboratory collects a small sample of the material submitted which is dried, ground
and analyzed for trace elements.

Alternatively, soil sampling can be undertaken using the standard protocol and if highly variable
trace element data results, the site can be re-sampled using this more rigorous protocol.

12.4 Analytical Methods

12.4.1 Trace Elements

The OMRR and the SACoP require background soil concentrations of 11 trace elements to be
included in the LAP. The soil samples collected must be analyzed for ‘strong acid digestible’ or
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‘strong acid soluble’ trace element concentration. The standard method of analysis for
determining the soil concentration of trace elements is to digest the sample in a concentrated
acid solution, such as nitric and hydrochloric acid, which destroys the organic matter and
releases trace elements into the acid solution.

Trace element analysis is often completed using inductively-coupled plasma spectrophotometry
(ICP) or similar analytical system. Trace element data is normally reported in ppm or mg per kg
of dry soil. The ICP can provide data for many different trace elements, including all of the
required OMRR and SACoP trace elements except mercury. Mercury is determined using a
separate analysis and must be requested specifically. Arsenic and selenium may require
graphite furnace atomic adsorption methods to meet regulatory-specific detection limits
although more frequently these are completed using ICP Mass Spectrometry (ICPMS). It is
important not to confuse elemental concentrations of P and K that may be provided as part of a
total element ICP analysis with that of plant available nutrient concentrations.

In general, analytical, environmental and soil laboratories are equipped and have the expertise
to perform these analyses. An accredited laboratory should be chosen, and subsequent
analyses should be performed by the same laboratory to avoid between-laboratory variability.

12.4.2 Nutrients

Although not specifically required soil samples should also be analyzed for NH;*-N, NO3-N and
plant available P and K which are required for application rate determination and site
assessment.

The determination of additional constituents are also valuable in determining the condition of
the soil. The organic matter content of the soil is useful in predicting the ability of the soil to
retain and release nutrients for plant uptake over the growing season. Agricultural soils with a
high concentration of organic matter (greater than 5%) typically release significant amounts of
nutrients, particularly N, over the growing season. Soil S, Ca, Mg and sodium concentrations
are also useful in identifying sites where application of residuals may not be appropriate due to
previous oversupply of nutrients to the site, or where an application may help to correct a
nutrient deficiency.

These analytical procedures are most commonly performed by agricultural and soil laboratories
(although some analytical laboratories can perform them), and are usually included as part of a
soil fertility package with fertilizer recommendations. Soil nutrient data are normally provided in
ppm or mg per kg of dry soil and occasionally in kg per ha. Nitrogen constituents ( and NH;")
should be determined on a wet basis; if the sample is dried before analysis, a significant
amount of NH3 will be lost. Ensure that the laboratory reports the percent moisture or percent
solids so that the application rate can be converted from a dry basis to an as-produced basis.
Depending on the laboratory and the area of the province in which the samples are taken,
analytical methods may vary. For more detailed information about analytical methods, discuss
the required analytical techniques with laboratory staff prior to undertaking the sampling and
analysis.
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12.4.2.1 Ammonium-nitrogen

Ammonium-N is typically determined colorimetrically following extraction with an acid solution.
This determination is often not included in standard soil fertility packages, and may have to be
requested specifically if it is desired. Normally, soils have only a very small amount of NH,*-N
as this form of N is transient between organic N and NOj". However, if a site has recently been
amended (or the previous fall in interior areas) with residual containing a substantial amount of
NH,*, the soil concentration of NH,"-N may be quite high. This NH,;" should be considered
plant-available for the upcoming growing season.

12.4.2.2 Nitrate and Nitrite-Nitrogen

Nitrate and nitrite (NO,')-N is the standard laboratory determination for plant-available N. Both
NO, and NOj™ concentrations are quantified in the standard laboratory test, in which NO3; and
NO; ions are extracted in an acid solution and typically measured using a NOj™ electrode or
colorimetrically. Normally, soils contain significantly less NO,” than NOj3; as biological activity
quickly converts NO," to NO3™ in the soil. This test does not measure NH;*-N or organic N, both
of which can contribute substantially to plant-available N over the growing season.

In coastal areas of the province, soil NO3 concentrations in spring will be very low as winter
rainfall moves residual NOj3™ into the subsoil or the NOj is lost to the atmosphere through
denitrification. In interior areas, substantial amounts of NO;” may be present in the soil in
spring, although this NO3;” may be found below the 15 cm depth as spring snow melt transports
NO3;" down the soil profile. Sampling to 30 cm in interior sites that are thought to have high N
fertility is recommended. Because of wide variations in soil NO3-N concentration and crop N
requirements over a growing season, it is not possible to make general statements regarding
ideal NO3™ concentrations in the soil for crop production. As such, the qualified professional
should use their judgment when interpreting soil reports.

12.4.2.3 Plant-available Phosphorus

The standard laboratory analyses used to determine plant-available P in BC are the Bray P1
and the Kelowna extract. The Bray P1 extract is a weak solution of hydrochloric acid and
ammonium fluoride, and is most suitable for acidic soils such as are found in high rainfall areas
of the province. The Kelowna extract is a modified Bray P1 and is suitable for both non-acidic
interior soils and acidic coastal soils. These analyses are designed to extract the portion of the
total P in a soil sample that is plant-available at the time of soil sampling and the portion that
will become available within the growing season. Both extract all of the ‘ortho-P’ or soluble
(dissolved) P in the sample and a portion of the active (labile) P that will supply P over the
growing season. By contrast, the ‘total P’ determination extracts all of the P in a sample. The
plant-available P as determined by Bray P1 and Kelowna extracts is only a small portion of the
total P in a soil as most of the P is tightly bound in organic and inorganic compounds. Plant
available P exceeding 80 ppm in the top 15 cm of soil is typically considered sufficient to meet
crop requirements for at least one growing season. Soils with soil test P exceeding 150-200
ppm P should be considered over-supplied and typically do not require P additions.
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12.4.2.4 Plant available potassium

In BC, two different standard extractants are commonly used for determination of plant-
available K, the Kelowna extractant (acetic acid and ammonium fluoride) and ammonium
acetate. The NH," in the extractant displaces other cations (K, Mg, Ca) from the soil's
exchange complex and plant-available cations are determined in solution. As with P, these
methods extract that portion of the total soil K that is considered to be crop-available in the
current growing season. Soils with plant-available K exceeding 400 ppm in the top 15 cm of soil
are typically considered over-supplied and do not require added K for at least two growing
seasons.

12.4.3 Other Parameters

The OMRR and the SACoP require that background soil samples be analyzed for pH and EC.
12.4.3.1  Soil pH

Soil pH is a measure of the acidity of the soil. It is measured from a suspension of soil and
distilled water using a pH meter. Normally, pH determination using a 1:2 soil:water mixture is
acceptable for most determinations; most BC and Alberta soil and environmental labs use this
pH determination. A CaCl, extract can also be used to determine pH. This method may be less
dependant on the soil:liquid ratio and more reflective of the field pH. It is also more stable for
soil which has been air-dried and stored up to one year.

Agricultural soils produce optimally in the pH range of 6.0 to 7.0, depending on the soil type,
and are limed to maintain the pH within the optimum range for the geographic area and soil
type. Forest soils typically have a low (acidic) soil pH, but trees are well adapted to growing
under acidic conditions. Some agricultural soils (for example, cranberry fields) also have low
pH.

12.4.3.2 Electrical conductivity

Electrical conductivity is a measure of the total salt content of the soil and is normally reported
as deciSiemens per meter (dS m™). For soils with a low (normal) conductivity, EC should be
determined using the 1:2 soil:water method. However, if the soil's EC is expected to be greater
than 2 dS m™, the ‘saturated paste’ method should be requested from the laboratory. If lab data
shows that the soil’s EC is greater than 2 dS m™ using the 1:2 soil:water method, the analysis
should be repeated using the saturated paste method. The 1:2 soil:water method is accurate
for soils with a low EC but this extract loses accuracy as the EC increases. The saturated paste
method is more time consuming and typically more expensive to perform in the laboratory but
is more accurate for higher conductivity soils.

Soil with an E.C. below 2 dS m™ is non-saline, between 2 and 4 dS m™ is weakly saline and
greater than 4 dS m™ is moderately to very saline. Crop growth may be inhibited at EC levels
greater than 4-8 dS m™, depending on the crop to be grown on the site. Soils with an EC
greater than 1 dS m™ are encountered primarily in the southern interior of the province where
annual evapotranspiration exceeds precipitation, and soil salts are not washed out of the root
zone periodically as in coastal areas. Residuals such as biosolids contain a substantial amount
of salts which can contribute to soil salinity. Soils with an EC greater than 4 dS m™ should be
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monitored following the application of residuals to ensure that EC does not continue to rise. If
the EC continues to increase applications should cease until the EC returns to within the
acceptable range.

12.4.4 Post-Application Sampling

The OMRR stipulates that if the application rate of managed organic matter used on a site is
higher than the agronomic rate for the site, a post-application monitoring plan should be
included with the LAP for the site. The plan must include methods to monitor the post-
application soil concentration of the 11 trace elements identified in the OMRR.

A LAP completed under the SACoP requires (if the application rate exceeds the sail
conditioning or crop nutrient requirements) a plan for monitoring the composition of the soil
after the soil amendment has been applied and a statement of the potential changes in the soil
and vegetation quality this will cause.

For both the OMRR and the SACoP the post-application soil concentrations of trace elements
should be determined by re-sampling the site using the same methodology as previous
sampling was completed (i.e. same sampling areas, depth and intensity). Sample at the same
time of year as when the pre-application sampling was conducted. Post-application soil
samples should be sent to the same laboratory and analyzed using the same techniques.

Although post-application soil monitoring for agronomic applications is not required under the
OMRR or the SACoP it is recommended for due diligence purposes to confirm that the
application of residuals does not have a negative impact on the receiving environment.

For managed organic matter applied under the OMRR, the concentration of trace elements in
the soil after application should not exceed the criteria given in Schedule 9 and 10 of the
OMRR.

The SACoP does not identify specific limits for soil constituents post-application. It states that
soil amendments must not be applied to an application site in such a manner or amount as to
create or exacerbate a contaminated site. Post-application sampling is recommended to
confirm that constituents are within the appropriate regulatory requirements.

Under some circumstances it is useful to monitor the soil concentration of plant-available N
following an application of high nutrient residuals. It is useful to assess the soil’s plant available
N concentration in the fall after the growing season is finished. If the application rate of the
residual was high for the site and crop, the soil concentration of available N will be high in the
fall when crop growth has stopped. This information can be used to modify an application rate
for the following year, or to gather information for future applications.

Sampling to monitor for residual NOj3™ is done at three depths in the soil. Collect soil samples
using the methodology described in Section 12.3 above with the following differences. On most
agricultural sites, collect samples in late fall, after crop harvest or when plant growth has
slowed, but before heavy fall rain or snow occurs, or the soil freezes. Collect samples from the
0-15 cm, 15-30 cm and 30-45 or 60 cm depths (depending on difficulty of sampling). Collect
samples in three containers, and composite as described above to make three separate depth
samples for each sampling area. These samples are then analyzed for NO3-N and NH;*-N. A
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fall soil plant-available N concentration of greater than 100 kg ha™ is considered high. If the soil
profile contains greater than 100 kg ha™ of NO;™ plus NH4* and the residual application rate was
based on N, the application rate during the previous growing season was not agronomic.

12.5 Receiving Environment — Vegetation

Schedule 7 of the OMRR requires a post-application monitoring plan for applications where the
agronomic application rate is exceeded. This plan may include vegetation monitoring. The
OMRR does not specify either analyses required or sampling frequency. This is the
responsibility of the qualified professional.

The SACoP requires that the LAP include a statement of potential changes in vegetation
quality that will be caused by application rates that exceed the annual crop nutrient
requirements.

The following section is a terse overview of vegetation sampling of agricultural, tree and shrub
crops. Additional information sources are highly recommended if the qualified professional
identifies that the post-application monitoring plan requires vegetation monitoring, or vegetation
monitoring is being conducted for research purposes. Consult an expert in the field or refer to
the literature. A list of relevant references is provided in Section 12.6.

When residuals are applied at non-agronomic rates, several considerations relating to the
vegetation quality exist. The soil concentration of plant-available nutrients can be high and this
can result in vegetation with high concentrations of certain nutrients. In terms of agricultural
crops typically the main concern is elevated plant NO3;-N. Elevated plant NO3-N can result in
livestock health problems if the affected forage is fed as a high percentage of the ration. High
soil concentrations of plant-available trace elements from an application of organic matter can
result in changes in trace element concentrations and the ratios of those concentrations,
leading to forage or grazing land that may cause livestock health problems.

When residuals are used to fertilize trees and tree crops, foliar analysis is useful prior to
application to determine the nutritional status of the tree and potential response to fertilization.
Post-application foliar monitoring in conjunction with growth measurements are typically used
to assess the success of the fertilization program.
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12.5.1 Sampling Methodology

The following sampling protocol is recommended if there is concern about the quality of the
vegetation as feed for livestock. As with soil sampling, the goal of vegetation sampling is to
collect representative samples from the selected area of concern. The samples collected must
represent the variability in the sampling site.

12.5.1.1 Agricultural Crops or Seeded Reclamation Sites

Samples should be collected at the time of harvest or as close to harvest as possible so that
the samples represent the material that the livestock will be eating. If the amended area is
planted to a forage crop, samples should be collected at the time of each harvest through the
growing season following application. If the site is to be grazed, samples should be collected
just before the land is grazed.

In agricultural production systems, sample the part of the plant that the livestock will be
consuming. If samples are being collected from a field of perennial forage, silage corn or cereal
to be harvested as green feed, sample the whole plant at the height the harvesting equipment
would cut. If samples are to be collected from grazing land, sample at the height that livestock
would normally graze. Large plants (e.g. silage corn) should be chopped and subsampled for
analysis. Smaller plants (e.g. forage grass and legumes, cereals, pasture or grazing land) can
be harvested and submitted to the laboratory whole or chopped before being submitted.

It is also acceptable to sample while forage is being harvested. If crop material is to become
silage, sampling of chopped material is much easier than field sampling. Collect a grab sample
of known volume from each load of silage as it is put into storage (one sample per load or 10
samples per field, whichever is smaller). If forage is to be put up as hay, field sampling pre-
harvest is easier than sampling hay in the windrow or in the bale.

Ensure the vegetation sample is free from contaminants that may occur as a result of
deposition of road dust. Samples should be representative of field conditions and collected
without bias or systematic contamination.

If field sampling, samples must be collected from the entire area where residuals were applied.
With soil sampling it is relatively straightforward to collect many samples from throughout a
sampling area. With vegetation sampling the task is more difficult. Generally fewer subsamples
are collected to make up the composite sample for analysis. Samples should be collected from
throughout the area to ensure areas are adequately represented. The choice of a suitable
sampling plan (as discussed in Section 6.3) and collection of an appropriate number of
samples will ensure adequate representation of the population.

One method is to conduct a simple random sample plan. Divide the sampling area into a grid
on paper, and assign numbers to each square on the grid. Randomly select several of the
squares to sample. Five to ten randomly chosen sites should be sampled in a sampling area,
depending on the size of the site. From each randomly selected sampling area, collect a grab
sample of material (making sure that each subsample is the same size) or sample a standard
area such as 0.5 m?. Combine these to create one composite sample per sampling area from
all samples collected. Typically at least 0.5 kg of the sample is required for analysis.
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If a more intensive assessment is required, the number of samples required to reach a specific
confidence level in your results can be determined. Consult statistical reference materials for
more detail and refer to Appendix 1 for additional information. Ensure that the areas sampled
for foliar constituents are delineated such that pre or post-application soil sampling results can
be of use in interpreting foliar constituent concentration.

12.5.1.2 Tree and Shrub Crops

Plant nutritional status is frequently reflected to a larger degree in the leaves than in other plant
organs. Thus foliage is frequently used for tissue analysis and assessment of plant response to
fertilization.

There are two basic types of tree foliar response to fertilization: increases in leaf size and
nutrient content of determinate species; and increases in leaf size, nutrient content and leaf
number in indeterminate species. Determinant trees are those which, when they set bud in the
fall prior to the dormant season, have a specific number of pre-formed foliar buds. Thus, with
any fertilization the following season, nutrients may be used to increase leaf size and nutrient
content, but not leaf number. Many conifers are determinant species. Indeterminate species
also have preformed buds but are also capable of producing buds that grow and expand within
the same growing season. Thus, with fertilization, nutrients may be used by the tree to increase
leaf number as well as leaf size and nutrient content. Many deciduous trees fall into this
category. Sampling foliage in a post-application monitoring plan must take the form of growth
into consideration.

Sample Collection Schedule and Materials Collected

Foliar nutrient concentrations vary with season, tree age, foliar age, leaf position in the crown,
recent seed production, fungal disease or insect damage, drought, flooding and soil factors
other than fertility. Many of these factors cannot be measured, but their effects on variability
can be controlled by standardizing the tissue sampled, and time of year sampling is conducted.

For conifers, sampling in the dormant season is generally recommended with the use of
dominant or co-dominant trees, collection from the upper third of the crown, the current year’s
foliage, and avoiding damaged trees or those with heavy cone crops. In addition, if samples
from several sites are being collected for comparative purposes all samples should be collected
within a short period and should be material of comparative age and sun exposure.

In general, N, P, K, and S concentrations in foliage of deciduous trees show a maximum in the
summer followed by a decline as the growing season progresses. Other elements may be
elevated early in the spring then decline; gradually increase over the growing season; or
gradually decrease over the growing season. To evaluate fertilization response to the
application of residuals on deciduous trees, it is recommended that foliar samples be collected
at optimum growing conditions before the onset of re-translocation of elements from the leaves
back into the trees (which occurs in the autumn, prior to leaf fall). Thus, depending on the
location within the province and the elevation of the site, sample collection periods may range
from mid July to the end of August.

As with sampling of coniferous trees, samples of deciduous trees are collected from the upper
third of the crown of undamaged trees. In terms of age of leaves to collect, one method is to
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collect leaves which have recently matured. On the terminal (leader) this condition might be
found seven or eight leaves down. On a lateral branch it might be four to six leaves from the tip.
In addition, if samples from several sites are being collected for comparative purposes all
samples should be collected within a short period and should be material of comparative age
and sun exposure. It should be noted that if leaves are collected from the terminal, all leaves
should be collected from terminals as they may have substantially higher nutrient
concentrations than leaves collected from lateral branches.

The best approach is to standardize the collection schedule and the material collected. In this
manner a database of information can be accumulated for comparisons within and between
sites.

Samples should be collected from the entire application area. If the site and tree growth on the
site are relatively uniform, a simple random sampling plan will be adequate. If there are
differences a stratified random sample plan or a systematic random sample plan may be more
appropriate. For a basic index of tree nutritional response to application of residuals, collect a
composite sample of 8 to 10 subsamples. If the application area is quite large consider
increasing the number of samples collected. Confirm the required volume of material for
analysis with the analytical laboratory.

If a more intensive assessment is required, the number of samples required to increase
statistical vigour can be estimated. Consult statistical reference materials or a qualified
professional for more detail.
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13 Considerations for Agricultural Applications

This chapter outlines BMPs for the environmentally safe and beneficial application to
agricultural land of residuals regulated under the OMRR and the SACoP. It addresses the
determination of application rates, site selection and management, appropriate application
timing and post-application site monitoring. A sample LAP is provided in Appendix 2. Detailed
background information on land application in general can be found in Chapter 10. The
information provided in this chapter builds upon the foundation provided in Chapter 10.

Biosolids, regulated under the OMRR, have become a widely accepted soil amendment for use
on agricultural sites over the past two decades. Throughout BC and the rest of Canada there
are many active agricultural land application programs using biosolids as a fertilizer for forage
grass, feed grains and silage corn (Photograph 27). Ongoing research programs, particularly in
the Pacific Northwest, continually add to the knowledge base about application of biosolids to
agricultural land.

Composting provides a management method for on-farm residuals to reduce the volume and
mass of residuals that must be handled. The use of compost, particularly those composed of
composted green waste and manure, is of interest in the rapidly growing organic sector of
agriculture. In addition to its well-demonstrated use as a soil amendment, compost use has
also been investigated in suppressing soil-borne plant diseases that can negatively impact
some agricultural crops.

The soil amending materials regulated by the SACoP have been used primarily on small scale
applications and have not yet been brought into widespread use on agricultural land in BC.
Large ongoing programs are common elsewhere in Canada and throughout the Pacific
Northwest. Our understanding of their use on agricultural land in BC is growing as they become
more widely used; future editions of this document will contain additional information as it
becomes available.
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Photograph 27: Silage corn fertilized with biosolids

SYLVIS

13.1 Objectives

In agricultural applications, residuals are used to provide nutrients for plant growth, or some
other demonstrable benefit to the crop on site such as pH adjustment and improvement of soil
physical properties. Residuals must be land applied with the same careful management
practices that are required when using manures and fertilizers. Application of residuals at
excessive rates, at the inappropriate time or incorrect location can lead to poor crop
performance, degradation of soil and/or degradation of water quality.

13.2 Notification

Part 4, Division 2 (Section 22) of OMRR and Section 9 of the SACoP provide information on
notification requirements for application of regulated residuals.

Under OMRR, all applications of managed organic matter in volumes greater than 5 m® require
notification of the Regional Waste Manager of the MoE. Under the SACoP, all applications of
soil amendments in volumes greater than 5 m® require notification provided to the Regional
Waste Manager of the MoE. Under both regulations, applications of residuals on agricultural
land or in a drinking water supply area (applies to both surface and groundwater drinking water
sources) require notification provided to the appropriate MHO. Applications on land in the ALR
require notification provided to the ALC. It is recommended that local government with
jurisdiction in the area in which the application is to occur also be informed.
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13.3 Site Selection and Management
13.3.1 Soil and Site Suitability Guidelines for Agricultural Sites

Factors most likely to influence site selection for agricultural applications include soil texture
and structure as they relate to soil infiltration, permeability, internal soil drainage, and
trafficability. Sites with coarse to medium-textured soils and with adequate organic matter
content are ideal for residual application. These soils usually have good infiltrability,
permeability, and internal soil drainage. For more information on soil management on
agricultural sites, consult the various soil management handbooks available from the BC
Ministry of Agriculture and Lands.

13.3.1.1 Depth to Groundwater Table

Soil drainage is an important factor in site trafficability. Soils with an elevated groundwater
table, particularly finer-textured soils, will have reduced ability to withstand the weight of heavy
farm machinery. The OMRR requires that Class B biosolids and compost must not be applied
to land where the groundwater table is within one meter of the soil surface at the time of
application. Similarly, the SACoP requires that applications of pulp and paper residuals
containing domestic sewage must adhere to the same depth to groundwater restriction. Where
groundwater depth is of concern, residuals applications should be conducted to coincide with
low water table levels.

Coastal sites usually have elevated groundwater tables beginning in late fall and continuing
through winter and into late spring. Interior sites may be less restricted in late fall, depending
upon frost and snowfall.

As an indication of the depth to groundwater, the qualified professional should observe the
agricultural fields for the presence of standing water or assess the water level in drainage
ditches. If no visual indicators are present, digging or core sampling to a depth of one meter is
recommended. A periodic high water table can also be inferred by soil color. Dull gray or bluish
colors in subsurface soil horizons indicate reduced or anaerobic (poorly drained) soil
conditions, usually resulting from permanent water saturation. Soils with evidence of bright
orange or red blotches (“mottles”) in the subsurface soil horizons indicate conditions of periodic
inundation.

13.3.1.2 Soil Depth and Permeability

Soil depth or volume and the presence/absence of restricting or impermeable layers will also
influence suitability of a site for residuals application. Soils that are shallow, have a high coarse
fragment content, and either restricting or impermeable soil layers have less soil volume
available to absorb and disperse added water and soil nutrients. These soils may also have a
greater potential for surface runoff, surface soil erosion, or subsurface leaching losses.

Agricultural soils that have been puddled or compacted should be avoided as potential sites for
residuals application due to their reduced soil infiltration, permeability, and internal soil
drainage. Where cultivation of the site is possible prior to application these limitations may be
reduced. Soils which have been puddled or compacted usually have fine soil textures and often
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the soil structure has been destroyed. Cultivation of sites that have been puddled or compacted
may be limited by soil water content or depth to groundwater table.

13.3.1.3 Artificial Drainage and Nutrient Loss to Surface Water

Artificial tile drainage is often installed on agricultural lands to control soil water content, and to
lower the level of the groundwater table. By lowering the level of the groundwater table and
controlling the soil water content, the trafficability of the site is improved earlier in the season,
allowing for a greater period of access to the site. Artificial drainage also allows earlier soil
warming, better aeration and improved conditions for the growth of plant roots.

Because subsurface tile drains flow into open ditches which may then flow into bodies of
surface water, care must be taken with the application of liquid residuals, particularly high
nutrient residuals, where the potential exists for movement of liquid through the soil and into
drains. Liquid residuals can move directly through the soil and into tile drains by way of soil
cracks and macropores. On annually cropped fields, where the soil has not been tilled since the
previous spring, liquid residuals can flow through soil pores and directly into drains within a
short time following application. Annually cropped land that is tile drained should be disked
prior to residual application to break up soil macropores and reduce the potential of direct
movement into drains.

Phosphorus is undesirable in freshwater lake systems because it causes eutrophication, which
depletes oxygen in fresh water. Phosphorus is relatively immobile in soil and does not leach in
a similar manner as NOs". Substantial amounts of P can, however, move into tile drains and
into surface water under certain soil conditions. Small soil particles can move through the soil
macropores, cracks and worm holes into tile drains following irrigation or rain. As the
concentration of P in the soil increases, the amount of P moving into the drainage system
adhered to soil particles increases. This problem is exacerbated on annually cropped land
where the soil is left bare over winter, allowing development of worm hole networks and on clay
soils where deep cracks form during dry weather. It is recommended that tile drained fields with
an elevated concentration of P be avoided for application of high nutrient residuals, or that a P-
based application rate be used on the site. For more information, consult the BC Agricultural
Drainage Manual, available from the BC Ministry of Agriculture and Lands.

13.3.1.4 Irrigation

Irrigation of agricultural crops provides water to the crop during periods of soil moisture deficit.
It is critical for crop production through much of the interior of the province, and for short
periods in summer in the south coastal region. Irrigation should replenish the soil water in the
top 60 cm of soil. If fields are over-irrigated, there is a serious potential for leaching of NOj3
from the root zone throughout the growing season. Irrigation systems must be rotated around
the field frequently enough to avoid over-watering the soil thereby reducing the potential for
NOj leaching below the root zone.

Over-irrigation can also cause surface sealing of the soil, which reduces the infiltration rate of
water into the soil. The creation of a surface seal increases the potential for surface runoff and
the risk of surface soil erosion. For more information, consult the BC Sprinkler Irrigation
Manual, available from the BC Ministry of Agriculture and Lands.
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13.3.1.5 Slope, Aspect and Topography

A discussion on slope, aspect and topography is presented in Section 10.2.5. The potential for
surface runoff, surface soil erosion, and subsurface leaching losses increases on sloping sites.
Soils situated on a slope which have been puddled or compacted, have a shallow soil volume,
or have restricting or impermeable layers close to the soil surface have the greatest limitations
for residuals application.

The risk of surface runoff and surface soil erosion increases as the slope angle and length
increases. The potential for runoff is greater on sites with fine textured soils that have a slower
infiltration rate as compared to coarse-textured soils. Site aspect also has an important
influence on the potential for surface runoff on sites that experience significant snow
accumulation in winter. Snow covered south facing slopes can melt quickly under warm, sunny
conditions in early spring, leading to significant surface runoff.

Slope angle and uniformity also influence site suitability. Sites with long, uniform slopes have
greater limitations than sites where the topography is broken and irregular. Sloping sites
situated directly above a body of surface water have greater management challenges than
sites sloping away from surface water.

Sloping sites that are vegetated have a greater ability to absorb and utilize applied water and
nutrients than sites with bare soils. The potential for surface runoff or subsurface leaching
losses is reduced on sloping sites that are vegetated.

Sloping sites may be utilized for application of residuals if management practices minimize
surface soil erosion and reduce the potential for pollution of water sources. The risk of surface
runoff and soil erosion increases as the slope angle and length increases. Runoff potential is
greater on south facing slopes during snowmelt. Fine-textured soils absorb water more slowly
than coarse-textured soils, and thus may have an increased risk of runoff and should be
avoided. Avoid sites where a combination of these factors will increase the risk of surface
runoff. The selection of sites with short irregular slopes that slope away from surface bodies of
water, the selection of vegetated sites, or adoption of soil conservation practices on sloping
sites with bare soil will reduce suitability limitations on sloping sites.

Soil conservation practices include the utilization of cross-slope or contour farming, where
cultivation occurs across the slope, rather than directly down slope which may encourage rill
erosion. The use of diversion terraces, or low ridges constructed at intervals across a slope will
reduce the velocity of any surface runoff, trapping water and soil particles, and allowing more
time for water movement into the soil. Creation of a vegetated spillway for any additional
surface runoff will allow water to be removed from the slope without causing excessive surface
soil erosion. The incorporation of crop residues on soils will also increase surface roughness
and soil infiltrability, reducing the risk of surface runoff.

13.3.2 Buffers, Required Signage, Access Restrictions, and Site Access

For information on buffers, required signage, access restrictions and site access, refer to
Section 10.6.3.
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13.3.3 On-Site Storage

Section 10.6.6 discusses on-site storage requirements in detail. Refer to Part 4, Division 1 of
the OMRR (Section 16) and Part 2 of the SACoP for on-site storage requirements. On-site
storage requirements apply to Class A and Class B biosolids, Class B compost, fly ash, pulp
and paper residuals and WTR only; there are no storage requirements for Class A compost,
lime wastes or wood residues. It is recommended that these residual stockpiles be managed
using the same requirements.

Residuals stockpiled at a site for a period of time before they are land applied must be
managed to prevent runoff or leaching of contaminants from the stockpile. Buffers from
watercourses must be observed in all areas of the province. In the areas of the province
specified by the OMRR and the SACoP, managed organic matter and soil amendments must
be covered from October 1 to March 31 to prevent leaching and runoff.

13.3.4 Crop Suitability and Growing Restrictions

There are grazing and growing or planting restrictions after application of residuals with a fecal
coliform concentration of > 1,000 MPN g™ dw. The purpose of these restrictions is to prevent
the direct ingestion of the residual by domestic animals and to allow time for pathogen
reduction. After application of the residual to the soil, sunlight, lack of moisture, heat and other
environmental factors facilitate pathogen mortality.

Domestic animal grazing is restricted for 60 days on sites that have received Class B biosolids
or Class B compost with fecal coliform concentrations > 1,000 MPN g dw. Restricted animal
grazing is recommended for 60 days for sites that have received pulp and paper residuals
containing domestic sewage with a fecal coliform concentration > 1,000 MPN g™ dw. It is also
recommended that harvesting of feed crops be restricted for 60 days.

On sites that have received Class B biosolids or compost, crops for human consumption with
the edible portion located above ground cannot be grown for 18 months. If the harvested parts
are located below ground, the crop cannot be grown for 38 months.

Planting restrictions pertain to pulp and paper residuals containing domestic sewage with a
fecal coliform concentration > 1,000 MPN g dw. For sites applied with these residuals, the
land owner must not allow the planting of food crops for 18 months if only the parts growing
above the surface of the land are harvested or for 38 months if the parts growing below the
surface are harvested for human consumption.

Due to the length of the growing or planting restriction period, residuals with a fecal coliform
concentration > 1,000 MPN g’ dw are not suitable for use on land used to grow crops for
human consumption. Livestock feed crops are suited for applications of these residuals
provided that the recommended 60 day harvesting restriction is observed. The following section
identifies management considerations for application to various feed crops.

There are no growing, planting or grazing restrictions for applications of Class A biosolids or for
soil amendments that do not contain domestic sewage.
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13.3.4.1 Forage Stands (grass or grass-legume) - Dryland or Irrigated, up to 40% Legumes

Fertilization of forage stands is a good agricultural use for high nutrient residuals such as
biosolids and secondary pulp and paper residuals. Forage stands offer flexibility for timing of
application. They require a substantial amount of N during a cropping season, and can make
use of the gradually released N from these residuals in particular. Residuals can be applied to
forage land when a field is ploughed and re-seeded in spring (or fall in dry parts of the
province) provided there will be a 60-day period before the first cut is removed. They can be
applied to existing forage stands provided that grazing and cropping are restricted for 60 days.
In areas where the first cut of forage is taken off in late June or early July, early spring
applications to existing stands are appropriate. When the first cut is removed in early or mid-
May, spring applications may not allow for a sufficient waiting period. In dry areas of the
province, fall applications on existing grass stands are acceptable providing there is minimal
potential of runoff during spring snow melt. Fecal coliform containing residuals cannot be used
as a fertilizer top-up between cuts as the inter-cropping period is too short.

Refer to Sections 13.4.1 and 13.4.2 for a discussion of application rates to use when
renovating forage stands.

Applying residuals to existing grass swards requires special consideration. Residuals should be
applied immediately following harvest. The application must not physically smother the grass
stand; the stand can be irrigated following the application to wash the material off the grass and
assist in moving nutrients into the soil.

Annual dry matter yield from a forage stand can vary from 1 t ha™ from an older stand on a
dryland site to 18-20 t ha™ from an irrigated, intensively managed forage stand. Forage protein
content can vary from a low of 8% to a high of 25%. Variations in yield and crop protein content
can have a significant impact on the crop’s N requirement. Should yield and protein data be
available, these values can be used to calculate the crop’s N requirement rather than average
values provided in Table 12.

13.3.4.2 Pure Legume Stands and Mixed Alfalfa Legume Stands with > 40% Legumes

Alfalfa and other legume stands are not well suited for application of high N residuals (legume-
grass mix stands containing up to 40% legumes are acceptable). The N-fixing capability of the
legumes reduces the N requirement from fertilizer. If legume stands are fertilized regularly, they
do not fix atmospheric N, and once heavy fertilization of a legume stand begins, fertilization is
typically required for the life of the stand. A one-time application of biosolids or other high N
residual will not provide sufficient nutrients for the lifetime of the stand, requiring the producer
to continue to apply chemical fertilizer and not receive the benefits of the stand’s N-fixing
capability. Legumes require a substantial amount of K that is not supplied in large quantities by
biosolids (other residuals contain more of this nutrient); supplemental K fertilization may be
required.

13.3.4.3 Silage Corn

Silage corn for livestock feed is a standard crop on most dairy farms in BC and is also suitable
for biosolids or other high N residual. The long growing season of corn fits well within the
recommended 60 day cropping restriction. The residual can be applied and tilled in prior to
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seeding and will provide most of the fertilizer nutrients needed by the silage corn during the
growing season. The crop may require additional N fertilizer during the early rapid growth
period and the residual may not be able to supply enough available N to meet the crop’s needs
during this time. This additional fertilizer N must be considered when determining the residual
application rate.

The annual dry matter yield of a crop of silage corn can vary from under 5 t ha™ to as high as
20 t ha. The crude protein content of silage corn can vary from 4 to 20%. As with forages, a
more accurate crop N requirement can be determined from historical crop yield and protein
data than from average values such as are given in Table 12.

13.3.4.4 Cereal Forages

Cereals grown as ‘green feed’ for livestock feed are harvested whole before the grain matures.
Oats and barley are the most common grains grown for this purpose, and they are either
ensiled or dried and baled for winter livestock feed. Cereal forages can make excellent use of
the nutrients in biosolids and other high nutrient residuals. As with silage corn, cereal crops
may require supplementary N to meet crop requirements early in the growing season. This
additional N must be accounted for in the residual application rate.

Typical dry matter yields of a single cut cereal crop for livestock green feed ranges from less
than 2t ha” to 12-14 t ha™. Crop crude protein content will range from 5 to 18%.

13.3.4.5 Grain (for livestock feed) and Grass Seed Crops

Grain and grass seed crops (provided the grain is grown as livestock feed) are well suited for
application of harvest-restricted residuals (but cannot be used on sites where grain for human
consumption will be grown within 18 months). As with silage corn, grain and grass seed crops
may need supplemental N fertilizer early in the growing season to provide the concentration of
available N the crop requires, and this will reduce the allowable application rate of the residual.

13.3.4.6 Rangeland
Refer to Section 13.7 for a complete discussion on the use of residuals on dryland range.
13.3.4.7 Other Crops

Other crops suitable for residuals with fecal coliform concentrations which are
> 1,000 MPN g dw, include turf, ornamental plants and fibre crops. To minimize public contact
with the residuals, a 60 day restriction period is recommended prior to distribution.

13.3.5 Vector Attraction Management for Class B Biosolids, Pulp and Paper Residuals
with Domestic Sewage

Under OMRR, Class B biosolids must undergo a vector attraction reduction process at the
treatment plant. If biosolids have not met this requirement, they must be managed on-site to
reduce vector attraction. On most agricultural sites, the appropriate management method is to
inject or incorporate the biosolids into the soil, or an alternate management method that
accomplishes the same level of vector attraction reduction. Injection of biosolids is the
preferred management method however, if biosolids are surface applied, they should be
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incorporated within 1 hour of application. The OMRR requires incorporation within 6 hours of
application.

The SACOP requires that pulp and paper residuals that have been mixed with domestic
sewage, and have a fecal coliform concentration > 1,000 MPN g, be managed on site to
prevent the spread of disease and pathogens by vectors. The LAP must set out the specific
management methods that will achieve this goal. On most agricultural sites, these residuals
should be incorporated into the soil on site by tillage or injection. On remote and inaccessible
sites, surface application without incorporation may be acceptable. The qualified professional
must assess the site and determine the appropriate management method.

13.4 Application Rates of Residuals on Agricultural Land

Both the OMRR and the SACoP require that applications of residuals to land be made on an
agronomic basis to provide a pre-determined concentration of nutrients to the crop, to meet
defined soil conditioning goals or to provide benefit to the soil or vegetation on site. The types
of organic matter regulated by the OMRR and the SACoP vary considerably in their
characteristics and therefore in the basis for their application to agricultural land.
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The various residuals regulated by the OMRR and the SACoP can be divided into three broad
categories for application rate determination:

¢ high nutrient residuals which are applied to meet the N or P requirement of the crop
on site including: biosolids, secondary pulp and paper residuals, some mixed pulp
and paper residuals, WTR, and some types of compost;

e liming materials which are normally land applied to sites that require liming to bring
the pH into the desirable range for crop production including: fly ash, lime residuals
and lime-stabilized biosolids; and,

¢ high organic matter residuals that contain low concentrations of nutrients and have a
high C:N including: wood wastes, primary pulp and paper residuals, paper recycling
residuals, and some types of compost.

Generic information on developing application rates for each of these residuals is found in
Chapter 10. Chapter 5 discusses the characteristics of each of the residuals and Chapter 10
discusses application rate determination for each type of residual; the information contained in
those chapters will be required when developing agronomic application rates for agricultural
applications and should be read before reading this chapter. This chapter contains
supplemental information specific to applying these residuals to agricultural land, building upon
the information provided in Chapters 5 and 10.

13.4.1 Nitrogen Based Application Rates of High Nutrient Residuals

Nitrogen is normally the rate-limiting nutrient for crop growth, and is the nutrient that is most
likely to result in an adverse environmental impact when over-applied to soil. Applications of
high nutrient residuals are normally based on providing the crop’s N requirement for a single
growing season. Under certain circumstances, such as when the soil P concentration on a site
is elevated due to previous nutrient additions, the application rate may be based on providing
the crop’s P requirement. Section 10.4.1.2 provides an example of sites where a P-based
application rate is advisable. In dry areas of the province, it is acceptable to provide the crop’s
N requirement for two growing seasons. Section 13.4.2 provides information on multi-year N
application rates.

The following subsections outline the information needed, and steps required in calculating an
application rate based on the various different nutrient management goals for the site. Refer to
Chapter 10 for detailed background information and Section 13.4.8 for sample calculations.

13.4.1.1 Determining the Crop’s Agronomic Nitrogen Requirement

An agronomic N application rate provides the crop’s N requirement for one growing year. The
agronomic N application rate is a function of the type of crop, its expected yield, the climate and
growing season length, water availability to the crop during the growing season and the amount
of available N in the soil. Table 12 lists the agronomic N requirements for forages, silage corn
and cereals.
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The crop’s N requirement is based on:

e crop type - grass and grass-legume forage stands, silage corn or cereals cut as
forage;

e expected yield - a combination of climate, water availability (irrigated crops have a
higher yield), age of stand, and management;

e region of the province - Coastal and Southern Interior forage crops generally have a
higher yield and protein content than those grown in the Central Interior or Peace
regions; and,

o site fertility - sites with poor fertility will require more N to meet crop yield objectives
because the soil will contain little residual N and there may be some immobilization
of N following application of biosolids or other residuals.

For agricultural crops not listed in Table 12, information can be found in fertilizer guides or from
a soil test fertilizer recommendation. If a more comprehensive method of determining the crop’s
N requirement is desired, or for more detailed information than is contained in this chapter,
refer to the references provided in Section 13.9.

The crop’s N requirement will depend partly on the past fertility of the site. The site’s fertility
must be assessed as high, low or very low before the crop’s N requirement can be determined.
To determine the N requirement of a crop to be grown on a high fertility site, refer to the values
in Column 3 of Table 12. Requirements for crops to be grown on low and very low fertility sites
are provided in Columns 4 and 5; assessment of low fertility sites is discussed below. The crop
information required can be obtained from the producer.

13.4.1.2 Crop Nitrogen Requirement on High Fertility Sites

Fields that have been applied with manure annually and/or have received agronomic
applications of fertilizer over many years will have high fertility. These soils contain a large pool
of organic N as the result of previous nutrient applications; mineralization of the organic N pool
provides a significant amount of N during the growing season. However, it is difficult to
accurately predict how much N will be released from the soil's pool of organic N during a
growing season. Therefore, it is assumed that a high fertility soil will mineralize approximately
20% of the N required by a crop, and that the remaining required N must be applied in fertilizer
sources (fertilizer N, manure, residual). The crop N requirement values for high fertility sites in
Table 12 are based on providing 100% of the N that will be taken up by a crop, even though the
soil on a fertile site is expected to contribute a portion of the crop’s requirement. This
application rate adjustment is necessary as N assimilation by the crop is never 100% efficient,
not all of the plant-available N in the soil (or that added in nutrient additions) will be utilized by
the crop. The 20% applied in excess of actual crop uptake represents the crop’s inefficiency of
N utilization. If a cover crop or sward is turned under, it will mineralize additional N which must
be considered separately. This is discussed below.

Most intensively managed fields in the South Coastal and Okanagan-Shuswap regions of BC
will have high fertility, and can be assumed to provide the 20% of crop N as in Column 3 of
Table 12. A site fertility assessment should be made before determining the crop’s N



OMRR and SACoP Land Application Guidelines Page 167

requirement; sites with lower fertility will require additional N to compensate for the soil’'s
inability to contribute a portion of the crop’s requirements, and for immobilization of N.

13.4.1.3 Crop Nitrogen Requirement on Low and Very Low Fertility Sites

Sites that have received very little nutrient additions (chemical fertilizer or manure) in the years
before proposed residual application, or that have poor fertility for other reasons will contribute
a very small amount of the N required by the crop. Sites may be so N deficient that a significant
amount of the added N becomes immobilized, resulting in a N deficient crop after fertilization.
On these sites, the crop N requirement must be increased to account for N immobilization and
to provide the additional N that is otherwise assumed to come from residual soil N. If the N
requirement is not adjusted, crop yields may be significantly reduced.

A low fertility site is one that has received infrequent manure applications (e.g. every two years
or less) and that has received only average chemical fertilizer application. On such a site,
nutrient additions in chemical fertilizer or manure will have been sufficient to meet crop
requirements, but not allow any build-up in the soil of nutrients. On this type of site, use the
crop N requirement values listed in Column 4 of Table 12.

A very low fertility site is one that has received only very small, infrequent applications of
manure and small amounts of chemical fertilizer yearly (35 kg ha™ of N or less). On these sites,
historical nutrient additions will have been lower than crop requirements, allowing for a minimal
organic N pool in the soil. Sites that have been recently cleared from forest or brush and
minimally fertilized will have very low fertility. Sites that once received regular nutrient additions
but that have been cropped for several years without the addition of nutrients may have very
low fertility. Fields in alfalfa or another legume that is N-fixing cannot be considered to have
very low fertility. On a site assessed as having very low fertility, use the crop N requirement
values found in Column 5 of Table 12. Once a site has been amended with N (as in Column 5),
it is assumed to be a fertile site. It should not require amendment unless several years of
cropping occur on the site without adequate nutrient addition.
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Table 12: Nitrogen requirements of perennial forages, silage corn and cereals for the Central

and Southern Interior of BC and Coastal BC

Column 1 Column 2 Column 3 Column 4 Column 5
Expected Expected High Low fertility Very low
yield of yield of (normal) site fertility site
crop crop fertility site
tha” tacre” N required | N required | N required
(D.M.) (D.M.) (kg ha™) (kg ha™) (kg ha™)

Grass and Grass-legume mix stands for hay or silage production (up to 40% legumes)

A. Coastal and Southern Interior of BC (dry matter yield)
(ave. protein content = 16%)

4 1.8 100 150 200
6 2.7 155 205 255
8 3.6 205 255 305
10 4.5 260 310 360
12 5.4 310 360 410
16 7.2 410 460 510
B. Central Interior and Peace (dry matter yield)
(ave. protein content = 12%)
4 1.8 80 130 180
6 2.7 115 165 215
8 3.6 150 200 250
10 4.5 190 240 290
12 54 230 280 330
Silage corn - whole province (dry matter yield)
(ave. protein content = 8%)
10 4.5 130 180 230
15 7 190 240 290
20 9 260 310 360

Cereals — 1 cut, whole crop cut for forage (dry matter yield)
(ave. protein content = 11%)

4 1.8 70 120 170
6 2.7 110 160 210
8 3.6 140 190 240
10 4.5 180 230 280
12 5.4 210 260 310

Adapted from ‘Environmental Guidelines for Poultry Producers, 2" Edition’ BCMAF, 1997
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Notes:

e Crop N requirement values in column 3 assume the field has been regularly
supplied with nutrient additions in manure or fertilizer; 20% of crop’s N requirement
assumed to come from soil organic N. If site has never or infrequently received
nutrient additions, see Section 13.4.1.3 and use the values in Columns 4 and 5.

e If the crop protein level is significantly different than the values given above,
recalculate N requirement using correct protein level (crop protein = crop N level x
6.25).

e Crop N requirement values assume no volatilization losses of NHj. If volatilization
losses are expected, use values from Table 12 and increase application rate
accordingly.

13.4.1.4 Accounting for Other Sources of Nitrogen

Other sources of N available to the crop must be considered when determining a residual
application rate. Crop N requirements provided in Table 12 assume that the site has been
fertilized frequently and adequately; the amount of residual N that previous amendments will
contribute to the crop has been factored into the crop N requirement. Therefore it is not
necessary to consider the N contribution from previous manure or residual applications or
previous fertilization.

A recently ploughed-down legume or green manure crop will contribute some N to the crop.
Nitrogen addition from these crops is normally between 35 and 110 kg ha™ yr', depending on
whether a grass or legume cover crop was grown and the yield of the crop. A value in the
middle of the range is appropriate if specific information on the ploughed-down crop is not
available.

In the Interior, an application of liquid or solid manure made to the site since the previous year’s
crop was taken off (such as a fall manure application) will contribute substantial N to the
following year’s crop and this contribution must be subtracted from the residual N requirement.

If fertilizer N is to be used during the cropping season, this must be subtracted from the total N
requirement to be supplied by the residual. For example, a small amount of fertilizer N may be
applied as a side-dress for silage corn when the crop is in its rapid growth stage.

13.4.1.5 Nitrogen Available to the Crop from the Residual

Analyzing the residual for total N (), NHs*, NOs; and total solids will provide the required
information to determine the amount of N available from an application of the residual. The
inorganic fraction (the NH,* and NO3") will potentially be available for crop growth in the year of
application. A portion of the organic fraction (total N less NH;* and NOj3") will be mineralized to
available N in the year of application. The sum of the inorganic fraction plus the mineralized
organic N is the amount of N that will be available from the residual in the year of application.
Values are normally expressed as kg per dt.

The fraction of organic nitrogen that will mineralize in the year of residual application will vary
with the type of residual to be applied, application method, climate and rainfall (including
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irrigation). Table 10 contains estimated mineralization rates of the organic fraction of biosolids
N in the year of application for varying cropping and climatic conditions throughout BC. Organic
N will mineralize 10 to 40% in the year of application, depending primarily on climate and
growing season moisture. First year mineralization rates do not differ significantly between
aerobic and anaerobic biosolids, or between biosolids that have been dewatered, air-dried or
heat-dried. Lagoon stored or composted biosolids mineralize significantly less N than fresh
biosolids. Mineralization of N from lime-stabilized biosolids is typically at the high end of the
ranges provided.

In the two years following application, N will continue to be released from biosolids but at a
much slower rate. It is estimated that in the year following application, 10% of the remaining
organic N will be mineralized and in the third year, 5% of the remaining organic N will be
released. The remaining organic N will become part of the pool of soil organic matter.

Specific information on the mineralization of N from other high nutrient residuals is not
available. It is assumed that mineralization of N in other residuals is similar to or slightly less
than from biosolids.

13.4.1.6 \Volatilization Losses of Nitrogen from Residuals during Land Application

Much of the NH,* from residuals can be lost during land application depending on the moisture
content of the material, whether the residual is incorporated into the soil, and temperature and
wind speed on the days following application. Table 13 can be used to estimate NHj
volatilization losses during and following residual application. This data is from studies on
biosolids but is expected to be relevant to similar high nutrient residuals.

Table 13: Estimated ammonia volatilization losses from biosolids applied to agricultural land

Volatilization rate

Application method (% of NH; loss)
Liquid Dewatered

Incorporation by tillage

0-2 days to incorporation 20 40

3-6 days to incorporation 30 50

> 6 days to incorporation 40 60
Injected 5 5
Composted or drying bed biosolids 5 5

Adapted from Managing Nitrogen from Biosolids. Henry et al., 1999.
13.4.2 Application Rates Based on Multi-Year Nitrogen Additions

For most applications of residuals, the appropriate application rate provides the crop’s N
requirement in the year of residual application. However, in certain cropping situations it is
acceptable to exceed the one-year agronomic application rate. In the Interior of BC where
annual precipitation is low and soils are frozen for the winter months, there is little potential for
leaching loss of NOj3™ during or after the growing season. Although the potential for leaching
exists under irrigated fields, normal irrigation will replenish the moisture in the top 60 cm of soil
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only and thus will not transport NO3™ out of the root zone. Much of the residual soil NO3;™ will be
available for crop growth the following spring.

In dry areas of the province, it is acceptable to use an application rate of residual equivalent to
up to two years N requirement for the crop when renovating forage fields. For agricultural
applications, it is not acceptable to apply more than a two year requirement for N. This practice
allows the producer to provide the crop’s nutrient needs for two years following seeding, and till
the residual into the soil at the time of seeding where the nutrients are fully accessible to the
growing crop. In subsequent years until the field is reworked, chemical fertilizer can be surface
applied to meet crop nutrient requirements.

In the year a field is reseeded, the forage yield will be significantly lower than during the
following three or four years. A typical yield of forage grass or grass:legume mix in the Interior
is 4-8 t ha™ (dw) in the establishment year and 6 to 12 t ha” (dw) in the years following,
depending on whether or not the field is irrigated, and on the level of fertilization. When
calculating an application rate based on a two-year N requirement, the lower N requirement
during the establishment year should be considered. The producer can estimate the expected
yield for the forage stand in the establishment year and years following.

When the residual application rate is based on a two-year N requirement, the following
approach is recommended:

e Forage should be tested for NO3 at harvest if forage NOj3 is suspected to be
elevated. The forage may accumulate a high concentration of NOj3™ in the year of
residual application, with excess NOj’ in the soil.

e Caution should be used if high rates of irrigation are used. Ensure that irrigation on
site is not excessive. If this is not possible, do not use a two-year application rate.
There will be excess NOj3 in the soil profile through the growing season from the
increased application rate that may move down into groundwater if the site is over-
irrigated.

o Two-year application rates should not be used if the proposed site is on a river or
stream floodplain where seasonal flooding or high water table may occur.

o Coarse-textured soils (sandy, high percentage of coarse fragments) will be more
susceptible to leaching losses than fine-textured soils, facilitating NO;” movement.
This is a consideration in conjunction with irrigation.

If the forage is over-seeded with a cereal cover crop in the year of planting, the excess
available N during the first growing season may cause the cereal to grow excessively tall and to
lodge before it can be harvested.

13.4.3 When to Use Phosphorus Based Application Rates

When applying high P residuals on sensitive sites with an elevated background soil
concentration of plant-available P, a P-based application rate should be considered. See
Section 10.4.1.2 and the discussion below. In addition, application rates of Al and Fe-
containing WTR should be partially P based as they contain a significant amount of P and can
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bind soil available P. Section 10.4.1.2 provides more information on application rates of these
residuals.

When a residual such as biosolids is applied to meet the N requirement of a crop, P may be
applied at twice the amount required by the crop. Because P is immobile in the soil and crop
requirements are low relative to requirements for N, the soil concentration of P can become
excessive if amendments are regularly applied to a site (e.g. frequent applications of manure).
On sites that have an elevated soil concentration of P and that are considered sensitive (i.e.
there is risk of transport of P from the site into surface water), it is recommended that a P based
residual application rate be used. In this case, only as much P as the crop is expected to use in
the current growing season should be applied to the site. The soil P concentration should not
continue to increase. This will result in an application rate of residual of less than half of what
would be applied to meet the N requirement. Sensitive sites with an elevated soil concentration
of P should be avoided as residual application sites in the context of soil P concentrations
because the appropriate application rate may be so low that there will be little benefit to the
crop in terms of other nutrients, particularly N.

Refer to Section 10.4.1.2 for information on developing an application rate based on meeting
the P requirement of the crop on site. Refer also to Section 10.3.2 for a discussion of the forms
of P in soil and residuals. Section 13.3.1.3 provides a discussion of P movement into surface
water through tile drains.

13.4.4 Use of Liming Amendments on Agricultural Land

Fly ash contains a substantial amount of all macro and micro nutrients except N; care should
be taken to ensure that the application of ash does not oversupply the soil with nutrients or
induce a nutrient imbalance. Sites already oversupplied with nutrients, particularly K and B,
should be used with caution as an excess of these nutrients can negatively impact vegetation
quality and livestock health.

Refer to Section 10.4.3 for information on developing an application rate for an alternative
liming material and for specific information on managing the various liming materials regulated
under the OMRR and SACoP.

13.4.5 Use of High C:N Residuals on Agricultural Land

Refer to Section 10.4.2 for general information on high C:N residuals and how to develop
application rates for such materials.

13.4.6 Balancing Soil and Residual Phosphorus and Potassium Additions

Residual and receiving soil concentrations of plant available P and K should be assessed when
determining an application rate. Receiving soils can have an excess or deficiency of these
nutrients. In most cases, biosolids contain insufficient K to meet crop requirements, and
supplementary fertilizer will be required unless soil reserves are adequate. Other residuals
such as wood ash contain a substantial amount of K, and consideration is required to avoid
excess additions to the soil.

Some sites, due to long term addition of organic amendments and fertilizer, may have elevated
soil concentrations of plant available P and K. Such sites are identified through soil sampling
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prior to the residual application. Request the laboratory perform plant-available P and K soil
analyses. This data will be provided in mg per kg and the soil concentration typically rated as
low, medium, high or excess. Sites with crop available P and K in the high to excess range
have sufficient soil reserves to meet crop requirements for at least one growing season.

A fertilizer recommendation for P and K for the crop to be grown on the site should be
requested with the soil analysis, and considered in determining whether supplemental fertilizer
will be required in addition to the nutrients provided by the residual. The amount of P and K that
will be applied in the residual should be determined and compared with the fertilizer
recommendation for these nutrients.

In general, most of the K in residuals is plant available, however, an analysis of plant-available
K will give a more accurate determination of availability. The fertilizer recommendation will
assist in determining if supplemental K fertilizer is required to assure normal crop vyield. Sites
with long-term nutrient additions may have an elevated soil K concentration sufficient to make
up the shortfall in the application for one or two growing seasons.

Fertilizer recommendations are given in phosphorus pentoxide (P-Os) and potassium oxide
(K20) equivalents. Residual laboratory data is given in elemental concentrations of N, P and K.
To convert P,Os to elemental P, multiply by 0.44 and to convert K,O to elemental K, multiply by
0.83.

13.4.7 Soil pH and EC

It is important that applications of high nutrient residuals such as biosolids, secondary pulp and
paper residuals and WTR be made to agricultural soils within the pH range of 6 to 7.5,
particularly if the residual has elevated concentrations of aluminium and/or Fe. Solubility of
some trace elements increases as soil pH decreases, particularly below pH 5. Low pH soils
should be amended with lime to bring their pH into the acceptable range for the production of
agricultural crops before being amended with these residuals.

The optimal use of liming residuals is to increase the soil pH. A residual which has a high pH
and contains a significant amount of nutrients, should be applied to a low pH site which is also
nutrient deficient.

Avoid sites with an elevated EC.
13.4.8 Sample Calculations for Nitrogen-based Application Rate of Biosolids

The following is a six step sample calculation for the determination of a N based biosolids
application rate.
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Step 1 Gather information on the biosolids and the crop

Biosolids information

Type _ Anaerobically
digested, dewatered

Nutrient concentrations Percent kg tonne™ (dry)

Total Kjeldahl N (TKN) 4.3 43

NH,*-N 0.86 8.6

NO3-N 0.08 0.8

Organic N (TKN — NH,"-N) 3.44 34.4
Application method Surface applied Disked in 2 days later

Crop information

Type Forage grass, irrigated
Area of province Southern interior
Expected yield 8tha”
Site fertility Low
Crop N requirement 255 kg ha™ available N
Supplemental fertilizer N used? No
Green manure ploughdown? No

Step 2 Determine crop’s N requirement from Table 12 or fertilizer guidelines, less N additions
from supplemental fertilizer N or green manure ploughdown.

Crop N requirement 255 kg ha™ available N from biosolids
Less other N additions 0
Total reqwre@ avgnlable N from 255 kg ha
biosolids

Step 3 Calculate the amount of available N per dt of biosolids

-1
Use the kg tonne™ data for Organic N = 34.4 kg tonne”

Sraanic N, NH,"-N = 8.6 kg tonne”
4+ -N and _ 1
A. Mineralized organic N Available organic N = 34.4 kg tonne™ x
=kg tonne™ x mineralization rate .3 (30% min. rate)
(Table 10) =10.3 kg tonne™

Available NH,*-N = 8.6 kg tonne™ x 0.6
(40% volatilization loss)
(100% - 40% = 60%)

B. Available NH,*-N
=kg tonne™ x fraction not volatilized

(Table 13) = 4.3 kg tonne™
C. Available NOz-N = kg tonne™ Available NO3-N = 0.8 kg tonne™
Total available N in biosolids Total available N in biosolids =

=A+ B + C above 10.3 + 4.3 + 0.8 = 15.4 kg tonne™
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Step 4 Calculate application rate of biosolids

Crop N requirement (kg ha'1) From step 2: crop N requirement

=255 kg ha™
Available N in biosolids From step 3: available N in biosolids =
(kg tonne™) 15.4 kg tonne™

Application rate of biosolids
(tonnes ha'1) Correct to ‘as-produced’ Appl. rate = 255/15.4 =17 tha™ (dry)
basis with biosolids moisture content

Step 5 Calculate the application rate of P and K and compare with soil test values

Step 6 Calculate trace element additions. See Section 10.5 for information on calculating trace
element additions and projected trace element soil concentrations.

13.5 Application Technology

Biosolids, liquid and dewatered, are applied to agricultural land using many different types of
equipment adapted from that used for manure application. Additional information on application
equipment and methods is provided in Section 10.7.2.

Regardless of whether the residual to be spread is liquid or dewatered, the most
environmentally sound method of application is to inject the residual (liquids only) or surface
apply the residual (liquid or solid) followed immediately by incorporation by disking or plough
down of grass sward. Both of these techniques maximize the recovery of nutrients, minimize
odours and vector transmission concerns and minimize the potential of runoff into surface
water.

13.5.1 Vacuum Tanker with Splash Plate

Compared to alternative methods, this method of application can result in increased odours
(and potential vector attraction) and loss of NHs. If spreading residuals using this method, avoid
spreading on windy days, and monitor buffer areas carefully to ensure that spray drift remains
within the application area.

13.5.2 Injector

Odours, vector attraction and nutrient loss are minimized with this application equipment.
However, the injector can only be used on well-cultivated agricultural land where rocks and
other hazards are not present.

13.5.3 Sleigh Foot

With this type of applicator, the residual can be deposited beneath an existing forage stand,
reducing smothering and contamination of the stand. This method reduces odours and spray
drift, and conserves nutrients by placing the material directly on the soil surface. Although not
widely available in BC, this technology is appropriate for both manure and residual applications.
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13.6 Seasonal Considerations in Timing of Residual Application

Seasonal considerations in the timing of residual applications are particularly applicable to high
nutrient residuals (e.g. biosolids, pulp and paper residuals, high nutrient compost) as they have
a high N content and are organic-source fertilizers. However, there are seasonal issues with
the application of all of the residuals regulated under the OMRR and the SACoP, and the
relevant portion of these guidelines also should be considered by a qualified professional when
land applying such residuals.

A general discussion on climate and seasonal considerations for land application of residuals is
provided in Section 10.6.2. Specific seasonal recommendations by month for agricultural
applications are included in the following section. These are adapted from Environmental
Guidelines for Poultry Producers in BC (Van Kleeck, 1997).

13.6.1 Coastal and Vancouver Island Regions
13.6.1.1 February and March

If the land is subject to flooding and/or runoff, residuals should not be applied if there is the
potential of run