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Executive Summary 

Biosolids are produced from sewage solids that have been treated to eliminate harmful bacteria. 
These materials are broken down by microorganisms and high heat to eliminate harmful 
bacteria and reduce odours. Biosolids must meet provincial regulations prior to use. The final 
biosolids product is an earth-like material that can be directly applied to land as a fertilizer and 
soil conditioner. Metro Vancouver uses its biosolids to rebuild soil and grow vegetation on mine 
sites, gravel pits and closed landfills, to fertilize rangeland, hayfields and forests, and in 
Biosolids Growing Medium (BGM), a landscaping soil containing biosolids for use in regional 
parks, capital works projects, and sold for use for local landscaping. In Canada, approximately 
50 percent (%) of the biosolids produced are recycled to land (Canadian Water and Wastewater 
Association [CWWA], 2012). However, questions surrounding human health risk due to 
exposure of trace concentrations of pharmaceuticals and personal care products detected in 
biosolids have arisen. Discussions have focused on the presence of these compounds in 
biosolids without considering likely exposure pathways and risk to human health.  

The objective of this study was to provide a quantitative human health risk assessment for a 
small group of contaminants of emerging concern (CECs) detected in biosolids. Selected CECs 
represent compounds that are commonly found in biosolids, are representative of a larger 
category of chemicals believed to have a potential human health risk, and are recognizable by 
the public. The categories of chemicals included over the counter pain medications (analgesics 
and non-steroidal anti-inflammatory drugs [NSAID]), antidepressants, antibiotics, antimicrobials, 
plasticizers, and flame retardants.  

An exposure assessment for uses of biosolids was completed using general risk assessment 
methodology outlined by U.S. Environmental Protection Agency (U.S. EPA) guidance. The 
following individuals (scenarios) for exposure to CECs from dermal contact and incidental 
ingestion of biosolids and BGM, a landscaping soil containing biosolids, were evaluated: 

• Child Playing – Biosolids Growing Medium (BGM) on Lawn or in Home Garden  

o A child exposed while playing on a lawn or in a home garden where BGM was 
used.  

• Adult Gardener – BGM in Home Garden  

o An adult exposed while working in a home garden where BGM was used. 

• Adult Hiker – Biosolids in Forest Application Area  

o An adult exposed while hiking in a forested area fertilized with biosolids. 

• Occupational Worker – Biosolids on Rangeland or in Forest Application Area  

o A worker exposed while applying biosolids to rangeland or forest application 
area. 

The results of the risk assessment suggested the presence of investigated CECs in biosolids 
were unlikely to result in adverse health effects for the exposed individuals. An adverse heath 
effect is generally defined as any change in body function or cell structure that might lead to 
disease or health problems. These can be both carcinogenic and non-carcinogenic effects. 
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In addition to the risk assessment, a series of comparative risk calculations and exposure 
comparisons were conducted to facilitate the communication of risk results. Exposures to CECs 
in biosolids were measured against exposure to the same CECs from common activities such 
as using antimicrobial consumer products (e.g., antimicrobial soap) or taking a Tylenol for a 
headache.  

The comparison showed it would take between a low of 10 years and a high of one billion years 
of exposure to biosolids under the given scenarios to equal a single exposure to the same 
CECs from acceptable therapeutic doses. 
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Section 1: Introduction 

Metro Vancouver is a federation of twenty-one municipalities, one Electoral Area, and one 
Treaty First Nation that plans for and delivers regional-scale services. Its core services are 
drinking water, wastewater treatment and solid waste management (Metro Vancouver, 2012). 
Metro Vancouver also regulates air quality, plans for urban growth, manages a regional parks 
system, and provides affordable housing. The regional district is governed by a Board of 
Directors of elected officials from each local authority. 

Wastewater from municipalities is carried to one of five regional wastewater treatment plants 
(WWTPs). On a daily basis, Metro Vancouver processes one billion liters of wastewater that is 
generated by residents, businesses, and industries. Biosolids are produced from the sewage 
solids that have been treated to eliminate harmful bacteria. These materials are broken down by 
microorganisms and high heat to eliminate harmful bacteria and reduce odours. The final 
biosolids product is an earth-like material that can be directly applied to the land as a fertilizer 
and soil conditioner. Metro Vancouver uses its biosolids to rebuild soil and grow vegetation on 
mine sites, gravel pits and closed landfills, to fertilize rangeland, hayfields and forests, and in 
fabricated topsoil for use in regional parks, capital works projects, and sold for use for local 
landscaping.  

This study was prepared for Metro Vancouver by Kennedy/Jenks Consultants (Kennedy/Jenks). 
The objective of this study was to perform a risk assessment for contaminants of emerging 
concern (CECs) (e.g., over the counter pain medications [analgesics and non-steroidal anti-
inflammatory drugs {NSAID}]), antidepressants, antibiotics, antimicrobials, plasticizers and 
flame retardants) that are detected in biosolids and exposure scenarios based on the beneficial 
use portfolio of Metro Vancouver’s biosolids program. This risk assessment utilizes the methods 
and models developed by Kennedy/Jenks and the University of Washington (UW) for the 
evaluation provided for Northwest Biosolids (formerly Northwest Biosolids Management 
Association) in partnership with King County, Washington, United States of America in 2014. 

The reason for conducting a risk assessment is as follows:  

When hazardous substances, agents, or chemicals are released into the environment, an 
evaluation is necessary to determine the possible impact these substances may have on 
human health and other biota. To address this question, a risk analysis or assessment is 
performed to quantify the potential detriment and evaluate the effectiveness of proposed 
remediation measures (Hammonds et al., 1994). 

1.1 Background 
Biosolids are produced from sewage solids that have been treated to eliminate harmful bacteria. 
These materials are broken down by microorganisms and high heat to eliminate harmful 
bacteria and reduce odours. Biosolids must meet provincial regulations prior to use. The final 
biosolids product is an earth-like material that can be directly applied to land as a fertilizer and 
soil conditioner. 
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Across Canada, many municipalities recycle their biosolids by applying them to land. 
Agricultural and non-agricultural soils benefit from the nutrients and organic matter found in 
biosolids. Approximately 50 percent (%) of biosolids produced are recycled to land. These 
biosolids are used on less than 1% of the nation's agricultural land (Canadian Water and 
Wastewater Association [CWWA], 2012). 

CECs come from household items and personal care products that we use, such as 
medications, soaps and shampoos, and enter the wastewater system through our sinks and 
toilets. Many of them are not destroyed in the wastewater treatment process and, as a result, 
will end up in the biosolids or released to the environment. The fate and impact of CECs’ active 
ingredients in the environment is the focus of considerable research. This research is evolving 
and includes evaluation of the potential health effects associated with these chemicals in the 
context of biosolids use. 

Due to widespread use in our society, CECs are ubiquitous within the environment. Because of 
the large number of CECs in use, it was necessary to develop a smaller, manageable list of 
chemicals to represent larger classes of chemicals for the focus of this risk assessment. 

To evaluate whether the trace concentrations of CECs in biosolids pose a significant risk to 
human health, established risk assessment methods were used in this analysis. These methods 
have long been accepted by the United Sates Environmental Protection Agency (U.S. EPA) and 
U.S. state regulatory agencies for use in other decision-making processes that are contingent 
on public acceptance, such as setting standards for safe drinking water, air, pesticide residues 
and food additives and establishing acceptable residual concentrations in soil and water at 
environmental cleanup sites (U.S. EPA, 1989).  

1.2 Biosolids Regulations and Products  
Biosolids undergo rigorous treatment processes that are confirmed to significantly reduce 
pathogens and volatile solids, which are associated with vector attraction. These standards are 
based on decades of research ensuring public safety. Biosolids are the most researched and 
regulated organic material used on the land (Water UK, 2006).  

The Canadian Council of Ministers of the Environment (CCME) supports the beneficial use of 
biosolids on land and provides guidelines for their use, but biosolids are regulated provincially. 
In British Columbia, the Organic Matter Recycling Regulation (OMRR) governs the production, 
quality and land application of biosolids and biosolids products. The OMRR was developed over 
a five-year period, with the active participation of Medical Health Officers and input and support 
of local governments, recycling groups, Agricultural Land Commission, and Agriculture and Agri-
Food Canada. The regulation was enacted in 2002 under the authority of the Public Health Act 
and the Environmental Management Act. In addition to adhering to the provincial regulations, 
Metro Vancouver follows the Land Application Guidelines for the Organic Matter Recycling 
Regulation and the Soil Amendment Code of Practice: Best Management Practices (2008). 

The OMRR classifies biosolids into two categories, Class A and Class B, setting quality criteria 
for pathogens and trace metals, as well as requirements for use. Class B biosolids are treated 
but still contain detectable levels of pathogens. Class A biosolids receive a higher level of 
treatment than Class B biosolids and contain almost no detectible levels of pathogens. When 
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utilizing Class B biosolids for land application, buffer requirements, public access restrictions, 
and crop harvesting restrictions must be met. This allows time for any pathogens that are 
present to be destroyed by environmental exposures to temperature changes, sunlight, drying, 
and competing soil microorganisms. Trace metal limits under the OMRR for Class A and B 
biosolids are similar, and the regulation requires metals in Class A biosolids meet the Canadian 
Food Inspection Agency’s metal standards for fertilizers.   

The biosolids products developed for different municipalities vary in the concentration of solids 
or moisture content; therefore, dry tonnes are used when recommending application rates for 
the purpose of consistency. 

1.2.1 Biosolids Dewatered Cake 
Many municipalities in North America, including Metro Vancouver, use anaerobic digestion to 
treat their biosolids. This process involves pumping wastewater solids into large digester tanks 
for treatment. Under elevated temperatures and in the absence of oxygen, beneficial microbes 
(bacteria and other microscopic organisms) break down and consume a large portion of the 
solid material. The process of digestion destroys nearly all (i.e., 90-99%) of the disease-causing 
organisms that might have been present in the raw solids and reduces the volume of solids. 
After several weeks of digestion, the water content in the solids is reduced using centrifuges or 
other methods in a process known as "dewatering." In the dewatering step, the water content is 
decreased and the solids concentration is increased to 24% to 30% in Metro Vancouver 
biosolids. At this point, the biosolids product is a black, semisolid, soil-like, carbon and nutrient 
rich material generally referred to as “dewatered cake.” 

1.2.2 Biosolids Growing Medium (a landscaping soil containing 
biosolids) 

Under the OMRR, a Biosolids Growing Medium (BGM) is a manufactured soil that is created by 
mixing biosolids (that meet the Class A pathogen standards) with woodchips and sand. The 
resulting, blended soil must meet the OMRR’s BGM standards, which are much stricter than 
those established for Class A and B biosolids. Under the regulations, BGM is permitted for use 
without restriction. 

Metro Vancouver creates its BGM by blending biosolids with clean, high-quality wood chips and 
sand. The BGM contains about 20% biosolids and works well for lawns, flower beds, shrubs, 
and trees. It is rigorously tested and meets or exceeds regulatory standards. The BGM has 
been used in many projects throughout Metro Vancouver, including parks and green spaces, 
habitat corridors, and restoration projects. 

1.3 Risk Assessment Approach 

1.3.1 Biosolids Risk Assessment Method 
The original risk assessment method used by the U.S. EPA to develop the federal biosolids 
regulations (40 Code of Federal Regulations Part 503) promulgated in 1993 included an 
extensive evaluation of pollutants in the environment and known to be in biosolids (U.S. EPA, 
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1995). Based on the best scientific data available, established U.S. EPA risk guidelines, and the 
scientific judgment of experts, an extensive risk assessment was conducted for biosolids use or 
disposal practices (i.e., land application, landfill disposal, and incineration). The general process 
used for conducting the EPA Part 503 risk assessments was based on well-established 
procedures described by the National Academy of Sciences (U.S. EPA, 1995). Using this 
process, U.S. EPA analyzed risks to humans, animals, plants, and soil organisms from 
exposure to pollutants in biosolids through fourteen different pathways (e.g., food, water, soil, 
and air) for land-applied biosolids, two exposure pathways for landfill disposal of biosolids, and 
one exposure pathway for incineration of biosolids. The process of selecting and managing the 
data, models, assumptions, and approaches used to conduct the risk assessments for the EPA 
Part 503 rule underwent extensive refinement during the seven years in which the final rule was 
formulated (U.S. EPA, 1995).  

In Canada and British Columbia, the EPA Part 503 rule is often cited because of the extensive 
research behind the regulation. The OMRR quality and beneficial use standards were adopted 
from work done developing the EPA Part 503 rule, as well as from pre-existing legislation in 
British Columbia and Canada (Guidelines for the Disposal of Domestic Sludge, 1983; Fertilizer 
Act).  

The basic approach used in the U.S. EPA’s biosolids risk assessments was to identify 
exposures to highly exposed individuals from pollutants of concern through specific exposure 
pathways. This approach involved using a combination of "high-end" (conservative) and ''mid-
range" (average) values to provide conservative protection for highly exposed individuals. Two 
series of risk assessment and pollutant selection were conducted in the development of the final 
EPA Part 503 rule, as follows:  

The first series identified an initial set of pollutants. Approximately 200 CECs were initially 
identified, of which 50 were chosen for detailed evaluation. These were further screened by 
data on toxicity, occurrence, fate, and pathway-specific hazards, and 22 chemicals were 
selected for potential regulation by the U.S. EPA. Based on available data, a hazard index 
was calculated for each chemical via each of the fourteen exposure pathways to determine 
if a full risk assessment was needed for the chemical via the most limiting exposure 
pathway. Included in this first series of evaluations was a National Sewage Sludge Survey 
(NSSS) conducted by the U.S. EPA which collected information on 411 pollutants from 180 
wastewater treatment plants in the United States. The U.S. EPA used this information to 
further screen out pollutants not at concentrations deemed to pose a risk. Pollutants were 
eliminated if they were banned from use, had restricted use, were no longer manufactured in 
the United States, had a detection frequency of less than 5% in the NSSS, or the 
concentrations reported in the NSSS were so low that the estimated annual amount applied 
to cropland would fall below the standard annual pollution loading rate (National Research 
Council [NRC], 2002). 

The second series utilized the 411 pollutants from the NSSS and included another round of 
risk assessment. This time, pollutants were eliminated if they were not detected (254) or 
were detected in less than 10% of samples (69). At this time, pollutants for which there was 
insufficient data to adequately complete the risk assessment (15) were also dropped from 
consideration. Of the 31 chemicals left, dioxins, furans, and coplanar polychlorinated 
biphenyls (PCBs) were evaluated in a risk assessment (NRC, 2002). This multi-year, 
intensive risk assessment and pollutant evaluation process resulted in the regulation of ten 
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inorganic pollutants which are currently contained in the EPA Part 503 and used by most 
states as the basis for regulating biosolids. Since the initial NSSS in 1990, additional 
surveys were conducted in 2001 and 2009.  

The EPA Part 503 is reviewed biennially for the purpose of developing new regulations, if 
required. Biennial reviews conducted since 2003 have reviewed numerous candidates for 
inclusion in the risk assessment modelling, which forms the basis of the EPA Part 503 
quality standards but, to date, no new constituents have been included as part of the EPA 
Part 503 regulated parameters in biosolids (U.S. EPA, 2015). The U.S. EPA, states, 
universities, and other stakeholders continue to research and adapt biosolids practices 
based on the evolving science. This evolution is a proactive means in which to constantly 
improve biosolids management practices and maintain protection of the environment while 
benefiting from the use of biosolids products.  

1.3.2 Risk Assessment for This Study 
The risk assessment method used in this study follows established U.S. EPA risk assessment 
methodology, which is a four-part process involving data evaluation, assessing exposure, 
assessing toxicity, and characterizing risk. The selection criteria to determine the CECs 
included: the frequency detected in biosolids, representative of a range of adverse health 
effects, and commonly found in the environment. 

The exposure assessment quantified theoretical exposures to Biosolids Growing Medium 
(BGM) and Class A and B biosolids. Potentially exposed populations were identified and 
exposure scenarios were developed for BGM and biosolids based on anticipated beneficial uses 
of biosolids produced by Metro Vancouver. Assumptions about the potentially exposed 
populations were used (e.g., amount of skin exposed, duration of exposure) to quantify the 
potential exposures to CECs in biosolids. Risk assessment scenarios employ very conservative 
assumptions, assume worst case situations and, thus, are very protective of the populations 
assessed within these studies. The inherent, cautious approach of risk assessments maximizes 
the protection of the environment and human health. 

The toxicity assessment utilized the findings of recent projects that established toxicological 
benchmarks for CECs on the basis of extensive reviews of toxicological data. The toxicological 
benchmarks used in the risk assessment are referred to as acceptable daily intakes (ADIs). The 
ADIs were identified using a peer-reviewed process and represent the daily intakes of specific 
compounds that are unlikely to result in a health effect adverse to humans, including sensitive 
populations such as pregnant women or children. These benchmarks were used to assess 
toxicity of the CECs in biosolids. Acceptable concentrations were calculated using the ADIs and, 
therefore, are the concentrations of CECs in biosolids that should not result in adverse health 
effects, even for sensitive populations. 

The risk characterization combined the findings of the exposure assessment and toxicity 
assessment to provide estimates of acceptable concentrations of CECs in BGM and biosolids. 
By using the toxicological benchmarks and the estimates of exposure, acceptable 
concentrations were derived for the CECs in biosolids for each of the exposure scenarios. The 
risks from CECs in biosolids were assessed by comparing acceptable concentrations that are 
protective of the different beneficial uses (i.e., forests, range land, and gardens) to 
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concentrations of the CECs detected in biosolids. In addition, the exposures that could occur on 
the basis of detected concentrations of the CECs in biosolids were compared to intended 
exposures (such as the use of antibacterial soap). 
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Section 2: Literature Review and Data Evaluation 

A literature review, led by Dr. Sally Brown of UW, was contracted during the biosolids risk 
assessment for Northwest Biosolids in 2014 to obtain available data for CECs that have been 
detected in biosolids. The documents reviewed focused on other literature review studies and 
primary research from published sources as well as recent research projects. Occurrence data 
of CECs in biosolids were extracted from that literature review and summarized in Section 2.3 of 
this report. A summary of the literature review provided by UW is included in Appendix A.  

2.1 Selection of Studies for Literature Review 
Of the literature reviewed for this research, nine studies provided occurrence data for the 
chemicals within CECs in biosolids. Data were extracted from these studies for comparison 
among data sets. The studies from which occurrence data were extracted include the following: 

• Al-Rajab et al 2009. Impact of biosolids on the persistence and dissipation pathways of 
triclosan and triclocarban in an agricultural soil. 

• Edwards et al 2009. Pharmaceutical and personal care products in tile drainage 
following surface spreading and injection of dewatered biosolids to an agricultural field. 

• Gottschall et al 2012. Pharmaceutical and personal care products in groundwater, 
subsurface drainage, soil, and wheat grain, following a high single application of 
municipal biosolids to a field. 

• Hale et al 2012. Polybrominated Diphenyl Ethers in U.S. Sewage Sludges and Biosolids: 
Temporal and Geographical Trends and Uptake by Corn Following Land Application. 

• Langdon et al 2012. Field dissipation of 4-nonylphenol, 4-t-octylpehnol, triclosan and 
bisphenol A following land application of biosolids. 

• McClelland and Halden, 2010. Pharmaceuticals and personal care products in archived 
U.S. Biosolids from the 2001 EPA National Sewage Sludge Survey. 

• Xia et al. 2009. Occurrence and Fate of Pharmaceuticals and Personal Care Products 
(PPCPs) in Biosolids. 

• Yager et al., 2014. Dissipation of Contaminants of Emerging Concern in Biosolids 
Applied to Nonirrigated Farmland in Eastern Colorado. 

• Youngquist, 2014. Dissertation. Local Biosolids Compost: Agricultural Use, Fate of 
Antibiotics, and Community Engagement. 
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In addition to research on occurrence data, publications describing fate in groundwater and 
plants, as well as characteristics such as half-life degradation and body adsorption efficiencies, 
were also reviewed. These data are used to put the exposure estimates in context, as 
discussed in Section 3. 

2.2 Selection of CECs  
Due to widespread use, CECs are ubiquitous within the environment. Because of the large 
number of CECs in use, it was necessary to develop a smaller, manageable list of chemicals to 
represent larger classes of chemicals for the focus of this risk assessment.  

The findings of the literature review were the basis for selection of CECs for further evaluation in 
the risk assessment. Three basic technical criteria for choosing the CECs for this assessment 
are presented below: 

1) Occurrence in Biosolids. Concentration data for each compound is available from 
multiple sources above the minimum analytical detection level. 

2) Toxicological Relevance. Each compound represents a larger category (i.e., 
analgesics, NSAID, antidepressants, antibiotics, antimicrobials, plasticizers and flame 
retardants) of chemicals believed to have a potential human health risk. 

3) Recognizable by the public. The list contains compounds that may be recognized by 
the public. Everyday products allow for the development of material that will have the 
greatest probability to convey the results of the risk assessment. 

Table 1 (at the end of the report) presents the CECs, their common usage, and the most 
probable routes of exposure to humans. The selected CECs represent a group of compounds 
that have been measured as frequently detected in biosolids, are representative of a range of 
adverse health effects, are commonly found in the environment, and can be used to 
communicate direct and comparable risk assessments to the public. In some cases, the 
compound may not be particularly toxic or persist in the environment, but is a compound that is 
more recognizable (e.g., Ibuprofen). In other cases, the chosen compounds are associated with 
adverse toxicological effects such as endocrine disruption or estrogen mimicry (e.g., bisphenol 
A).  

2.3 Representative Concentrations of CECs 
A total of six biosolids samples were collected from three of Metro Vancouver’s WWTPs: 
Annacis Island, Lulu Island, and Lions Gate WWTPs. Two samples were collected from each 
WWTP, one week apart, and each was a composite collected over one workday and analyzed 
for CECs. For biosolids (Class A and B), the maximum detected concentration for each CEC 
across all sampling locations (Annacis Island, Lulu Island and Lions Gate WWTPs) was used as 
the representative concentration. When CECs were not detected at the analytical Reporting 
Limit (RL), one-half of the RL was used to calculate the average. In the case of acetaminophen 
and sulfamethoxazole, which were not detected at the RL, one-half of the highest RL was used. 
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For Biosolids Growing Medium (BGM), the average detected concentration of each CEC in the 
two Annacis Island biosolids samples was calculated. Because biosolids compose a maximum 
of 20% by volume of the final BGM product, 20% of the calculated average Annacis Island 
biosolids concentration was used as the representative concentration for BGM.  

Appendix B presents the biosolids data collected by Metro Vancouver for all eleven CECs. 

The literature review provided sources of measured concentrations of each of the CECs for 
water runoff from land applied with biosolids and crops grown on land applied with biosolids. 
Summaries of concentrations reported within the literature are presented in the tables at the end 
of the report. The findings of the literature review were used to estimate concentrations for 
CECs in water or crops. For the purposes of this risk assessment, the average of the range of 
concentrations reported in the reviewed literature was considered the representative 
concentration for the CECs in water and crops grown on land.  

Tables 2 and 3 present representative concentrations of CECs in Metro Vancouver’s BGM and 
biosolids, respectively. For BGM, the concentration of CECs was calculated using 20% of the 
Annacis Island Class A biosolids concentration, as described above. Table 4 presents average 
concentrations of CECs in runoff from a biosolids land application site, as measured in 
agricultural drain tile studies that were evaluated as part of our literature review. It is highly 
unlikely that a person would drink surface water runoff; however, to be conservative, a dilution 
factor was not assumed for the purposes of this risk assessment.  

Table 5 presents measured concentrations, from the literature review, of CECs in grain crops 
amended with biosolids. CECs were reported as non-detect, thus indicating that plant uptake of 
CECs from biosolids did not occur on a measurable level. Further evaluation of exposure to 
CECs through consumption of grain crops was not conducted for this risk assessment because 
CECs were not detected in the grain.  
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Section 3: Exposure Assessment 

The purpose of an exposure assessment is to estimate the type and magnitude of potential 
exposures to CECs. Exposure is defined as the contact of a person with the CECs in the 
environmental medium. The exposure assessment identifies populations that may be exposed 
to CECs, pathways by which these populations may come into contact with CECs, and 
assumptions used to estimate the levels of exposure to CECs through the contact pathways. 

It must be noted that risk assessment exposure scenarios employ very conservative 
assumptions, assume worst case situations and, thus, are very protective of the populations 
assessed within these studies. The inherent, cautious approach of risk assessments maximizes 
the protection of the environment and human health. 

3.1 Exposure Scenarios 
Potentially exposed human populations and possible exposure pathways for biosolids were 
identified through the development of theoretical exposure scenarios. These exposure 
scenarios were based on anticipated typical uses of biosolids from Metro Vancouver WWTP 
operations. The following uses of biosolids were selected for further evaluation in the risk 
assessment: 

 Biosolids Growing Medium  (a landscaping soil containing biosolids) on lawns  

 Biosolids Growing Medium in home gardens 

 Biosolids in forest application areas 

 Biosolids on rangeland.  

Potentially exposed human populations and exposure scenarios were identified for each of 
these uses. The exposure scenarios represent human activities that occur and may result in 
exposure to CECs in biosolids. 

 Child Playing – Biosolids Growing Medium (BGM) on Lawn or in Home Garden (a child 
exposed while playing on a lawn or in a home garden where BGM was used).  

 Adult Gardener – BGM in Home Garden (an adult exposed while working in a home 
garden where BGM was used).  

 Adult Hiker – Biosolids in Forest Application Area (an adult exposed while hiking in a 
forested area fertilized with biosolids).  

 Occupational Worker – Biosolids on Rangeland or in Forest Application Area (a worker 
exposed while applying biosolids to rangeland or forest application area).  

These exposure scenarios are considered representative of the anticipated biosolids uses 
selected for evaluation in the risk assessment and are intended to be protective of other 
exposures that may occur from those uses. In other words, the exposure scenarios evaluated in 
the risk assessment incorporate conservative assumptions designed to result in greater levels of 
exposure and, thus, greater risk than other potential exposures to biosolids that could occur. For 
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example, the occupational scenario is intended to be protective of all workers who may have 
contact with biosolids (e.g., applying to land) through rangeland or forest uses. Each of these 
exposure scenarios incorporates assumptions that a person could be exposed to CECs through 
touching BGM or biosolids (i.e., dermal contact) and from unintentional ingestion (i.e., incidental 
ingestion) of BGM or biosolids. In addition, the forest hiker incorporates assumptions that a 
hiker will intentionally ingest surface water containing CECs resulting from runoff of biosolids 
applied to forest application areas.  

The U.S. EPA (1989) defines exposure as “the contact with a chemical or physical agent” and 
defines the magnitude of exposure as “the amount of an agent available at human exchange 
boundaries (namely, the lungs, gut, and skin) during a specified time period.” Exposure 
assessments are designed to estimate the degree of contact someone has with a chemical. 
Thus, estimating human exposure to a chemical requires information regarding the extent of 
contact the person will have with the media (i.e., biosolids). 

The CEC exposure levels were calculated using exposure factors to quantify assumptions for 
exposure duration, ingestion rates, skin absorption factors, and various other parameters that 
are used to describe human activities for the exposure scenarios. For some of the exposure 
factors, such as body weight and life span, the U.S. EPA (2014a) provides default values 
intended to represent average exposures. These default exposure factors were used for many 
of the exposure parameters in this risk assessment. When default values were not available, 
conservative assumptions were used to derive exposure factors.  

The specific exposure assumptions that are used in the risk assessment for each scenario and 
their rationales are presented in Tables 6 and 7. Tables 8 and 9 present dermal absorption 
factors for solids and water that were estimated for each CEC using methodology outlined in 
U.S. EPA (2004) guidance. The following is a summary of the exposure assumptions used to 
evaluate risks for the four exposure scenarios selected for this risk assessment.  

3.1.1 Child Playing – Biosolids Growing Medium (a landscaping soil 
containing biosolids) on Lawn or in Home Garden 

This scenario assumes a 15 kilogram (33 pound) child plays on lawns or in the home garden 
immediately after the application of Biosolids Growing Medium (BGM), where they play on 
lawns or in the garden once per week throughout the year (52 days), for six years. BGM is 
typically used in new garden or lawn installations; it is also sometimes used as a soil amender 
for home gardens. A weekly exposure frequency may be considered a conservative assumption 
given the typical practice of BGM use. It is assumed the BGM is spread over the entire surface 
of the lawn or home garden and that exposure is directly with the BGM. 

CECs could enter the child’s body both from dermal contact and incidental ingestion. It is 
assumed that the child unintentionally ingests 200 milligrams (mg) of BGM, which is equal to a 
small fraction of a teaspoon volume of BGM, during each of the 52 days of exposure per year. It 
is also assumed the child’s head, hands, forearms, lower legs, and feet are in direct contact with 
BGM while exposed. The value used for skin surface area is based on the age range of 0 to 6 
years old, as recommended by U.S. EPA (2014a). It is highly unlikely that a child would have 
this level of exposure; however, to be conservative, it was assumed their body would be so 
exceedingly exposed for the purposes of this risk assessment. 
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3.1.2 Adult Gardener - Biosolids Growing Medium (a landscaping soil 
containing biosolids) in Home Garden 

This scenario assumes an 80 kilogram (176 pound) adult works in his or her home garden 
immediately after the application of BGM, where they work in the garden once per week 
throughout the year (52 days), for 20 years. CECs could enter the adult gardener’s body both 
from dermal contact and incidental ingestion. It is assumed that the gardener unintentionally 
ingests 100 mg of BGM during each day that direct contact occurs. It is also assumed the 
adult’s head, hands, forearms, lower legs, and feet are in direct contact with BGM while 
exposed. It is highly unlikely that a gardener would have this level of exposure; however, to be 
conservative, it was assumed their body would be so exceedingly exposed for the purposes of 
this risk assessment. 

3.1.3 Adult Hiker - Biosolids in Forest Application Area 
This scenario assumes an 80 kilogram (176 pound) adult hikes in a forest application area 
immediately after the application of biosolids. Although biosolids are typically applied only once 
every three to four years to a single application area, it is assumed that the hiker visits multiple 
forest application areas such that the hiker is exposed to biosolids once a month throughout the 
year (12 days), for 20 years. CECs could enter the hiker’s body both from dermal contact and 
incidental ingestion. It is assumed the hiker’s hands and arms are in direct contact with biosolids 
while exposed during hiking. It is also assumed the hiker’s hands and arms are in direct contact 
with the surface water for up to a half hour per day for each day of hiking. It is also assumed 
that the hiker unintentionally ingests 100 mg of biosolids, which is equal to a small fraction 
(approximately 4%) of a teaspoon volume, per day of hiking. For this scenario, to be 
conservative, it is assumed that best management practices for applying biosolids to land were 
not followed and, as a result, there is surface water runoff from land applied with biosolids. It is 
assumed that the hiker intentionally ingests one liter of surface water containing CECs from the 
runoff. It is highly unlikely that a hiker would drink surface water runoff; however, to be 
conservative, a dilution factor was not assumed for the purposes of this risk assessment. 

3.1.4 Occupational Worker – Biosolids on Rangeland or in Forest 
Application Area  

This occupational scenario assumes an 80 kilogram (176 pound) adult worker applies the 
biosolids to a forest application area or on rangeland for 25 years. Rangeland is an ecosystem 
where grasslands and trees are grown together and are grazed by domestic livestock and 
wildlife. This scenario assumes that: forest workers may apply biosolids up to 220 days in a 
given year (five days per week for 44 weeks); and workers applying biosolids to rangeland may 
work up to 210 days in a given year (six days per week for 35 weeks). Therefore, to be 
protective of workers applying biosolids in either forest application areas or on rangeland, it was 
assumed that exposure to biosolids during application occurs 220 days per year. The CECs 
could enter the worker’s body both from dermal contact and incidental ingestion. It is assumed 
that the worker is wearing protective clothing for this occupation, which includes long pants, so 
that the skin area potentially exposed to biosolids on an ongoing basis is limited to the arms and 
hands. It is also assumed that 100 mg of biosolids are unintentionally ingested each day of 
work. It is highly unlikely that a worker would have this level of exposure; however, to be 
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conservative, this level of exposure was assumed for the purpose of this risk assessment. The 
exposure is based on the number of days a worker applies biosolids, so the application rate 
does not affect the exposure assumptions.  



 

Biosolids Risk Assessment, Metro Vancouver  Page 4-1 
\\por2\wp\projects\2017proj\1776004.00_metro_vancouver_biosolids\09_reports-memos\9.09_report\metro vancouver biosolids risk assessment report 26may2017-rev26june2017.doc 

Section 4: Toxicity Assessment 

The toxicity assessment weighs available evidence regarding the potential for a particular 
chemical to cause adverse health effects and to provide, where possible, a quantitative estimate 
of the relationship between the extent of exposure to a chemical and the increased likelihood of 
adverse effects. For purposes of this risk assessment, ADIs were used as the toxicological 
benchmarks.  

An ADI is the amount of a chemical someone can be exposed to daily over an extended period 
of time (usually a lifetime) without experiencing harmful effects (U.S. EPA 2014b). Acceptable 
concentrations were calculated using the ADIs and, therefore, are the concentrations of CECs in 
biosolids that should not result in adverse health effects, even for sensitive populations. 

Because regulatory criteria have not been developed for many of the CECs evaluated in this 
risk assessment, a literature review was conducted to obtain toxicological information for the 
CECs. The therapeutic doses, no observed adverse effect levels (NOAELs), and lowest 
observed adverse effect levels (LOAELs) for the selected CECs were identified from existing 
literature studies. The term NOAEL refers to the level of exposure of an organism, found by 
experiment or observation, at which there is no biologically or statistically significant increase in 
the frequency or severity of any adverse effects in the exposed population when compared to its 
appropriate control. The term LOAEL refers to the lowest concentration or amount of a 
substance, found by experiment or observation that causes any adverse effects in the exposed 
population when compared to its appropriate control. 

The lowest therapeutic dose, NOAEL, and/or LOAEL for relevant toxicological endpoints for 
CECs was used in the following peer reviewed hierarchy (Snyder et al., 2010) to select the ADI 
for use in the risk assessment. 

1. If the chemical is a pharmaceutical, select the lowest value from among comparison 
values derived using the following processes: 

a. Divide the therapeutic dose (on a milligram-per-kilogram-of-body-weight basis 
(mg/kg-day), based upon the range of doses and age groups for which the chemical 
is prescribed) by a default uncertainty factor (UF) of 3000; divide by an additional UF 
of 10 if the compound is either a non-genotoxic (agents not likely to damage DNA) 
carcinogen or an endocrine-disrupting compound (EDC). 

b. Divide the literature-based NOAEL by a default UF of 1000 or the LOAEL by a 
default UF of 3000; divide by an additional UF of 10 if the compound is either a non-
genotoxic carcinogen or an endocrine-disrupting compound (EDC). 

c. If the compound is a genotoxic (agents likely to damage Deoxyribonucleic Acid 
[DNA]) carcinogen and tumor incidence data are available, develop a slope factor 
and establish a comparison value assuming a de minimis (i.e., insignificant) cancer 
risk of one in one million. 
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d. If the compound is a genotoxic carcinogen and no tumor incidence data are 
available, use the lower of the virtually safe dose derived using the method of Gaylor 
and Gold (1998) or the threshold of toxicological concern. 

2. If the chemical is not a pharmaceutical and neither a literature-based NOAEL or LOAEL 
can be identified, or the chemical is a genotoxic carcinogen, set guidelines on the basis 
of toxicological data following 1b, c, and d. 

3. If the chemical is not a pharmaceutical and has neither a literature-based NOAEL or nor 
LOAEL or there is no evidence it is a genotoxic carcinogen, derive a comparison value 
on the basis of the threshold of toxicological concern. 

For bisphenol A and deca-BDE, which have regulatory criteria, the toxicity values from the U.S. 
EPA’s Integrated Risk Information System (IRIS) database were used (U.S. EPA 2014b).  
Deca-BDE is evaluated both for carcinogenic and non-carcinogenic effects. To derive the ADI 
for carcinogenic effects, the de minimis cancer risk level of one in one million, as defined by the 
National Institutes of Health (2011), was divided by the slope factor. The slope factor is defined 
by the U.S. EPA as the upper bound limit approximating a 95% confidence interval, on the 
increased cancer risk from a lifetime exposure to an agent. This estimate is typically expressed 
in units of proportion (of a population) affected per mg/kg-day. 

The ADIs that were used in the risk assessment are presented in Table 10. 
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Section 5: Risk Characterization 

Human health risk is a function of both toxicity of a specific substance and exposure, such that if 
either parameter is sufficiently low, the risk is considered insignificant. Conversely, if the 
magnitude of either the toxicity or the exposure is high, the risk is also likely to be high. The 
human health risk assessment paradigm can be expressed as: 

Risk = Toxicity x Exposure 

Thus, when a substance is found at trace levels, as is the case for CECs in biosolids, it is only 
likely to pose a significant or unacceptable risk to humans if there is a significant exposure and 
toxicity. 

5.1 Risk Assessment Methods 
For this risk assessment, acceptable concentrations of CECs in Biosolids Growing Medium 
(BGM) or biosolids were calculated for each of the exposure scenarios. Acceptable 
concentrations are the concentrations of CECs in biosolids that should not result in adverse 
health effects, even for sensitive populations.  

The acceptable concentrations are based on the exposure parameters discussed in Section 3 
and the ADIs derived in the toxicity assessment discussed in Section 4. Acceptable 
concentrations were calculated using the ADIs. The acceptable concentrations were compared 
with the representative concentrations of CECs in biosolids. If the measured concentrations are 
less than the acceptable concentrations, the CECs are not likely to result in adverse health 
effects for the exposure scenario.  

The ADIs were also used to calculate the number of years of exposure to BGM or biosolids that 
are anticipated to not result in adverse health effects. These calculations were done for each of 
the exposure scenarios. 

In addition to the comparison of acceptable and measured concentrations of CECs in BGM and 
biosolids, exposures to CECs at therapeutic doses were evaluated to provide context for the 
presence of CECs in biosolids. These relative risk comparisons are presented in Section 5.3. 

5.2 Risk Assessment Results 
Acceptable concentrations for CECs in Biosolids Growing Medium (BGM) and biosolids are 
presented in Tables 11 and 12, respectively. In all cases, the measured concentrations are 
below the acceptable concentrations, indicating that actual exposures to biosolids or BGM will 
not result in adverse health effects. The number of years of exposure to biosolids that should 
not result in adverse health effects greatly exceeded the representative exposure duration for 
the four Metro Vancouver biosolids use scenarios, which also demonstrates that the detected 
concentrations of CECs in biosolids are unlikely to result in adverse health effects.   

Acceptable concentrations for CECs in surface water are presented in Table 13. The acceptable 
concentrations are those that should not result in adverse health effects and are used to 
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evaluate the representative concentrations of CECs in surface water. There is limited surface 
water data available on CECs in runoff post biosolids application. For this study, data of runoff 
collected in agricultural drain tiles was used to determine representative concentrations for 
some CECs for which there was data available (deca-BDE [a flame retardant] and four 
antibiotics were omitted because data was not available). These drain tile runoff concentrations 
were used as the representative concentrations of CECs in surface water. In all cases, the 
measured concentrations are less than the acceptable concentrations, indicating that runoff of 
CECs from biosolids will not result in adverse health effects.  

It should be noted that although an effort was made to select CECs based on a range of 
toxicological relevance and occurrence, the risks presented in this study may not be 
representative of all CECs in biosolids or BGM. 

5.3 Relative Risk Results 
After assessing risks from exposure to CECs in biosolids by comparing measured 
concentrations to acceptable concentrations, relative risk comparisons were performed to 
provide context for the risk results. To provide context for the concentrations of CECs detected 
in biosolids, the exposures that could result based on biosolids uses were compared with 
exposures that could occur based on approved therapeutic doses of the CECs. The comparison 
does not provide an indication of risk, but rather can be used to help the public in understanding 
the significance of detected concentrations in biosolids relative to other sources of CEC 
exposures. 

The therapeutic doses for CECs were identified based on the use of the specific CEC. In the 
case of pharmaceuticals, the therapeutic doses represent the lowest dose for a single use 
approved by the U.S. Food and Drug Administration (U.S. FDA). For triclosan (TCS), the typical 
daily intake was estimated using results from the review article, “Triclosan: A critical review of 
the experimental data and development of margins of safety for consumer products, (Rodricks 
et al. 2010)”. Bisphenol-A and deca-BDE are organic compounds present in common consumer 
products. The typical daily intake for bisphenol A was based on data from the 2005-2006 
National Health and Nutrition Examination (LaKind and Naiman 2011). The typical daily intake 
for deca-BDE was determined from EPA exposure assessments. It is important to note that 
typical daily intakes are involuntary exposures that depend on the consumption pattern of 
individuals. Table 14 presents the tabulated common exposures for CECs assessed in this risk 
assessment.  

Table 14 shows it takes a minimum of 2.5 days of exposure to biosolids for an occupational 
worker to accumulate the same exposure of bisphenol A as they might get from common daily 
activities. For all other CECs and exposure scenarios, it would take a minimum of one month of 
exposure to biosolids to accumulate the same dose of CECs as a person might get from a 
single use during common activities.  
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Section 6: Uncertainty Analysis  

Inherent in any risk assessment or analysis is a degree of uncertainty. The approach, however, 
and methodologies used in a risk assessment are designed to err on the side of conservatism 
(i.e., protection of human health). A discussion of uncertainty is critical to the full 
characterization of risk to more fully evaluate the implications and limitations of a risk 
assessment (Hammonds et al., 1994). The discussion is commonly referred to as an 
“Uncertainty Analysis” and is typically a qualitative description of the various elements or steps 
used in the risk assessment. 

This section discusses the uncertainties associated with the lack of knowledge in various steps 
of this analysis. 

6.1 Scope of Study 
Limited CECs. This study focused only on risks from a subset of representative CECs in 
biosolids. Additional potential risks could exist from compounds not included in this study. 

Limited Exposure Scenarios. This study focused on four exposure scenarios from Metro 
Vancouver’s biosolids beneficial use program. There may be other uses of biosolids that could 
potentially result in exposures, though not assessed in this study. The exposure scenarios 
evaluated in this study are anticipated to be protective of similar exposures that were not 
evaluated.  

6.2 Exposure Assessment  
Representative Concentration. The average concentration detected in the Annacis Island 
Class A biosolids samples was used to determine the representative concentration of CECs in 
BGM (a landscaping soil containing biosolids), while the maximum detected concentration 
across all sampling locations was used as the representative concentration for CECs in 
biosolids. There were a limited number of data points collected, so it is possible that future 
concentrations may vary from those used in this risk assessment. Given, however, the scale of 
differences in the representative concentrations relative to acceptable concentrations, the 
overall conclusions of this risk assessment are not anticipated to be influenced by variability of 
CEC concentrations. 

CEC-Specific Exposure Parameters. Dermal absorption values are not available for the 
eleven CECs evaluated. Dermal absorption values were estimated based on professional 
judgment and U.S. EPA guidance, and are conservative. The levels of exposure by dermal 
absorption were low relative to exposure through incidental ingestion. The uncertainty related to 
dermal absorption values used is not anticipated to influence the overall conclusions of this 
study. 
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Scenario-Specific Exposure Parameters. The exposure assumptions, in particular the 
exposure frequency and duration, are conservative relative to the actual application rates. This 
risk assessment assumes the same level of exposure to CECs each time there is contact, which 
may not be accurate because some are known to degrade in the environment. Actual exposures 
to CECs in Biosolids Growing Medium (BGM) and biosolids are expected to be lower than the 
estimated exposures in this study. 

6.3 Toxicity Assessment  
Uncertainty Factors. The UFs are one of several default factors used in operationally deriving 
the reference dose (RfD - an estimate of a daily oral exposure to the sensitive human 
populations that is likely to be without an appreciable risk of deleterious effects during a lifetime) 
and reference concentration (RfC - an estimate of a continuous inhalation exposure to the 
sensitive human populations that is likely to be without an appreciable risk of deleterious effects 
during a lifetime) from experimental data. The factors are intended to account for (1) variation in 
susceptibility among the members of the human population (i.e., inter-individual or intra-species 
variability); (2) uncertainty in extrapolating animal data to humans (i.e., interspecies uncertainty); 
(3) uncertainty in extrapolating from data obtained in a study with less-than-lifetime exposure 
(i.e., extrapolating from sub-chronic to chronic exposure); (4) uncertainty in extrapolating from a 
LOAEL rather than from a NOAEL; and (5) uncertainty associated with extrapolation when the 
database is incomplete.  

The UFs applied to chemicals in the derivation of ADIs were default factors based on the toxicity 
endpoint; whereas the U.S. EPA IRIS uses a more rigorous approach to derive chemical-
specific UFs based on the strength of the toxicity data. The UFs used in this study represent the 
high end of UFs that would be applied in risk assessments and are generally higher than those 
used by U.S. EPA. In addition, UFs were applied to therapeutic doses in this risk assessment, 
consistent with the approach developed by Snyder et al (2010). Therapeutic doses are typically 
not associated with adverse effects, so the application of UFs to therapeutic doses provides a 
conservative approach. 

6.4 Risk Characterization 
Comparative Risks. In comparing risks from exposure to CECs in biosolids with therapeutic 
doses, the therapeutic doses are approved by the U.S. FDA for the intended and/or prescribed 
uses by adults. The therapeutic doses may not be appropriate and/or applicable to children. The 
comparison with therapeutic doses was performed to provide context for the exposures to CECs 
in biosolids and is not intended to be perceived as a precise risk estimate. 



 

Biosolids Risk Assessment, Metro Vancouver  Page 7-1 
\\por2\wp\projects\2017proj\1776004.00_metro_vancouver_biosolids\09_reports-memos\9.09_report\metro vancouver biosolids risk assessment report 26may2017-rev26june2017.doc 

Section 7: Summary and Conclusions of Risk Assessment  

The objective of this study was to perform a risk assessment of CECs detected in Metro 
Vancouver biosolids. This study followed general risk assessment methodology outlined by U.S. 
EPA guidance and other published studies on similar topics. The risk assessment followed a 
literature review of occurrence and toxicity data for CECs in biosolids, and focused on eleven 
specific CECs selected, based on criteria established for this risk assessment.  

The CECs assessed in this study (found in Table 1) are as follows: 

CEC Type of Substance Common Usage 

Acetaminophen Over the Counter (OTC) pharmaceutical Analgesic 

Fluoxetine Prescription pharmaceutical Antidepressant 

Bisphenol A Organic compound used in common 
products 

Various uses, primarily 
plastics manufacturing 

Ibuprofen OTC pharmaceutical Non-steroidal anti-
inflammatory 

Deca-BDE Organic compound used in common 
products Flame retardant 

Azithromycin Prescription pharmaceutical Antibiotic 

Ciprofloxacin Prescription pharmaceutical Antibiotic 

Erythromycin-H2O Prescription pharmaceutical Antibiotic 

Ofloxacin Prescription pharmaceutical Antibiotic 

Sulfamethoxazole Prescription pharmaceutical Sulfa-Antibiotic 

Triclosan (TCS) Personal care product Antimicrobial 

The study focused on specific populations and exposure scenarios that were based on four 
beneficial use scenarios from Metro Vancouver’s biosolids program. For each exposure 
scenario, conservative assumptions, based on U.S. EPA guidance and professional judgment, 
were used to estimate the potential for human exposure. The exposure scenarios and 
populations evaluated in this study were: 

• Child Playing – Biosolids Growing Medium (BGM) on Lawn or in Home Garden (a child 
exposed while playing on a lawn or in a home garden where BGM was used).  

• Adult Gardener – BGM in Home Garden (an adult exposed while working in a home 
garden fertilized with BGM).  
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• Adult Hiker – Biosolids in a Forest Application Area (an adult exposed while hiking in a 
forested area fertilized with biosolids).  

• Occupational Worker – Biosolids on Rangeland or in Forest Application Area (a worker 
exposed while applying biosolids to rangeland or forest application site).  

The results of the risk assessment (Tables 11 and 12) suggest that measured concentrations of 
CECs in biosolids are much lower than the calculated acceptable concentrations for the 
evaluated exposure scenarios. “Acceptable concentrations” are the concentrations of CECs in 
BGM or biosolids someone can be exposed to, typically over a lifetime, without experiencing 
harmful effects. For illustrative purposes, the compound with the lowest and highest acceptable 
concentration will be discussed.  

Fluoxetine, an anti-depressant, has the lowest acceptable concentration of all eleven CECs 
investigated, which means it takes the least amount of exposure to biosolids to achieve the 
acceptable concentration. The acceptable concentration of fluoxetine for each exposed 
individual is shown below, as well as the years of exposure to biosolids without adverse health 
effects: 

• Child Playing: Acceptable Concentration – 17 milligrams per kilogram (mg/kg); Years – 
3,576 

• Adult Gardener: Acceptable Concentration – 165 mg/kg; Years – 113,456 

• Adult Hiker: Acceptable Concentration – 967 mg/kg; Years – 117,912 

• Occupational Worker: Acceptable Concentration – 52 mg/kg; Years – 7,954 

The concentration of fluoxetine is 0.029 mg/kg in BGM, which is more than two orders of 
magnitude less than the lowest acceptable concentration (of 17 mg/kg) for the child playing. As 
shown above, the child would need to be exposed to BGM for 3,576 years to reach the 
acceptable concentration. Even at a concentration of 17 mg/kg, exposure to fluoxetine in 
biosolids will not likely result in adverse health effects.  

TCS, an anti-microbial commonly found in hand soaps, has the highest acceptable 
concentration of all eleven CECs investigated, which means it takes the greatest amount of 
exposure to biosolids to achieve the acceptable concentration. The acceptable concentration of 
TCS for each exposed individual is shown below, as well as the years of exposure to biosolids 
without health effects: 

• Child Playing: Acceptable Concentration – 31,114 mg/kg; Years – 48,489 

• Adult Gardener: Acceptable Concentration – 296,120 mg/kg; Years – 1,538,286 

• Adult Hiker: Acceptable Concentration – 1,740,383 mg/kg; Years – 1,794,209 

• Occupational Worker:  Acceptable Concentration – 93,925 mg/kg; Years – 121,037 

The other nine CECs fall between the range of acceptable concentrations discussed for 
fluoxetine and TCS above. Therefore, the presence of these eleven CECs in biosolids is not 
likely to result in adverse health effects for exposure scenarios based on these uses of Metro 
Vancouver biosolids. Furthermore, the results of the risk assessment indicate that the doses 
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that would occur through exposures to CECs in biosolids are many times less than the lowest 
approved therapeutic doses for those same CECs. The approved therapeutic doses and 
number of years of exposure to biosolids to receive those equivalent doses are outlined in Table 
14. Again, for illustrative purposes, TCS will be described here. The typical daily intake 
associated with the use of common consumer products is 4.4 mg of TCS for adults and 1.11 mg 
of TCS for children (Rodricks et al. 2010). The following is a list of the number of years of 
exposure required to receive an equivalent dose to typical daily intake due to use of consumer 
products containing TCS: 

• Child Playing: 22 years 

• Adult Gardener: 155 years 

• Adult Hiker: 180 years 

• Occupational Worker: 10 years.  

For nine compounds, the number of years of exposure to receive an equivalent dose ranged 
from a low of 10 years for the occupational worker to be exposed to TCS to a high of 
1,032,071,754 years for the adult hiker to be exposed to the lowest daily dose of 
sulfamethoxazole. 

Bisphenol A and deca-BDE are organic compounds present in many consumer products (e.g., 
in the linings of canned food and beverage containers). In the case of deca-BDE, the typical 
daily intake was determined from U.S. EPA exposure assessments. For bisphenol A, the typical 
daily intake was determined using the 2005-2006 National Health and Nutrition Examination 
Survey (LaKind and Naiman 2011). A typical daily intake is an “involuntary” exposure that is 
dependent on the individual’s consumption patterns.  

In this case, deca-BDE had the lowest daily intake of 0.0014 mg. It would take the occupational 
worker 0.007 years (approximately 2.5 days) to be exposed to a similar quantity of deca-BDE. 
Because biosolids are mixed into soils, the exposure concentration levels of CECs are reduced 
even further than those used in this assessment. Once biosolids are applied to land, the 
concentrations tend to be low enough that many of the studies in the literature review report 
non-detections post application. In this assessment, it was assumed that each exposed 
individual was exposed to the full initial concentration of each compound. In other words, each 
time the gardener worked in their home garden, they were exposed to an equivalent 
concentration that would occur directly after application of the BGM (a landscaping soil 
containing biosolids).  

All four exposure scenarios are extremely conservative worst case scenarios for biosolids 
exposure. The scenarios employ very conservative assumptions, assume worst case situations, 
and thus, are very protective of the populations assessed within this study. 

To reiterate, the results of this risk assessment indicate that the presence of these eleven CECs 
in biosolids is highly unlikely to result in adverse health effects for the four Metro Vancouver 
biosolids use exposure scenarios evaluated.
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Table 1: Contaminants of Emerging Concern (CECs) Selected for Evaluation in Risk 
Assessment

Contaminant of 
Emerging Concern Type of Substance Common Usage Route of Usual Human 

Exposure

Acetaminophen Over the Counter (OTC) 
pharmaceutical Analgesic oral

Fluoxetine Prescription 
pharmaceutical Antidepressant oral

Bisphenol A Organic compound used in 
common products

Various uses, primarily 
plastics manufacturing oral

Ibuprofen OTC pharmaceutical Non-steroidal anti-
inflammatory oral

Organic compound 

Used in common products

Azithromycin Prescription 
pharmaceutical Antibiotic oral

Ciprofloxacin Prescription 
pharmaceutical Antibiotic oral

Erythromycin-H2O Prescription 
pharmaceutical Antibiotic oral

Ofloxacin Prescription 
pharmaceutical Antibiotic oral

Sulfamethoxazole Prescription 
pharmaceutical Sulfa-Antibiotic oral

Triclosan Personal care product Antimicrobial dermal

The purpose of this table is to list the CECs used in this report, their common usage, and the most probable routes of 
exposure to humans. 

Notes: 

Deca-BDE Flame retardant oral, inhalation

____________________________________________
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Table 2: Representative Concentrations of CECs in Biosolids Growing 
Medium (a landscaping soil containing biosolids)

______________________________________
Biosolids Risk Assessment Page 1 of 1

Contaminant of
Emerging Concern

103-90-2 Acetaminophen 0.0015

54910-89-3 Fluoxetine 0.029

80-05-7 Bisphenol A  0.3

15687-27-1 Ibuprofen  0.06

1163-19-5 Deca-BDE 0.11

83905-01-5 Azithromycin 0.092
85721-33-1 Ciprofloxacin 0.43
114-07-8 Erythromycin - H2O 0.0119
82419-36-1 Ofloxacin 0.05
723-46-6 Sulfamethoxazole 0.0001

3380-34-5 Triclosan 3.9

Notes:

mg/kg = Milligrams per kilogram. 

The purpose of this table is to show the representative concentrations of the CECs in 
Biosolids Growing Medium (BGM) used in this risk assessment.

CAS Number = Chemical Abstracts Service number from the American Chemical Society that 
provides a unique identifier for chemical substances. 
Concentrations in BGM were determined by taking 20 percent of the average reported 
concentration for the Annacis Island biosolids. Biosolids make up no more than 20% of the 
BGM by volume, so it is appropriate to reduce the measured concentrations for the purpose of 
the risk calculations. When concentrations were not detected at reporting limits, one half of 
the reporting limit was used to calculate the average (indicated in bold).

CAS Number

Representative 
Concentration 

(mg/kg)

Antibiotics

Anti-microbial

Phthalate

Analgesic

Anti-depressant

NSAID

Flame Retardants - Polybrominated diphenyl ethers (PBDEs)



Table 3: Representative Concentrations of CECs in Biosolids

______________________________________
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Contaminant of
Emerging Concern

103-90-2 Acetaminophen 0.01

54910-89-3 Fluoxetine 0.164

80-05-7 Bisphenol A 2.2

15687-27-1 Ibuprofen 0.30

1163-19-5 Deca-BDE 0.9

83905-01-5 Azithromycin 0.58
85721-33-1 Ciprofloxacin 4.4
114-07-8 Erythromycin - H2O 0.063
82419-36-1 Ofloxacin 0.8
723-46-6 Sulfamethoxazole 0.0003

3380-34-5 Triclosan 19

Notes:

mg/kg = Milligrams per kilogram. 

The purpose of this table is to show the concentrations of the CECs in biosolids 
used in this risk assessment.

CAS Number = Chemical Abstracts Service number from the American Chemical 
Society that provides a unique identifier for chemical substances. 
Concentrations in biosolids shown represent the maximum detected concentration 
from Metro Vancouver WWTPs (Annacis Island, Lulu Island, and Lions Gate); a total 
of 6 samples were collected from the 3 WWTPs. Because Acetaminophen and 
Sulfamethoxazole were not detected above the reporting limit, one-half of the 
highest reporting limit has been used (indicated in bold).

Anti-microbial

CAS Number

Highest Reported 
Concentration 

(mg/kg)
Analgesic

Anti-depressant

Phthalate

NSAID

Flame Retardants - Polybrominated diphenyl ethers (PBDEs)

Antibiotics



Table 4: Representative Concentrations of CECs in Runoff from Biosolids

______________________________________
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Contaminant of

Emerging Concern

103-90-2 Acetaminophen mg/L 0.00021

Guidice and Young, 2011; 
Edwards et al. 2009, 
Gottschall et al 2012; 
Sabourin et al 2009

54910-89-3 Fluoxetine mg/L Not detected Gottschall et al., 2012

80-05-7 Bisphenol A mg/L Not detected Guidice and Young, 2011

15687-27-1 Ibuprofen mg/L 0.00051

Guidice and Young, 2011; 
Edwards et al. 2009, 
Gottschall et al 2012; 
Sabourin et al 2009

1163-19-5 Deca-BDE mg/L No data available

83905-01-5 Azithromycin mg/L No data available
85721-33-1 Ciprofloxacin mg/L No data available
114-07-8 Erythromycin - H2O mg/L No data available
82419-36-1 Ofloxacin mg/L No data available
723-46-6 Sulfamethoxazole mg/L 0.00005 Sabourin et al., 2009

3380-34-5 Triclosan mg/L 0.055

Guidice and Young, 2011; 
Edwards et al. 2009, 
Gottschall et al 2012; 
Sabourin et al 2009

Notes:

mg/L = Milligrams per liter. 

The purpose of this table is to show the representative average concentrations of the CECs in surface runoff from biosolids 
literature, which was used in this risk assessment.

CAS Number = Chemical Abstracts Service number from the American Chemical Society that provides a unique identifier for 
chemical substances. 

Not detected = Concentration immeasurable by analytical methodology.

No data available = Data unavailable in the literature reviewed for these CECs and thus not evaluated.

Anti-microbial

Data obtained from literature review.

CAS Number Units

Representative Average 
Concentration 

(as taken from literature 
reviewed) Source

Analgesic

Anti-depressant

Phthalate

NSAID

Flame Retardants - Polybrominated diphenyl ethers (PBDEs)

Antibiotics



Table 5: Representative Concentrations of CECs in Grain Foods Grown 
on Land with Applied Biosolids

______________________________________
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Contaminant of
Emerging Concern

103-90-2 Acetaminophen mg/kg Not detected Yager et al, 2014

54910-89-3 Fluoxetine mg/kg Not detected Gottscholl et al 2012

80-05-7 Bisphenol A mg/kg Not detected Yager et al 2014

15687-27-1 Ibuprofen mg/kg Not detected Gottscholl et al 2012

1163-19-5 Deca-BDE mg/kg Not detected
Hale et al 2012, Gaylor 

et al 2014

83905-01-5 Azithromycin mg/kg Not detected Gottscholl et al 2012
85721-33-1 Ciprofloxacin mg/kg Not detected Gottscholl et al 2012
114-07-8 Erythromycin - H2O mg/kg No data available
82419-36-1 Ofloxacin mg/kg Not detected Gottscholl et al 2012
723-46-6 Sulfamethoxazole mg/kg No data available

3380-34-5 Triclosan mg/kg Not detected
Gottscholl et al 2012, 

Yager et al 2014

Notes:

Anti-microbial

CAS Number Units

Representative 
Concentration

(as taken from the 
literature reviewed) Source

Analgesic

Anti-depressant

Phthalate

NSAID

Flame Retardants - Polybrominated diphenyl ethers (PBDEs)

Antibiotics

mg/kg = Milligrams per kilogram. 

Not detected = Concentration immeasurable by analytical methodology.
No data available = Data unavailable in the literature reviewed for these CECs and thus not evaluated.

Data obtained from literature review.

The purpose of this table is to show the representative concentrations of the CECs in grain crops amended with biosolids.

CAS Number = Chemical Abstracts Service number from the American Chemical Society that provides a unique identifier for 
chemical substances. 



Table 6: Exposure Assumptions, Biosolids Growing Medium (a landscaping soil containing biosolids) 
Scenarios

Units Abbreviation
BW Body Weight kg BW 80 (a) 15 (a)

ATcarc Averaging Time, Cancer days ATcarc 25,550 (b) 25,550 (b)
ATnon Averaging Time, Noncancer days ATnon 7,300 (b) 2,190 (b)

EF Exposure Frequency days/year EF 52 (c) 52 (c)
ED Exposure Duration years ED 20 (a) 6 (a)

BGM - Dermal Contact

AF    Soil to Skin Adherence Factor mg/cm2-event AF 0.07 (a) 0.2 (d)
SAs    Skin Surface Area/Soil cm2 SAs 6,032 (a) 2,690 (a)
ABS    Dermal Absorption Fraction for Compost unitless ABS
EvF    Event Frequency events/day EvF 1 (c) 1 (c)

BGM - Incidental Ingestion

IRS    Incidental Ingestion Rate for Compost mg/day IRS 100 (a) 200 (a)

Notes:
The purpose of this table is to show the various exposure assumptions used for Biosolids Growing Medium (BGM) in this risk assessment.
Averaging Time = Period over which exposure is averaged.
cm2 = Centimeters squared.

kg = Kilograms.
mg = Milligrams.
mg/kg-day = Milligrams per kilogram per day.

(b)  Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). U.S. EPA 1989.  
(c)  Best Professional Judgement.
(d)  Based on maximum value reported for body parts for child activities with soil (feet). Exposure Factors Handbook. U.S. EPA 2011.  

(a)  Recommended Default Exposure Factors.  Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. U.S. 
Environmental Protection Agency (2014).  

Receptor-Specific Exposure Parameter
Adult Gardener Child Playing

Chemical Specific Chemical Specific

_______________________________________________________
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Table 7: Exposure Assumptions, Biosolids Scenarios

Units Abbreviation
Body Weight kg BW 80 (a) 80 (a)
Averaging Time, Cancer days ATcarc 25,550 (b) 25,550 (b)
Averaging Time, Noncancer days ATnon 7,300 (b) 9,125 (b)
Exposure Frequency days/year EF 12 (c) 220 (c)
Exposure Duration years ED 20 (c) 25 (a)
Biosolids - Dermal Contact

   Soil to Skin Adherence Factor mg/cm2-event AF 0.13 (d) 0.16 (e)
   Skin Surface Area/Soil cm2 SAs 374 (f) 374 (f)
   Dermal Absorption Fraction from Biosolids unitless ABS
   Event Frequency events/day EvF 1 (c) 1 (c)
Biosolids - Incidental Ingestion

   Incidental Ingestion Rate for Biosolids mg/day IRS 100 (a) 100 (a)
Surface Water - Dermal Contact

   Surface Water Absorbed Dose per Event L/cm2-event DAevent Chemical Specific NA
   Skin Surface Area/Surface Water cm2 SAw 374 (f) NA
   Event Time hours/event EvT 0.5 (c) NA  
   Event Frequency events/day EvF 1 (c) NA
Surface Water - Incidental Ingestion
  Ingestion Rate for Surface Water L/day IRW 1 (c) NA

Notes:
The purpose of this table is to show the various exposure assumptions used for biosolids in this risk assessment.
Averaging Time = Period over which exposure is averaged.
cm2 = Centimeters squared.

kg = Kilograms.
mg = Milligrams.
mg/kg-day = Milligrams per kilogram per day.
NA = Not applicable

(b) Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part A). U.S. EPA 1989.  
(c) Best Professional Judgement
(d) Based on maximum value reported for body parts for adults outdoor sports (hands). Exposure Factors Handbook.  U.S. EPA 2011.  
(e) Based on maximum value reported for body parts for adults activities with soil (hands). Exposure Factors Handbook. U.S. EPA 2011.  
(f)  Based on arms and hands of an adult. Exposure Factors Handbook. U.S. EPA 2011.  

(a) Recommended Default Exposure Factors. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors.
    U.S. Environmental Protection Agency (2014).  

Receptor-Specific Exposure Parameter
Adult Hiker  Occupational Worker

Chemical Specific Chemical Specific

__________________________________________________________
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Table 8: Dermal Absorption Factors

CAS
Contaminant of 

Emerging Concern

Dermal Absorption 
Fraction From 
Biosolids/BGM

(unitless) Source 
Analgesic

103-90-2 Acetaminophen 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

Anti-depressant

54910-89-3 Fluoxetine 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

Phthalate

80-05-7 Bisphenol A 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

NSAID

15687-27-1 Ibuprofen 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

1163-19-5 Deca-BDE 0.14 Based on value listed for PCBs. U.S. 
EPA 2004. 

Antibiotics

83905-01-5 Azithromycin 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

85721-33-1 Ciprofloxacin 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

114-07-8 Erythromycin - H2O 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

82419-36-1 Ofloxacin 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

723-46-6 Sulfamethoxazole 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

Anti-microbial

3380-34-5 Triclosan 0.10 Based on value listed for semi-volatile 
compounds. U.S. EPA 2004. 

Notes:  

Flame Retardants - PBDE

The purpose of this table is to show the various dermal absorption fractions of each CEC that is absorbed through the skin 
during biosolids exposure. 
Dermal absorption fraction = amount of the chemical (fraction of mass) that is absorbed through the skin during the 
CAS Number = Chemical Abstracts Service number from the American Chemical Society that provides a unique identifier 
for chemical substances. 
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Table 9: Chemical-Specific Parameters for Dermal Exposure to Water Runoff from Biosolids

Adult Hiker 

MW log KOW Kp B FA τ t* DA τ 
(unitless) (unitless) (cm/hr) (unitless) (unitless) (hr/event) (hr) L/cm2-ev event/t*

Acetaminophen 151.2 0.5 0.00 0.00 1.00 0.7 1.8 0.00 0.42
Fluoxetine 309.3 4.1 0.01 0.09 1.00 5.7 13.6 0.00 0.42
Bisphenol A 228.3 3.4 0.01 0.09 1.00 2.0 4.8 0.00 0.42
Ibuprofen 206.3 3.7 0.03 0.17 1.00 1.5 3.6 0.00 0.42
Deca-BDE 959.2 9.5 0.01 0.14 1.00 24700.7 59281.7 0.00 0.42
Azithromycin 785.0 0.5 0.00 0.00 1.00 2613.3 6271.9 0.00 0.42
Ciprofloxacin 331.3 0.3 0.00 0.00 1.00 7.5 18.1 0.00 0.42
Erythromycin - H2O 733.9 3.1 0.00 0.00 1.00 1352.2 3245.2 0.00 0.42
Ofloxacin 361.4 2.1 0.00 0.00 1.00 11.1 26.6 0.00 0.42
Sulfamethoxazole 253.3 0.9 0.00 0.00 1.00 2.8 6.6 0.00 0.42
Triclosan 289.5 4.8 0.06 0.37 1.00 4.4 10.5 0.00 0.42

Notes:

(a)  Values for Kp, B, τ, and t* calculated using equations from U.S. EPA RAGS PART E (U.S. EPA 2004).
(b)  Dermal Adsorption Dose (DAD) calculated as follows (U.S. EPA 2004):

For organics, where Tevent ≤ t*: DAD = 2 x FA x Kp x [(6 x τ x Tevent)/π]^0.5 x 10-3 l/cm3

For organics, where Tevent > t*:  DAD = FA x Kp x [(Tevent/(1 + B)) + 2 x τ x ((1 + 3B + 3B2)/(1 + B)2)] x 10-3 l/cm3

MW = Molecular Weight.
cm = Centimeters.
DA = dermal absorption /ev/EPC.
hr = Hours.
L = Liters.
Kp = Dermal permeability constant.
FA = Fraction absorbed water.
B = Relative contribution of permeability coefficients.
τ  = Lag time.
t* = Time to reach steady state.
Tevent = Event time.
RAGS = Risk Assessment Guidance for Superfund.

Contaminant of Emerging 
Concern   (a) (b)

The purpose of this table is to show the various parameters that were used in calculating the Adult Hiker exposure scenario in this risk assessment. Concentration of 
CECs in water is based on runoff from biosolids research plots (from Edwards et al 2009, Gottschall et al 2013, Guidice and Young 2011, Sabourin et al 2009). Data 
obtained from Literature Review.
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Table 10: Acceptable Daily Intake (ADI) Values Used in Analysis

Contaminant of Emerging 
Concern Carcinogen/EDC Toxicity Value Toxicity Value Description Reference UF ADI

(mg/kg-day)

Analgesic
Acetaminophen 8.125 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.0027

Anti-depressant
Fluoxetine 0.125 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.000042

Phthalate
Bisphenol A Yes 50 LOAEL U.S. EPA: IRIS database 1000 0.050

NSAID
Ibuprofen 1.25 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.00042

Flame Retardants - PBDE
Deca-BDE Yes 0.0007 Cancer slope factor U.S. EPA: IRIS database -- 0.0014

Antibiotics
Azithromycin 3.125 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.0010
Ciprofloxacin 1.25 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.00042

Erythromycin - H2O 3.125 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.0010
Ofloxacin 2.5 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.00083

Sulfamethoxazole 5 Lowest therapeutic dose FDA: Drugs@FDA.gov 3000 0.0017
Anti-microbial

Triclosan 75 NOAEL Snyder et al., 2008 1000 0.075

Notes:
The purpose of this table is to show the various Acceptable Daily Intake values used for calculating the exposure scenarios in this risk assessment.
ADI = Acceptable Daily Intake - the quantity of a substance (food or drink) that can be ingested daily basis over a lifetime with no appreciable health risk
EDC = endocrine-disrupting compound 
IRIS - Integrated Risk Information System (U.S. EPA)

mg/kg-day = milligrams per kilogram per day

NOAEL = No Observed Adverse Effect Level =  level of exposure of an organism, found by experiment or observation, at which there is no biologically or statistically significant increase in the frequency or 
severity of any adverse effects in the exposed population when compared to its appropriate control.
LOAEL = Lowest Observed Adverse Effect Level = Lowest concentration or amount of a substance, found by experiment or observation, that causes an adverse alteration of morphology, function, capacity, 
growth, development, or lifespan of a target organism distinguished from normal organisms of the same species under defined conditions of exposure.

UF = Uncertainty Factor = One of several default factors used in deriving the reference dose (RfD) and reference concentration (RfC) from experimental data. The factors are intended to account for (1) 
variation in susceptibility among the members of the human population (i.e., inter-individual or intraspecies variability); (2) uncertainty in extrapolating animal data to humans (i.e., interspecies uncertainty); (3) 
uncertainty in extrapolating from data obtained in a study with less-than-lifetime exposure (i.e., extrapolating from subchronic to chronic exposure); (4) uncertainty in extrapolating from a LOAEL rather than 
from a NOAEL; and (5) uncertainty associated with extrapolation when the database is incomplete.

______________________________________________________________________
Biosolids Risk Assessment Page 1 of 1



Table 11: Exposure to Biosolids Growing Medium (a landscaping soil containing biosolids) without 
Adverse Health Effects

____________________________________________________
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Adult Gardener Child Playing Adult Gardener Child Playing
Analgesic
Acetaminophen 0.0015 10,693 1,124 144,503,050 4,554,921
Anti-depressant
Fluoxetine 0.029 165 17 113,456 3,576
Phthalate
Bisphenol A 0.3 197,413 20,742 12,415,937 391,366
NSAID
Ibuprofen 0.06 1,645 173 579,265 18,259
Flame Retardants - PBDE
Deca-BDE 0.11 17,646 6,374 3,103,929 336,343
Antibiotics
Azithromycin 0.092 4,113 432 892,143 28,121
Ciprofloxacin 0.43 1,645 173 76,874 2,423
Erythromycin - H2O 0.0119 4,113 432 6,889,077 217,153
Ofloxacin 0.05 3,290 346 1,368,076 43,124
Sulfamethoxazole 0.0001 6,580 691 2,223,123,848 70,075,702
Anti-microbial
Triclosan 3.9 296,120 31,114 1,538,286 48,489

Notes:
The purpose of this table is to show the number of years it would take before adverse health effects could occur from the Biosolids Growing Medium (BGM) 

exposure scenarios in this risk assessment.
mg/kg = Milligrams per kilogram. 
Representative Concentration in BGM based on average detected concentration for each CEC in Annacis Island (Class A) biosolids samples. 

Exposure to BGM Without Adverse Health 
Effects (Years)

Acceptable Concentrations in BGM 
(mg/kg)Representative 

Concentration
 in BGM (mg/kg) 

Contaminant of Emerging 
Concern 



Table 12: Exposure to Biosolids without Adverse Health Effects
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Contaminant of Emerging 
Concern Adult Hiker 

Occupational 
Worker Adult Hiker 

Occupational 
Worker

Analgesic
Acetaminophen 0.01 62,847 3,392 163,239,349 11,012,128
Anti-depressant
Fluoxetine 0.164 967 52 117,912 7,954
Phthalate
Bisphenol A 2.2 1,160,255 62,617 10,405,875 701,980
NSAID
Ibuprofen 0.30 9,669 522 648,912 43,776
Flame Retardants - PBDE
Deca-BDE 0.9 113,913 4,899 2,655,311 50,977
Antibiotics
Azithromycin 0.58 24,172 1,305 830,652 56,036
Ciprofloxacin 4.4 9,669 522 43,949 2,965
Erythromycin - H2O 0.063 24,172 1,305 7,698,083 519,313
Ofloxacin 0.8 19,338 1,044 482,234 32,532
Sulfamethoxazole 0.0003 38,675 2,087 2,511,374,600 169,417,358
Anti-microbial
Triclosan 19 1,740,383 93,925 1,794,209 121,037

Notes:

mg/kg = Milligrams per kilogram. 
Representative Concentration in biosolids based on the maximum detected concentration from Metro Vancouver WWTPs (Annacis Island, Lulu Island, 
Lions Gate); a total of 6 samples were collected from the 3 WWTPs. 

Exposure to Biosolids Without Adverse 
Health Effects (Years)

Acceptable Concentrations in 
Biosolids (mg/kg)

Representative 
Concentration

 in Biosolids (mg/kg) 

The purpose of this table is to show the number of years it would take before adverse health effects could occur from biosolids exposure scenarios in 
this risk assessment.



Table 13: Exposure to Surface Water without Adverse Health Effects

Acceptable 
Concentration in Surface 

Water (mg/L)

Exposure to Surface Water 
without Adverse Health 

Effects (Years)

Adult Hiker Adult Hiker 
Analgesic
103-90-2 Acetaminophen 0.000207 6.6 636,561
Anti-depressant
54910-89-3 Fluoxetine Not detected 0.099 Not calculated
Phthalate
80-05-7 Bisphenol A Not detected 120 Not calculated
NSAID
15687-27-1 Ibuprofen 0.000507 0.99 38,895
Flame Retardants - PBDE
1163-19-5 Deca-BDE No data available 5.2 Not calculated
Antibiotics
83905-01-5 Azithromycin No data available 2.5 Not calculated
85721-33-1 Ciprofloxacin No data available 1.0 Not calculated
114-07-8 Erythromycin - H2O No data available 2.5 Not calculated
82419-36-1 Ofloxacin No data available 2.0 Not calculated
723-46-6 Sulfamethoxazole 0.000051 4.1 1,589,964
Anti-microbial
3380-34-5 Triclosan 0.055037 168 61,103

Note:

Acceptable concentrations are from the Literature Review.

mg/L = Milligrams per liter. 

Significance of "No data available" = The acceptable concentration is calculated based on the exposure and toxicity assumptions and does not 
depend on the representative concentration.

Contaminant of Emerging Concern

Representative 
Concentration 

(mg/L)

The purpose of this table is to show the number of years it would take before adverse health effects could occur from consuming surface water 
run-off from biosolids forest or rangeland application.

Significance of "Not detected" = The acceptable concentration represents the concentration of the chemical that could be present in surface water 
and not cause adverse health effects. That concentration is calculated based on the exposure and toxicity assumptions and does not reflect 
whether a chemical is actually present in surface water. Thus, the acceptable concentration is calculated without any input from the representative 
concentration, which is the concentration of the chemical in surface water.

Significance of " Not calculated" = The years of exposure without an adverse health effect represents the number of years an individual would 
need to be exposed based on the concentration of the chemical present in the surface water (i.e., the representative concentration) and not result 
in an adverse health effect based on the exposure assumptions and toxicity of the chemical.

Concentration of CECs in water is based on runoff from biosolids research plots (from Edwards et al 2009, Gottschall et al 2013, Guidice and 
Young 2011, Sabourin et al 2009)
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Table 14: Exposure Required for Equivalent Therapeutic Dose  or Typical Daily Intake

Child Playing
BGM

Adult Gardener
BGM

Adult Hiker
Biosolids 

Occupational 
Worker

Biosolids
Analgesic
Acetaminophen 1,000 2 caplets of Extra Strength Tylenol 51,196,860 91,361,254 103,207,175 5,569,886
Anti-depressant

Fluoxetine 20
Recommended starting daily dose of 
Prozac 52,256 93,251 96,914 5,230

Phthalate
Bisphenol A 0.0027 0.12 1 1 0.05
NSAID
Ibuprofen 200 1 tablet of Advil 266,801 476,108 533,353 28,784
Flame Retardants - PBDE
Deca-BDE 0.00014 0.09 0.15 0.13 0.007
Antibiotics
Azithromycin 250 Lowest daily dose 205,454 366,634 341,364 18,423
Ciprofloxacin 250 Lowest daily dose 44,259 78,981 45,153 2,437
Erythromycin - H2O 1,000 Recommended daily dose 6,346,009 11,324,511 12,654,383 682,932
Ofloxacin 400 Lowest daily dose 630,115 1,124,446 396,357 21,391
Sulfamethoxazole 400 Lowest daily dose 511,968,597 913,612,540 1,032,071,754 55,698,858
Anti-microbial

Triclosan
4.4 (adult)          
1.1 (child)

Daily intake from typical consumer 
products 22 155 180 10

Notes:
The purpose of this table is to show the number of years of exposure it would take to receive the therapeutic dose or typical daily intake of the various CECs.
mg = Milligrams. 
BGM = Biosolids Growing Medium (a landscaping soil containing biosolids).
(a)  Sources for description include: 
http://www.tylenol.com/safety-dosing/usage/dosage-for-adults
http://www.advil.com/advil
http://www.rxlist.com/prozac-drug/indications-dosage.htm
http://www.accessdata.fda.gov/scripts; 
http://www.accessdata.fda.gov/drugsatfda_docs

Therapeutic Dose 
or Typical Daily 

Intake
(mg) Description  (a)(b)(c)(d)

(d) Daily intake for Triclosan uses combined triclosan intake estimates for consumer products (0.074 mg/kg/day for children; average of 0.0555 mg/kg/day for adults) from Triclosan: A critical review of the 
experimental data and development of margins of safety for consumer products (Rodricks et al. 2010)

(b)  Daily intake for Bisphenol A uses median intake for the sample population (33.7 ng/kg-bw/day) from Daily intake of bisphenol A and potential sources of exposure: 2005-2006 National Health and 
Nutrition Examination Survey  (LaKind and Naiman 2011). Note that comparison exposure for child was modified based on ratio of child:adult body weight (15 kg:80 kg).

(c) Daily intake for Deca-BDE is the sum of exposure doses for BDE-209 from Table E-2 in EPA's exposure assessment of PBDEs, May 2010 
(http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=210404).

Contaminant of Emerging 
Concern

Years of Exposure to Receive Equivalent Dose
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Appendix A: Summary of COPC Literature Review

Category Specific compound
Constituent Concentration in biosolids (in 

mg kg) Biosolids Type Assigned Individual
Concentration to Assume in Biosolids 

(mg/kg) Source Notes
Analgesic Acetaminophen 0.017 Class B Ag Worker, Hiker 0.29 Edwards et al, 2009

< .00152  to 0.854  Yager et al., 2014

The low numbers were in fresh biosolids and the high number in 

the range is from one weathered sample

BD Class B and Compost Child at Play, Gardener BD Caitlin's PHD In biosolids and compost

Anti depressant Fluoxetine 0.17 +/‐0.05 Class B Ag worker, Hiker 0.087 McClellan and Halden, 2010

0.00099‐0.00569  Class B Yager et al., 2014 In fresh and weathered biosolids

0.0597 and 0.0657  Class B Caitlin Youngquist, Dissertation In biosolids

0.138 and 0.147 Class B Caitlin Youngquist, Dissertation In 2nd feedstock

0.0228 and 0.0203  Compost Child at Play, Gardener 0.036 Caitlin Youngquist, Dissertation In compost at 35 days

0.052 and 0.049  Compost Caitlin Youngquist, Dissertation In compost at 85 days

0.109 Class B Gottschall et al, 2012

<BD Class B Edwards et al, 2009

Birth control EE2 17 ethinylestradiol 0.00061 Class B Ag worker, Hiker, Gardener, Child at Play 0.001 Campbell et al 2006

0.0015 Class B Anderson et al 2003

<BD Class B Andaluri et al., 2011

Phthalate BPA 0.22 Class B Ag worker, Hiker, Gardener, Child at Play 9.0425 Langdon et al., 2012 Samples from Centrifuge

0.15 Class B Langdon et al., 2012 Samples from Lagoon

2.4‐33.4 Class B Yager et al., 2014

NSAID Ibuprofen 0.25 +/‐ 0.1 Class B Ag worker, Hiker, Gardener, Child at Play 0.35 McClellan and Halden, 2010

0.064 Class B Gottschall et al, 2012

0.75 Class B Edwards et al, 2009

Flame Retardents ‐ PBDEs Deca‐BDE 2 to 16 Class B Ag worker, Hiker 4.10 Hale et al., 2012 Range of Deca‐BDE in US; 

Sum of 3 congeners 1.25 Class B Andrade et al., 2010

One plant in the mid atlantic did a sum of 3 congeners which 

held steady for 32 months

Congeners 0.7 Class B Xia et al. 2009 Aerobic system; Sum of PBDE congeners

Congeners 0.55 Class B Xia et al. 2009 Anaerobic; Sum of PBDE congeners

Congeners 0.24 Compost Child at Play, Gardener 0.24 Xia et al. 2009 Compost; Sum of PBDE congeners

 1.08‐7.8 Hale et al., 2012 Range of different types of penta, deca etc. in Chicago

0.57‐1.5 Hale et al., 2012 Range of values from a mid atlantic plant

Penta‐BDE 1.76 Hale et al., 2012

Targeted National Sewage Sludge Survey (TNSS) in 2006‐2007 

for Penta cogeners

Penta‐ BDE 11 Hale et al., 2012 Most reported in TNSS for penta

BDE‐209 17 Hale et al., 2012 Most reported in TNSS for BDE‐209

Antibiotics Azithromycin 0.84 +/‐ 0.2 Class B Ag worker, Hiker 0.46 McClellan and Halden, 2010

0.338 and 0.373 Class B Caitlin Youngquist, Dissertation In feedstock 1

0.538 and 0.426 Class B Caitlin Youngquist, Dissertation In feedstock 2

0.0139 and 0.0131 Compost Child at Play, Gardener 0.035 Caitlin Youngquist, Dissertation Compost at 35 days

0.0565 and 0.0549 Compost Caitlin Youngquist, Dissertation Compost at 85 days

0.228 Class B Gottschall et al, 2012

Ciprofloxacin 6.9 +/‐  2.3 Class B Ag worker, Hiker 3.355 McClellan and Halden, 2010

1.3 and 2.07 Class B Caitlin Youngquist, Dissertation In feedstock 1

3.23 and 3.37 Class B Caitlin Youngquist, Dissertation In feedstock 2

0.381 and 0.79 Compost Caitlin Youngquist, Dissertation Compost at 35 days

1.36 and 1.19 Compost Child at Play, Gardener 0.93 Caitlin Youngquist, Dissertation Compost at 85 days

3.26 Class B Gottschall et al, 2012

Erythromycin‐ H2O 0.08 +/‐0.05 Class B Ag worker, Hiker 0.02 McClellan and Halden, 2010

0.006 and 0.0084 Class B Caitlin Youngquist, Dissertation In feedstock 1

0.025 and 0.02 Class B Caitlin Youngquist, Dissertation In feedstock 2

BD Compost Child at Play, Gardener 0.006 Caitlin Youngquist, Dissertation Compost at 35 days

0.006 and 0.0057 Compost Caitlin Youngquist, Dissertation Compost at 85 days

<0.00332  Class B Yager et al., 2014 For fresh and weathered biosolids
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Appendix B: Summary of COPC Literature Review

Category Specific compound
Constituent Concentration in biosolids (in 

mg kg) Biosolids Type Assigned Individual
Concentration to Assume in Biosolids 

(mg/kg) Source Notes
Ofloxacin 5.6 +/‐ 1.9 Class B Ag worker, Hiker 1.782 McClellan and Halden, 2010

0.51 and 0.62 Class B Caitlin Youngquist, Dissertation In feedstock 1

1.3 and 1.26 Class B Caitlin Youngquist, Dissertation In feedstock 2

0.257 and 0.801 Compost Caitlin Youngquist, Dissertation Compost at 35 days

0.755 and 0.812 Compost Child at Play, Gardener 0.66 Caitlin Youngquist, Dissertation Compost at 85 days

1.4 Class B Gottschall et al, 2012

Sulfa antibiotic Sulfamethoxazole 0.0015 and 0.0015 Class B Ag worker, Hiker 0.005632 Caitlin Youngquist, Dissertation 1st feedstock sample

BD and 0.007 Class B Caitlin Youngquist, Dissertation 2nd feedstock sample

< 0.00316 Class B Yager et al., 2014 For fresh and weathered biosolids

ND Class B McClellan and Halden, 2010

0.015 Class B Edwards et al 2009

BD Class B and Compost Child at Play, Gardener BD Caitlin Youngquist, Dissertation In feedstock and compost

Anti‐microbial Triclosan (TCS) 12.6 +/‐ 3.8 Class B Ag worker, Hiker 17.2 McClellan and Halden, 2010

10.9 Class B Gottschall et al, 2012

8 Class B Edwards et al 2009

7.6 Class B Xia et al. 2009 Aerobic

9.1 Class B Xia et al. 2009 Anaerobic

1.2 Compost Child at Play, Gardener 1.2 Xia et al. 2009 Compost

8 Class B Al‐Rajab et al, 2009 Aerobic

5.2 Class B Langdon et al., 2012 In Centrifuge samples

6.1 Class B Langdon et al., 2012 In Lagoon samples

BD Class B Caitlin Youngquist, Dissertation In feedstock 1

0.018 and 0.022 Class B Caitlin Youngquist, Dissertation In feedstock 2

BD Compost Caitlin Youngquist, Dissertation In compost

102, 42.5, and 11.9 Class B Yager et al., 2014 3 samples
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Sample Location
Sample Date 22-Jan-16 29-Jan-16 20-Jan-16 27-Jan-16 21-Jan-16 28-Jan-16

COPC ng/g ng/g ng/g ng/g n/g ng/g
Acetaminophen * <15.4 <14.2 <14 <14.5 <14.5 <14.6
Fluoxetine 164 126 88.6 141 149 151
Bisphenol A 1700 1480 2070 2080 2230 1540
Ibuprofen 270 298 122 136 134 113
Deca-BDE 589 548 312 323 309 858
Azithromycin 475 447 504 582 229 210
Ciprofloxacin 1990 2290 4400 4100 2420 3720
Erythromycin-H2O 62.8 56.6 9.82 9.08 50.5 50.2
Ofloxacin 211 270 802 649 246 377
Sulfamethoxazole * <0.616 <0.569 <0.561 <0.579 <0.578 <0.586
Triclosan 19100 19400 7390 6290 10400 12100

Notes:

ng/g = nanograms per gram
mg/kg = milligrams per kilogram
ng/g = 0.001 mg/kg
Biosolids samples analyzed as part of Northwest Biosolids Voluntary Trace Organics Survey (2016).      
Analysis completed by Axys Analytical Services, Ltd. (Sidney, British Columbia).

Appendix B - Biosolids Data

Lulu Island Lions GateAnnacis Island

*not detected at the analytical Reporting Limit (RL), therefore result presented above indicated as < RL 
(e.g., RL for acetaminophen is 15.4 ng/g, therefore reported as  <15.4 ng/g
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