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Abstract 

The Canadian Boreal region, a remote area, offers not only pristine landscapes and ecosystem 

services but also a wide range of natural resources for extraction. The construction industry, a 

large lubricant consumer, is present in the Boreal region and should reduce its footprint caused 

by used lubricant oils (ULOs). In Canada, a million litres of ULOs are not recovered through the 

regulatory framework. Unfortunately, remote conditions of the Boreal may discourage easy ULO 

collection and recovery. This thesis presents effective solutions to reduce ULO consumption. 

Laboratory analysis can reduce ULO generation by half and up to five times when coupled with 

in-depth filtration. The scientific literature was reviewed to provide greater understanding of 

ULOs, such as related composition, legislation, and toxicity. Recommendations are proposed to 

foster sustainable management in remote areas. Changes for the Canadian environmental laws, 

onsite handling procedures, and lubricant choice for construction activities are among the 

recommendations. 
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Introduction and Background 

The Canadian Boreal region offers pristine landscape and ecosystem services that need to 

be preserved. The construction industry, a large lubricant consumer, is present in the Boreal 

region and should reduce the ULO volumes that are generated onsite. A reduction in ULO 

volumes is one of the solutions for sustainable development in the future. 

Virgin Lubricant Oils and Used Lubricant Oils 

The amount of virgin lubricant oils (VLOs) produced worldwide represents around 40 

million metric tons a year (Thinnes, 2011; Weirauch, 2005), which is equivalent to 44 billion 

litres (M. Zidoune, personal communication, January 31, 2013). End-use industries—such as 

automotive, construction, transportation, and industrial machinery—are heavily dependent on 

lubricant oils (Machinery Lubrication, 2012). Lubricant oil is among the few oil products in 

which only a fraction is consumed during its use (Teramae, Sousa, Angelis, & Bidoia, 2012); 

therefore, the rest accumulates as a waste and needs to be managed and disposed of appropriately 

according to its composition. In fact, during usage, lubricating oils degrade and become 

contaminated while losing their lubricating properties, thereby becoming waste (Bourque, 2010; 

United States Environmental Protection Agency [USEPA], 2013). Given the large consumption 

of virgin lubricant oils, effective solutions are urgently needed to prevent the discharge of this 

potentially harmful waste into the environment. 

Used lubricating oils (ULOs) were identified as the largest source of liquid organic 

hazardous waste in Canada by the Canadian Council of Ministers of the Environment (1989) 

nearly 24 years ago, and their toxic effects have been acknowledged through many studies since 

then. Statistics Canada (2012) reported the quantity of lubricating oils and grease in use was 
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1,084 million litres in 2011. Five provinces of Canada (British Columbia, Alberta, Manitoba, 

Saskatchewan, and Québec) reported the quantity of VLOs they bought in 2011 to the Used Oil 

Management Association (UOMA). The volume reported was 421 million litres, but over 195 

million litres (46%) were not documented as recovered through the regulatory framework (Used 

Oil Management Association [UOMA], 2013). No studies were conducted regarding the actual 

disposal of the 195 million litres of ULO not reported in 2011. The non-reported ULOs could be 

either attributed to leaking from car and machinery on driveways, highways, and so on; burned 

in engines; thrown away as domestic waste; or other directly dumped in sewers, ditches, and so 

on. The volume of ULOs not recovered by the rest of the provinces and territories was not 

available through Statistics Canada, UOMA or other sources of information. Considering that 

one litre of ULO can possibly contaminate one million litres of fresh water (Canadian Fuels 

Association, 2013; Insurance Bureau of Canada, 2013; OneDrop, 2013; UOMA, 2013; USEPA, 

2013), the volume of uncollected oil and its potential harmful effect to the environment may be 

significant. Therefore, an assessment of methods to reduce lubricant oil consumption by 

increasing its lifespan and by eliminating oil spills is critical. Recovery of the entire collectable 

quantity by enhancing the governance and legislation over ULO management, such as 

traceability from cradle to grave, is also imperative. 

ULOs released to land, landfill, and sewer, openly burned, or used as a dust suppressant 

on roads (except for Alberta) is prohibited (Environment Canada, 2011a). No legal documents, 

regulations, or standards, for example, were located regarding the obligation to declare the 

traceability of the ULOs on a project scale. 
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An assumption can be made that a greater volume of ULOs are recovered where storage 

and collection facilities are available. Re-refineries or cement plants (i.e., cement kilns), which 

are probably the major facilities to consume ULOs, are also located nearby urban areas, agreed 

M. Bélanger (personal communication, May 10, 2013). Figure 1 shows urban and uninhabited 

areas of Canada, in other words the anthropogenic footprint, and Figure 2 indicates the 

population density of Canada. 

The difficulty of collection and recovery of ULOs in remote areas, therefore, may explain 

a significant portion of the unrecovered volumes. A remote area is defined in this paper as a 

construction site located more than 300 km from the nearest registered ULO collector, re-

treatment, re-refinery, or other equivalent facility in active operation. The definition of remote 

area also includes construction sites with limited or no access by road or ferry. The Boreal Below 

report in 2008 stated that the capacity of monitoring and of providing a baseline for 

environmental information are particular problems in the remote location of Boreal mines 

(Northwatch and Mining Watch Canada, 2008). Moreover, remote areas are often surrounded by 

potentially fragile or pristine ecosystems. Given these observations, the Boreal region of Canada 

is the focus for this research; it is an area that is known for its remoteness, rich biodiversity, and 

for its world-class importance. 
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Figure 1. The anthropogenic footprint is represented by the red dots and the green boundary 

represents the Boreal region and, along with the next illustration, both maps suggest that only a 

small proportion of the Canadian population is actually in direct contact with the Boreal region 

and able to witness the anthropogenic changes on the environment. 

Note. From A Forest of Blue: Canada’s Boreal (p. 27), by Pew Environment Group, 2011, 

Seattle, WA: Pew Environment Group. Copyright 2011 by Pew Environment Group. Reprinted 

with permission. Retrieved from 

http://www.pewenvironment.org/uploadedFiles/PEG/Publications/Report/PEGBorealWaterRepo

rt11March2011.pdf 
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Figure 2. Canada’s population density is represented by the coloured sections and the black 

indicates sparsely populated, which again indicates that only a small proportion of the Canadian 

population is actually in direct contact with the Boreal region and able to witness the 

anthropogenic changes on the environment. 

Note. From Population Density, 2006, by Dissemination Area (DA), retrieved on March 18, 

2013. Copyright 2011 by Statistics Canada. Reproduced and distributed on an “as is” basis with 

the permission of Statistics Canada. 

The Boreal Region 

The Boreal name comes from the Greek god Boreas meaning the north wind (Anielski & 

Wilson, 2005; Faune et Flore du Pays, 2013). The Boreal region extends over a surface of 5.8 

million km2 and is the largest ecosystem of Canada, comprising about 58.5% of the country 

(Anielski & Wilson, 2009). This region stretches from the east to west of Canada, more than 
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5,000 km, from the Newfoundland-and-Labrador province to the Yukon territory, then, from the 

border of the Arctic tundra, it covers approximately 1,000 km southward (Anielski & Wilson, 

2005; Faune et Flore du Pays, 2013; see Figure 1). The Boreal region has the largest freshwater 

reserves on the planet (800,000 km2) that are considered crucial to world climate regulation (Pew 

Environment Group, 2011; see Figure 3). 

Figure 3. This map represents the percentage of Canadian Boreal covered by wetlands and 

suggests that any construction projects in the Boreal region are subject to be near or over a water 

body (wetlands); therefore, the freshwater is likely to be contaminated if hazardous materials are 

not handled in an environmentally sound manner. 

Note. From Photos: A Forest of Blue—Canada’s Boreal Forest, by The Pew Charitable Trusts, 

2012. Copyright by The Pew Charitable Trusts. Reprinted with permission. Retrieved from 

http://www.pewenvironment.org/news-room/other-resources/Photos-A-Forest-of-Blue-Canadas-

Boreal-Forest-328892 
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Also, the forest, wetlands, and waterways provide an essential contribution to maintain 

the global environment by supporting a rich diversity of wild plants and animals, including 

extensive habitats of freshwater mammals, fish, and migratory birds (Pew Environment Group, 

2011). The flow of intact waterways, from headwaters to deltas (i.e., undammed rivers; see 

Figure 4), carry sediment and essential nutrients as well as maintain abundant inland-water fish 

and migratory fish populations from the Atlantic, Arctic, and Pacific oceans and the huge 

Hudson Bay (Benke & Cushing, 2005; Pew Environment Group, 2011). 

Figure 4. The Boreal forest river flows map is there to better understand the pollutants migration 

possibilities caused by the industrial activities and the extend consequences on the ocean 

ecosystems. 

Note. From Photos: A Forest of Blue—Canada’s Boreal Forest, by The Pew Charitable Trusts, 

2012. Copyright by The Pew Charitable Trusts. Reprinted with permission. Retrieved from 

http://www.pewenvironment.org/news-room/other-resources/Photos-A-Forest-of-Blue-Canadas-

Boreal-Forest-328892 
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Additionally, the unfragmented forests represent crucial habitat and corridors for grizzly 

bears, lynxes, wolves, minks, beavers as well as endangered species, such as the woodland 

caribou (Anielski & Wilson, 2010; see Figures 5 and 6). The connectivity between elements of 

the spatial structure—such as matrix, patch, corridor, and mosaic—also plays a major role in the 

reproductive capacity between woodland caribou groups. 

Figure 5. The map shows the fragmented woodland caribou populations in Canada caused 

principally by anthropogenic activities, in particular in the south of the country and in the Alberta 

province. 

Note. From Caribou & You: About Woodland Caribou Populations, by the Canadian Parks and 

Wilderness Society (CPAWS). Reprinted with permission. Retrieved from 

http://caribouandyou.ca/about-woodland-caribou.html 

http://caribouandyou.ca/about-woodland-caribou.html
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Figure 6. Anthropogenic activities, in particular well sites exploitation from the oil and gas 

industry, may explain why the caribou population is fragmented in Alberta. 

Note. From Research and Reports: Maps, by Canadian Boreal Initiative, n.d. Copyright by 

Canadian Boreal Initiative. Retrieved from 

http://www.borealcanada.ca/popup.html?images/maps/oil-and-gas-wellsites.gif 

In the Boreal Forest corridors and wetlands, billions of songbirds and millions of 

waterfowl live and reproduce. Hundreds of species of birds, including migratory birds, nest and 

rest on the ground (see Figure 7). Oil contamination on water or directly on soil may have 

dramatic consequences on the population. 
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Figure 7. This map shows the Boreal bird’s migration trajectory and also suggests the 

importance of considering bird habitats in the Boreal region and to keep the ecosystems as 

healthy as possible. 

Note. From Boreal Birds Blog, by Boreal Songbird Initiative, 2009. Copyright 2009 by Boreal 

Songbird Initiative. Retrieved from http://borealbirds.org/blog/2009/06/17/last-great-migrations/ 
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The Boreal region covers major watersheds (see Figures 8 and 9). The watersheds 

provide biodiversity and an interdependent aquatic and terrestrial food web (Benke & Cushing, 

2005) as well as support the health and well-being of people across the globe by processing 

nutrients and pollutants (Benke & Cushing, 2005; Pew Environment Group, 2011). 

Figure 8. The Canadian drainage basins in this map and the continental watersheds shown in the 

next figure give a holistic view on the fresh water distribution around Canada and provide a 

quick visual of the human, fauna, and flora affected by construction projects. 

Note. From Drainage Basins, by Natural Resources Canada, 2007. Copyright 2007 Government 

of Canada. Contains information licensed under the Open Government License – Canada. 

Retrieved from http://atlas.nrcan.gc.ca/data/english/maps/reference/national/drainbasins/map.jpg 

http://atlas.nrcan.gc.ca/data/english/maps/reference/national/drainbasins/map.jpg
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Figure 9. The Canadian drainage basins and Canadian’s continental watersheds maps give a 

holistic view on the fresh water distribution around Canada, and quickly visualize the human, 

fauna, and flora affected by construction projects. 

Note. From Drainage Patterns, by Environment Canada, 2013. © Her Majesty The Queen in 

Right of Canada, Environment Canada, 2013. Reproduced with the permission of the Minister of 

Public Works and Government Services Canada. Retrieved from http://www.ec.gc.ca/eau-

water/45BBB7B8-9ED8-4D2B-936B-12469CA20F85/map.gif 

The Canadian Boreal Forest is estimated to provide more than $700 billion per year in 

ecosystem services (Anielski & Wilson, 2010). In personal communication, G. Brown (October 

10, 2011) discussed ecosystem services that were outlined in the United Nations’ Millennium 

http://www.ec.gc.ca/eau-water/45BBB7B8-9ED8-4D2B-936B-12469CA20F85/map.gif
http://www.ec.gc.ca/eau-water/45BBB7B8-9ED8-4D2B-936B-12469CA20F85/map.gif
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Assessment reports. Ecosystem services are the benefits that people get from nature and are 

classified into four main groups: 

● provisioning services (e.g., lumber, food, drinking water—directly used goods and 

services); 

● regulating services such as nature’s functions that regulate processes that people 

benefit from (i.e., flood control, weather and climate control, erosion control, 

pollination); 

● cultural services (i.e., the nonmaterial benefits from recreation to beauty and spiritual 

rewards); 

● supporting services, such as major ecological functions (i.e., soil formation, nutrient 

cycling, primary production, and food webs) that support the other three services 

(G. Brown, personal communication, October 10, 2011). 

Another study from Anielski and Wilson in 2010 showed that the nonmarket ecosystem 

services could be worth about 13 times more than the Canadian gross domestic product 

generated by harvesting timber, extracting oil, gas and minerals, as well as generating 

hydroelectricity. The value of the ecosystem services includes, for example, “shellfish, fish, 

waterfowl, mammal and reptile habitat [i.e., reproduction]; water supply [e.g., filtration]; 

erosion, wind, and wave barrier; storm and flood control; and many other opportunities such as 

recreational” (Anielski & Wilson, 2005, p. 54). A crucial point to keep in mind is that natural 

resource extraction is reflected into losses of ecological services. This emphasis on ecosystem 

services recognizes the importance of the natural environment and measuring the worth in order 

to bring awareness of the benefits and, thus, to give weight in societal decisions regarding the 
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many ways nature contributes to people (G. Brown, personal communication, October 10, 2011). 

The report Counting Canada’s Natural Capital: Assessing the Real Value of Canada’s Boreal 

Ecosystems (Anielski & Wilson, 2005) and The Real Wealth of the Mackenzie Region: Assessing 

the Natural Capital Values of a Northern Boreal Ecosystem (Anielski & Wilson, 2010) include 

the notion of ecosystem services in considering construction planning, budgeting, and global 

management (G. Brown, personal communication, October 10, 2011). Therefore, an 

understanding of ecosystem services reinforces our perception of the market system, helps to 

recognize the importance of social and human well-being as well as permits and supports the 

development of the country while in pursuit of short-term benefits (G. Brown, personal 

communication, October 10, 2011). 

The Construction Industry in the Boreal Region 

The Boreal Forest region is rich in raw material reserves such as timber, minerals, oil and 

gas, as well as water (i.e., hydropower; see Figure 10). In 2011, 20 new hydropower dam 

construction sites were proposed, and 100 other sites were planned as potentially advantageous 

to construct hydropower dams. Also in 2011, 105 active mines were in existence (Pew 

Environmental Group, 2011) as well as over 7,000 abandoned mines with about 3,000 of them 

within one kilometer of a lake or river (Nelson, 2011; Pew Environment Group, 2011). The oil 

and gas industry is also present in the Boreal Forest with over 155,000 active wells and 117,000 

abandoned wells; an estimated 10,000 new oil and gas wells were drilled annually in Canada 

from the years 1999 to 2009 (Pew Environmental Group, 2011). A large proportion of 

abandoned wells “are already hemorrhaging oil, brine, and greenhouse gases into the 

environment” (Kotler, 2013, para. 3). Moreover, Canada has no requirement to declare the 

location of an abandoned well, and they are typically cut off below ground surface and capped 

(Canadian Association of Petroleum Producers, 2013). 
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Figure 10. Canadian energy locations are where various industries are extracting natural 

resources (most of them are nonrenewable), are producing energy where needed, and are 

generating ULOs. 

Note. From Energy Facts & Statistics—Maps: Canada, by The Canadian Centre for Energy 

Information, 2013. Copyright 2013 The Canadian Centre for Energy Information. Reprinted with 

permission. Retrieved from http://www.centreforenergy.com/FactsStats/MapsCanada/CA-

EnergyMap.asp 

Industrial construction operations in the Boreal Forest employ a variety of heavy-duty 

machinery and vehicles, all of which can generate substantial amounts of ULOs in a relatively 

short period, compared to the operation phase of the future facilities. Unfortunately, no 

information has been located to report specific volumes of ULOs that are generated by 

construction projects.  

http://www.centreforenergy.com/FactsStats/MapsCanada/CA-EnergyMap.asp
http://www.centreforenergy.com/FactsStats/MapsCanada/CA-EnergyMap.asp
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Research Questions 

This research aims to answer the following questions: 

1. What are the possible repercussions of ULO exposure on wildlife and their supporting 

habitats of Boreal region? 

2. How can construction projects in remote areas reduce their needs and dispose of 

ULOs generated from their own activities in an environmentally sustainable manner 

to protect air, aquatic, and terrestrial resources? 

3. Can laboratory analysis of ULOs during their use provide sufficient information on 

the remaining useful life of the lubricant to prolong oil change intervals? 

4. What other recent research and methods may mitigate the impact of ULOs on the 

environment? 
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Literature Review 

The first part of this chapter reviews the most recent scientific literature on the 

composition of lubricants. The diverse compositions of lubricants are explored in different stages 

of their lifecycles. In the second part of this chapter, the international, federal, and provincial 

legislations regarding ULOs are outlined. The third part of the chapter focuses on the toxic 

effects of ULO on various species and pathways, and of ULOs partitioning into soil, water, 

sediment, and air. 

Part 1: Types of Lubricant Oils 

Lubricants are composed of base oils mixed with various other substances, and four 

major types of base oils for lubricants exist in today’s market: mineral oils (i.e., petroleum), 

synthesized oils (i.e., petroleum or chemical process), bio-based oils (i.e., vegetable- and animal-

based oils), and re-refined ULOs1. The most popular base oil type of four base oil types in total is 

mineral (which comprises 95% of base oils used in the market) for its relatively inexpensive 

direct cost and for its wide range of applications (Wright, 2012). The second popular choice is 

synthetic oil, which is generally an alternative to mineral oil. Synthetic oils can be manufactured 

using chemically modified petroleum components or by chemical synthesis (e.g., esterification 

and polymerization). Bio-based oils (vegetable-based oils) have less environmental impact than 

                                                 

1 According to the API 1509, Appendix E (Base Oil Guidelines) from the American Petroleum Institute (2011c), 

base oils are divided into five groups, three for pure mineral and two for synthetic base oils (see Figure 15). 

Synthetic based oils are manufactured by using a fundamental reaction of two compounds, which are an acid and 

an alcohol (Exxon Mobil Corporation, 2013). Synthetic lubricants can be manufactured using chemically 

modified petroleum components rather than from crude oil (USEPA, 2011). Many types of acids and alcohols can 

be used to manufacture esters (Exxon Mobil Corporation, 2013). The term bio-based oils refers to oil sourced 

from vegetable products. Bio-based oils can be seen as the lubricants offering ecological alternatives to mineral-

based oil. Re-refined based oils are generally a mixture of all application types of lubricants (i.e., crankcase, 

hydraulic, compressor, gear, transmission, etc.), from the four major types of base oils for lubricants (i.e., mineral, 

semi-synthetic, synthetic, and bio-based). Crankcase oil is also called motor oil or engine oil (Agency for Toxic 

Substances and Disease Registry, 1997a). 
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mineral and synthetic oils during production and utilization of the oils (M. Cordeau, personal 

communication, February 19, 2013). The usage is limited, however, due to temperature stability 

and applicability to fewer machines (M. Cordeau, personal communication, February 19, 2013). 

The last is re-refined oils, which provide environmental advantages compared to the 

conventional mineral oils as the process does not consume raw material and consumes less 

energy. 

Crude oil. 

According to Wright (2012), about 95% of the lubricants in use are from the conventional 

mineral-based oil that is obtained from the distillation of crude oil, a non-renewable fossil fuel. 

The Chemical Abstracts Service (CAS) registration number for crude oil is CAS 8002-05-9 

(2013) and, according to the American Petroleum Institute (American Petroleum Institute [API], 

2011a), the definition for crude oil is 

A complex combination of hydrocarbons. It consists predominantly of aliphatic, alicyclic 

and aromatic hydrocarbons. It may also contain small amounts of nitrogen, oxygen and 

sulfur compounds. This category encompasses light, medium, and heavy petroleums, as 

well as the oils extracted from tar sands. 

Petroleum can vary from thin, light-coloured oils principally composed of gasoline-

quality stock to heavy and thick tar-like substances (API, 2011a). 

Formation. 

Oil is formed via the action of heat and pressure on organic materials over millions of 

years (Oil & Gas UK, 2013; OilPrice.com Editorial Dept, 2009). The organic materials—such as 

tiny decayed algae, bacteria, zooplankton, and plants—were trapped and preserved under many 

layers of sediments by settling on the bottom of an ocean, sea, or lake under anaerobic conditions 

and thus buried deeply and subjected to increasing pressure (OilPrice.com Editorial Dept, 2009). 
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The pressure and heat slowly cook and alter the organic material into crude oil (Oil & Gas UK, 

2013), hence the presence of petrogenic polyaromatic hydrocarbons (PAHs)—up to 1–2% by 

weight in crude oil (Michigan Department of Environmental Quality Remediation and 

Redevelopment, 2004). “This process, known as diagenesis, changes the chemical composition 

first into a waxy compound called kerogen and then, with increased heat, into a liquid through a 

process called catagenesis” (OilPrice.com Editorial Dept, 2009, p. 1). This process allows 

chemical reactions between the organics and metals present in soil, hence the presence of heavy 

metals in crude oil. 

Extraction. 

The usual method to extract crude oil is through drilling. Crude oil can be found on all 

continents, and the top six countries producing oil are Saudi Arabia, Russia, United States, 

China, Iran, and Canada (OilPrice.com Editorial Dept, 2009; see Figure 11). Crude oil can also 

be extracted from oil sands or so-called tar sands. Canada and Venezuela are the only countries 

to have significant quantities to be exploited (OilPrice.com Editorial Dept, 2009). The 

exploration and extraction of crude oil from drilling is a potential polluting industry. Drilled 

wells are abandoned when they reach the end of their useful life span (Canadian Association of 

Petroleum Producers, 2012) and are subject to leakage (Kotler, 2011). As mentioned in the 

introduction, the quantity of existing, abandoned, and new wells in the Boreal region is 

considerable. The quantity of fresh water used to produce one barrel of crude oil from a well is 

less than the quantity used for tar sands, but recent information available on the quantity of fresh 

water needed for the oil sands extraction ranges from 2.5 to 4.0 barrels of water for each barrel of 

bitumen produced (EMS Consulting, 2012), unless complete water recycling facilities are in 
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place to reuse a portion of it (National Energy Board, 2011). The Canadian oil sands and 

conventional crude oil production was estimated to be over 3.4 million barrels per day in 2012 

(Canadian Association of Petroleum Producers, 2012). In 2011, an independent statistics and 

analysis organization, called Energy Information Administration, projected that Canada’s crude 

oil production could reach 6.6 million barrels per day by 2035, if expansion of oil sands 

extraction is authorized (United States Energy Information Administration, 2012). 

Figure 11. Overview and quantities of the major producers of petroleum around the world. 

Note. From World Crude Oil Producing Countries by Maps of World, 2012. Copyright 2012 by 

www.mapsofworld.com. Reprinted with permission. Retrieved from 

http://www.mapsofworld.com/minerals/world-crude-oil-producers.html 
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Composition. 

There are thousands of compounds that all contribute to the physical and chemical 

properties of a crude oil. The chemical composition of crude oil can vary considerably by 

geography and the different conditions experienced during formation (API, 2011a; Clémençon, 

2009). Crude oil contains hydrocarbons with a range of carbon atoms numbering from C1 to 

C60 + (API, 2011a). The carbon atoms can be linked together in chains or rings, which contain 

double bonds (i.e., unsaturated) or all single bonds (i.e., saturated; Rakow, 2006). Crude oil is 

classified into categories that are based on the type and arrangement of carbon chemical bonds: 

paraffinic, naphthalenic, and aromatic (Baderna, Boriani, Giovanna, & Benfenati, 2012; 

Clémençon, 2009; see Figure 12). 

Figure 12. Types of hydrocarbon chemical structures. 

a Identified as potentially carcinogenic. See Part 3 in this chapter on the toxicology of ULOs for 

more details. 

The category will be determined depending on the largest proportion; in other words, 

paraffinic crude is considered to be rich in straight and branched chain hydrocarbons containing 

over 75% paraffins whereas a naphthenic crude contains over 70% naphthenic hydrocarbons, and 

aromatic crude contains over 50% aromatic hydrocarbons (API, 2011a; Clémençon, 2009). A 
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typical crude oil has the following general composition: carbon 83.0 to 87.0%, hydrogen 11.0 to 

15.0%, sulfur 0.05 to 8.0%, nitrogen 0.02 to 2.0%, oxygen 0.05 to 1.5%, and minerals and salts 0 

to 0.14% (API, 2011a; Clémençon, 2009). Generally, sodium chloride, calcium chloride, and 

magnesium are the minerals and salts (Abdel-Aal & Fahim, 2003). They are mainly found 

dissolved in the remains of brine particles within the crude oil (Abdel-Aal & Fahim, 2003). 

Crude oil also contains some non-metals (sulphur and silicon), as well as a small 

percentage of metals, particularly, vanadium, nickel, lead, copper, cobalt, chromium, zinc, 

molybdenum, and iron as well as dissolved gases such as hydrogen sulfide (API, 2011a; Duyck, 

Miekeley, Porto da Silver, & Szatmari, 2002; Pohl et al., 2010). 

Typical compositions of trace elements in crude oils have been investigated by Duyck et 

al. (2002). Traces of elements—titanium, vanadium, iron, and nickel—in the range of 0.8 to 

24 ppm have been detected (Duyck et al., 2002). Other results in the range of 0.03 to 0.80 ppm 

have been detected for manganese, cobalt, copper, strontium, molybdenum, silver, cadmium, tin, 

and lead (Duyck et al., 2002). Nickel and vanadium are the two most common metals found in 

petroleum (Duyck et al., 2002). 

The most commonly used characteristics to describe crude oils on the lubricant market 

are their two main composition types: the presence of paraffinic or naphthenic hydrocarbons, 

which are also the two main composition types of mineral-based lubricating oils (Agency for 

Toxic Substances and Disease Registry [ATSDR], 1997; API, 2011a). Paraffin-based oils appear 

to be the best lubricant type for their high viscosity index in cold climate (F. Tremblay, personal 

communication, March 29, 2013; M. Zidoune, personal communication, January 31, 2013). 

According to the United States Environmental Protection Agency (USEPA), 90% of today’s 
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lubricant formulations (paraffin-based oils) are still composed of alkanes (C n H 2n+2) relatively 

resistant to breakdown. The paraffin-based oils can be used for almost all application types 

(F. Tremblay, personal communication, March 29, 2013). 

Refining process. 

Following its extraction, crude oil is transported to a refinery by pipeline or tanker, any 

water and coarse impurities, such as sand and rock, are allowed to settle by sedimentation prior 

to being pumped into holding tanks (Whitlow, 2013). Crude oil is also desalted and sent through 

a furnace where it is heated and partially vapourized (Wright, 2012) and then transferred into 

fractionating towers or columns to obtain specific products through a distillation process as 

shown in Figure 13. 

Figure 13. Illustration showing the refining temperatures and carbon numbers during the refining 

process and where lubricating oils are produced in relation to other petroleum products. 

Note. From Wikipedia. Retrieved from http://en.wikipedia.org/wiki/File:Crude_Oil_Distillation.png 

http://en.wikipedia.org/wiki/File:Crude_Oil_Distillation.png
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The most volatile vapour—at lower temperature—will be the first to leave the 

fractionating tower. Vapours are collected at different heights in the column according to 

temperature and molecular size and, as they cool, they condense into liquid form and are stored 

in different reservoirs (Wright, 2012; Whitlow, 2013). The compounds containing between 18 

and 40 carbon atoms (varies between authors) are used in lubricating oil (Wright, 2012). Heavier 

hydrocarbons, 40+ carbon atoms, are used for asphaltic-based materials (Wright, 2012). To 

obtain a quality mineral-based oil, several more steps remove unwanted compounds (Kramer, 

Lok, & Krug, 2001). More specifically, deasphalting, solvent extraction, solvent dewaxing-

filtrating, and hydrofinishing—or severe hydrofinishing—to give a final base oil (Whitlow, 

2013; Wright, 2012; see Figure 14).
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Figure 14. Example of a mineral crude oil refinery from desalting to hydro-treating to producing mineral-based oils and greases. 

Note. From Petroleum Refining Process, by R. S. Kraus, 2011. Geneva, Switzerland: International Labor Organization. Copyright 

1996 by Occupational Safety and Health Administration. Retrieved from 

http://www.ilo.org/oshenc/images/stories/enlarged/Part12/OIL_imgs/OIL10F28.jpg
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Base oil types. 

Base oil, as the name suggests, is the base or—in other words—is the major component 

needed to produce lubricants. Four types of base oils are discussed: mineral-based, synthetic-

based, bio-based, and re-refined base oils. 

Mineral-based oils. 

Group I base oils are obtained via the simplest refining process from crude oil (see Figure 

15). They are composed of more than 10% of unsaturated molecules, are generally a mix of 

different hydrocarbon chains, and contain more sulphur than other base oils (API, 2011c; Pickle, 

2012). The process basically consists of aromatics removal by solvent extraction (e.g., furfural, 

n-methyl pyrrolidone, and DUO-SOLTM) and wax removal by chilling and precipitation in 

contact with various solvents, such as methyl ethyl ketone/toluene and methyl ethyl 

ketone/methyl isobutyl ketone (Kramer et al., 2001). The refinery process for Group I allows 

some of the petrogenic PAHs from the crude oil to pass; however, the exact proportion could not 

be found in the literature. Group I base oils are still used in the automotive sector but in less 

demand for other applications (Shamrock, 2013). 

Base Oil 
Types 

API Group Saturates % 
Sulfur Content 

% 
Viscosity 

Index 
% of Market 

Mineral 

I 
(Solvent refined) 

< 90 > 0.03 80–120 

95 
II 

(Hydrotreated) 
> 90 < 0.03 80–120 

III 
(Hydrocracked) 

> 90 < 0.03 > 120 

Synthetic 
or Synthetic 

Esters 

IV All Polyalphaolefins (PAOs) 
5 

(3% synthetic 
and 2% 

vegetable) 
V 

(Synthetic esters) 
All other base oils not included in 

Groups I, II, III or IV 

Figure 15. Base oils classification. 
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Note. API = American Petroleum Institute. Adapted from “Understanding the differences in base 

oil groups,” by J. Pickle, 2012. Machinery Lubrication, 5, p. 52. Copyright 2012 by Noria 

Corporation. Retrieved from 

http://mlb.ecndigitaledition.com/ecn.images/customers/2168/publisher/2189/ML_Sept_Oct_201

2.pdf 

The Group II oils are made by hydrocracking and modern hydroisomerization, which is 

licensed under the Isodewaxing name, Chevron’s technology from 1993 (Kramer et al., 2001). 

Hydrocracking is a chemical reaction with hydrogen (Wright, 2012). It is done under high 

temperature and pressure, which breaks the aromatic and naphthene rings and then saturates with 

hydrogen (Kramer et al., 2001; Wright, 2012). Hydrodewaxing is basically the shift of the waxy 

paraffins portion—in the base oil—into an isoparaffin structure. Group II oils contain lower 

levels of impurities than Group I; less than 10% aromatics, less than 0.03% sulfur, and contain 

more than 90% saturated molecules (Pickle, 2012). Although they both have the same range of 

viscosity indexes (VIs), Group II oils are more attractive to consumers for their increased 

oxidative stability properties compared to a Group I oil at a similar price (Pickle, 2012). 

Group III base oils are processed by a combination of hydrocracking, wax 

hydroisomerization (hydrodewaxing), and hydrotreating or so-called severe hydrofinishing 

(Kramer et al., 2001; Wright, 2012). Group III oils have a higher viscosity index resulting in 

better performance properties, such as improved oxidation stability and low temperature 

performance, compared to Group I or II oils (Kramer et al., 2001). Moreover, this process helps 

to remove water, ammonia, and hydrogen sulfide (Wright, 2012). Finally, their higher quality is 

also associated with a greater concentration of isoparaffins (Rudnick, 2005). The performance of 

Group III oils is closer to synthetic oils and can be mistaken by the consumer for a synthetic base 

oil (Rudnick, 2005). A Group III oil contains less sulfur (hydrogen sulfide), lower aromatic 

concentrations, and shorter straight chain paraffins and offers better biodegradability and overall 
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lifespan. From an environmental point of view, this base oil is less damaging than Group I or II 

oils in term of usage. In a refinery, however, severe hydrofinishing consumes large quantities of 

water. 

Synthetic-based oils. 

Some synthetic oils are derived from petroleum-based materials such as polyalkylene 

glycols (PAGs), and others can be created by chemical synthesis (esterification). Generally, 

synthetic-based oil is 100% synthetic, but when synthetic oil is blended with a minimum of 5%, 

up to 30%, mineral-based oils to enhance performance, it becomes a semi-synthetic base oil 

(M. Zidoune, personal communication, January 31, 2013). Today, synthetic-based oils are used 

in all the same applications as mineral-based oils. Principally, they are used as process oils, 

general industrial oils, heavy-duty engine oils, hydraulic and transmission fluids, gear oils and 

grease, metal working fluids, automatic transmission fluids, and vehicle engine or motor oils 

(Transparency Market Research, 2013). Most synthetic oils offer better biodegradability and 

some are considered nontoxic (M. Zidoune, personal communication, January 31, 2013; Wright, 

2011). Their prices, however, are still high due to low temperature distillation grade compounds 

from crude oil (F. Tremblay, personal communication, March 29, 2013), and they can cost from 

4 to 15 times more than mineral-based oils (Wright, 2011). 

Polyalphaolefins. 

Polyalphaolefins (PAOs) are the most widely used and expensive to manufacture among 

synthetic-based oils (Beatty & Greaves, 2006; International Lubricants, 2007; Office of 

Environmental Health Hazard Assessment [OEHHA], 2007). They are real synthetic-based fluids 

as Leslie R. Rudnick (2013) defined them: “PAOs are true synthetic as they are prepared under 
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carefully controlled conditions from essentially pure alphaolefins, which are themselves 

synthesized” (p. 4). Polyalphaolefins are saturated olefin oligomers and are manufactured by 

catalytic oligomerization—the joining of a number of molecules together—to low molecular 

weight products of linear olefins (C6H12), having six or more carbon atoms, but usually having 

10 carbon atoms (decene, C10H20; Rudnick, 2013). The PAOs are synthesized in two chemical 

reaction sequences from linear alpha-olefins, derived from ethylene (Rudnick, 2013), the 

simplest of alkenes (C2H4; Baderna, Boriani, Giovanna, & Benfenati, 2012). According to Leslie 

R. Rudnick, the first chemical reaction consists of “the synthesis of a mixture of oligomers, 

which are polymers of relatively low molecular weight” (p. 8). Rudnick also wrote, “Alpha 

Olefin —> Dimer + Trimer + Tetramer + Pentamer, etc. The catalyst is usually boron tri-fluoride 

[BF3]” (p. 8). The second chemical reaction is the hydrogenation of the unsaturated oligomers, 

followed by a distillation to remove the unreacted monomer and to separate the dimer (Rudnick, 

2013). The hydrogenation uses a metal supported catalyst such as nickel/kieselguhr or 

palladium/alumina (Rudnick, 2013, p. 9). The PAOs have a high VI, low volatility, good flow 

properties at low temperatures pour point, and high thermal oxidative stability, which means 

extended oil life as well as reduced toxicity (Wright, 2011). PAOs can be used for engine oils, 

gear oils, bearing oils, compressor oils, and high-temperature grease; however, they have a 

limited biodegradability even if they are considered nontoxic (Wright, 2011). 

Other synthetic-based oils. 

As shown in Figure 16, other synthetic-based oils are available. They are generally more 

expensive to produce, and their availability is limited (International Lubricants, 2007). PAGs are 

typically prepared from the polymerization of ethylene or propylene oxide (USEPA, 2011). 
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PAGs are made from petroleum-based materials, and they are particularly water soluble, which 

could be a toxicity issue (USEPA, 2011). According to USEPA (2011), depending on the 

substance from which PAG is formed, it can be oil soluble (propylene oxide) and water soluble 

(ethylene oxide). 

Molecular 
Species 

Chain 
or Ring 

Saturated or 
Unsaturated 

Example Formula Structure 

Alkenes 
(Olefins) 

Chain Unsaturated 
alpha-olefin 
(1-hexene) 

C6H12 

 
Alkenes 
(Olefins) 

Chain Saturated Base oil common name: PAOs 

Other synthetic 
base oils 

— — 
Carboxylate 

ester 
—  

Where R or R’ are any alkyl or 
aryl group 

Other synthetic 
base oils 

Chain Saturated 
Base oil, some common names: diesters, phosphate 

esters, POEs, PAGs, silicone, PTFE 

Figure 16. Types of synthetic-based oil structures. 

Note. PAG = polyalkyleneglycols; PAO = polyalphaolefins; POE = polyolesters;  

PTFE = polytetrafluoroethylene. 

Synthetic esters such as diesters and polyolesters (POEs) are considered nontoxic and 

biodegradable and offer an environmental friendly alternative to conventional mineral-based oils 

due to improved energy efficiency, reduced part wear and for their biodegradability rate (Beatty 

& Greaves, 2006; Nagendramma & Kaul, 2011; USEPA, 2011; Zamora, Blanco, Bautista, 

Mulero, & Mir, 2011). A 100% synthetic-based lubricant, such as POE, offers a longer lifetime, 

a wide range of viscosity indexes, and oxidation stability, and can be used in most field 

applications from engine oils to hydraulic fluids and from gear to compressor and turbine oils 

(M. Zidoune, personal communication, January 31, 2013). A 100% synthetic-based lubricant can 

serve as compressor oils (refrigerant systems and air conditioning), high-temperature gas turbine, 
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bearing oils, gear oils, oil mist, aircraft engines oils, hydraulic fluids, heat exchange fluids and as 

an additive (a blend) into PAOs (Wright, 2011; Zamora et al., 2011). Generally, the synthetic 

based-stocks biodegrade quickly compared to mineral but still may represent a toxicity risk as 

lubricants, and they are more expensive to dispose in an environmentally friendly manner 

(Wright, 2011). 

Bio-based oils. 

Bio-based oils are generally obtained from two raw materials: vegetable oil or animal oil 

(Transparency Market Research, 2013). The market applications for the bio-based oils are 

hydraulic, process, demolding, chainsaw, compressor, turbine, industrial gear, metal working 

oils, lubricating grease, and automotive (M. Cordeau, personal communication, February 19, 

2013). In this document, however, only vegetable-based oils will be considered for construction 

industry applications. 

There are three categories of vegetable-based oils: native vegetable oils (VOs), 

chemically modified vegetable oils (Dwivedi, 2013; Rudnick, 2013), and waste vegetable oils 

(M. Cordeau, personal communication, February 19, 2013). VOs can be directly used as base 

oils (M. Bélanger, personal communication, May 10, 2013) or can be processed into a 

chemically modified vegetable oils to create molecules of the desired size and configuration 

(Dwivedi, 2013). The chemical reactions generally used to modify VO molecules, are 

esterification, alkylation, estolide formation and condensation of olefin bonds, and epoxidation 

of double bonds (Dwivedi, 2013). Vegetable oils can now be designed (presence of linear 

saturated chain compounds) to give low temperature properties such as a wide viscosity range 

and high viscosity index, a low pour point—minimum temperature of a liquid after decreasing its 
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temperature at which the liquid ceases to flow—with excellent extreme pressure characteristics, 

and thermal and oxidation stability (Baderna, Boriani, Giovanna, & Benfenati, 2011; Dwivedi, 

2013). 

Re-refined base oil. 

ULOs from various usages and from a multitude of sources—such as motor oils, gear 

oils, hydraulic fluids, and others—can be gathered and re-refined into a new base oil. According 

to Champmartin (2012), a re-refined base oil equivalent to a Group II of the API classification is 

possible to obtain. Modern re-refining methods generate less hazardous waste and are considered 

to be more productive in generating higher volumes of base oil with the same amount of ULO 

than older methods (USEPA, 2012). According to USEPA (2012), 3.8 L of ULO provides the 

same 2.4 L of lubricating oil as 159 L of crude oil. Therefore, less energy and water are 

consumed than for conventional crude oil refining for equivalent products. The old re-refining 

method, however, used acid clay for clarification, and generated pollutants as by-products (i.e., 

toxic waste and effluent from the process). 

Virgin lubricating oils or lubricants. 

Complete formulated lubricants, or virgin lubricating oils, consist of a base oil plus the 

addition of complex chemicals, so-called additives, in various compositions and concentrations 

depending on the type of desired lubricant (Bourque, 2010; Kramer et al., 2001; United States 

Department of Energy, Office of Fossil Energy, 2006). The additives are added to mineral-, 

synthetic- or vegetable-based oils to enhance their physical and chemical properties and to 

impart the desired performance characteristics of a lubricant (ATSDR, 1997a). The proportion of 

additives can vary from 1% to 30% by base oil volume, but for most conventional types of 
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lubricants, the variation is from 10% to 25% (ATSDR, 1997a; Bourque, 2010; United States 

Department of Energy, Office of Fossil Energy, 2006). Their main functions are to minimize 

friction, part wear, corrosion, and deposit formation, such as soot, during the operation of 

mechanical equipment (Rudnick, 2013). Accordingly, the most common additives are antirust 

and corrosion inhibitors, antioxidants, antifoaming agents, dispersants, detergents, emulsifiers, 

VI enhancers, pour point depressants, colour stabilizers, friction modifiers, and antiwear 

(Khawaja & Aban, 1996; OEHHA, 2007; M. Zidoune, personal communication, January 31, 

2013). 

Some of these additives are toxic to the environment (ATSDR, 1997a). Consequently, 

their composition—base oil and additives—will vary greatly from one application to another. 

Some elements in additives, such as sulphur, already exist in the mineral-based oils in small 

quantities and will be added to reach the desired formulation. Additives in engine crankcase oils 

may contain cadmium, zinc, magnesium, molybdenum, barium, phosphorus, sulfur, and bromine 

compounds (Mazur, Milanes, Randles, & Salocks, 2004). Additives included in the base oil, such 

as “zinc dithiophosphate and zinc diary1 or dialkyldithiophosphates (ZDTPs); calcium alkyl 

phenates; magnesium, sodium, and calcium sulphonates; tricresyl phosphates; molybdenum 

disulfide; heavy metal soaps; and other organometallic compounds that contain heavy metals” 

(ATSDR, 1997a, p. 10) are potentially toxic for the environment. 

Lubricants used in remote areas for the construction industry. 

Lubricants exist for engine oils, hydraulic fluids, gear oils (M. Bélanger, personal 

communication, May 10, 2013), and transmission, and other applications such as compressor 

oils, turbine oils, cutting fluids, and transformer oils (M. Zidoune, personal communication, 
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January 31, 2013). Based on personal experience on large construction sites, all types of 

lubricants can be used, but the largest volumes consumed for this type of industry are engine 

crankcase oils and hydraulic fluids. According to M. Bélanger (personal communication, May 

10, 2013), motor oils are more frequently changed than hydraulic fluids. The volume to be 

replaced each time varies by type of industrial engine machinery but is generally about 40 to 

45 L, whereas for hydraulic oil it is about 250 L (M. Bélanger, personal communication, May 10, 

2013). People interviewed in this research and some authors agreed that lubricant consumers 

have a preference for mineral-based oils as it is cheaper to produce (M. Bélanger, personal 

communication, May 10, 2013; Whitlow, 2013; Wright, 2012; M. Zidoune, personal 

communication, January 31, 2013)2. 

Used lubricant oils. 

During use, VLO additives change their chemical properties and accumulate impurities 

(M. Bélanger, personal communication, May 10, 2013; M. Zidoune, personal communication, 

January 31, 2013). Heavy accumulation is most likely to happen during the first 6,000 km of use 

of a new piece of heavy-duty machinery in which copper from bushings, iron from gears, and 

aluminum are contaminating the lubricant (M. Bélanger, personal communication, May 10, 

2013). Oil is also contaminated during usage in a dusty environment or through a defective 

motor or a coolant compartment gasket (M. Zidoune, personal communication, January 31, 

2013). A machine under excessive loads will produce more soot (M. Bélanger, personal 

communication, May 10, 2013). The lubricant can be contaminated with soot, humidity, part 

                                                 

2 It should be recognized that cost to the consumer is not the “full” cost. If ecosystem service costs are included then 

the cost of mineral-based oils may be comparable to the cost of synthetic or bio-based oils (Nelson, 2011). 
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wear, metal dusts (i.e., fine chips or filings of stone, metal, or other material produced by a 

machining operation), organic acids, or other similar contaminants (M. Bélanger, personal 

communication, May 10, 2013; M. Zidoune personal communication, January 31, 2013). 

Impurities do not vary depending on the type of lubricant but rather on what conditions the 

lubricants are subjected to. As a result, lubricants degrade and become “unsuitable for further use 

for the purpose for which they were originally intended” (Basel Convention, 2002, p. 1). Based 

on their composition and flammability, ULOs are generally considered to be hazardous waste 

with respect to transportation, storage, treatment, and disposal, (Basel Convention, 2011; 

Environment Canada, 2010a). The various compounds and elements found in ULOs from 

laboratory analysis are revealed in Appendices A, B, and C. 

Contamination sources in ULOs. 

All waste lubricants are possibly mixed from various sources prior to disposal. They can 

come from a mechanical workshop, from a construction site, from a municipal garage, and so on. 

Thus, the chemical compounds and various elements constituting ULOs are unpredictable from 

one source to another. The average composition for an engine oil, according to the Agency for 

Toxic Substances and Disease Registry (1997a), contains metals such as “aluminum, chromium, 

copper, iron, lead, manganese, nickel, silicon, and tin, that come from engine parts as they wear 

down” (p. 2). Other fluids such as gasoline, diesel, antifreeze, moisture content, insoluble matter 

and acids (carboxylic acid groups in a mixture of compounds) from tightness failure are also 

found in engine oils (ATSDR, 1997a; Khawaja & Aban, 1996). ULOs are, therefore, generally 

considered more toxic than crude oils or virgin lubricating oils. The composition of ULOs is 

presented in Appendices A, B, and C, and the composition of VLOs is shown in Appendix D. 
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The contamination of lubricating oils can be affected by a wide range of variables: the 

drainage intervals, the type of fuels used for engine oils, the storage conditions, and the handling. 

Heat and pressure, mostly, cause chemical transformations on the lubricant’s additives 

(M. Bélanger, personal communication, May 10, 2013; M. Zidoune, personal communication, 

January 31, 2013). In crankcase oil, for example, incomplete combustion will add pyrogenic 

PAH concentrations such as benzo(a)pyrenes (Khawaja & Aban, 1996). The additives also 

breakdown, and their chemical compositions changes into toxic compounds (e.g., organic acids). 

Storage conditions, handling, and consequences. 

Handling, such as the transfer of any lubricants, is a potential source of contamination for 

the lubricant itself or for the machinery’s lubricant reservoir. For example, if a VLO is poured 

into an empty container, which is not completely clean, it can possibly degrade or contaminate 

the lubricant, thus it might have to be discarded (C. Drouin, personal communication, July 9, 

2013). According to M. Zidoune (personal communication, January 31, 2013), approximately 

once every two years, a client comes with a VLO sample because he is not sure about the quality 

of the new oil (often due to long-time storage in a large reservoir and consequent oxidation). If a 

ULO is transferred into a barrel that was used for another type of oil—for example, transformers 

or capacitors oil—the ULO can get mixed with other chemicals such as polychlorinated biphenyl 

oils. M. Bélanger (personal communication, May 10, 2013) reported that a colleague 

contaminated a VLO (brake oil) that had been stored under shelves containing vehicle batteries. 

The batteries leaked into the brake oil containers and, without realizing it, the contaminated VLO 

was utilized, which caused premature corrosion of the brake cylinders. 
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On construction sites. 

The construction industry employs a variety of heavy-duty machinery and vehicles to 

transport goods and to build roads and facilities. As a result, engine or motor oils and hydraulic 

fluids oils are used extensively. The exact proportions vary by construction site. 

Mineral-based oils, as well as shale oils, are classified by the International Agency for 

Research on Cancer as IARC Group 1, which are carcinogenic to humans (Canadian Council of 

Ministers of the Environment [CCME], 2008b). ULOs are composed, as just reviewed, from 

metals, non-metals, and organic substances; therefore, they might also be harmful to humans and 

terrestrial and aquatic biota. They are considered by most legislative bodies as hazardous 

materials. When stored, handled, transported, or used, ULOs should be controlled, tracked, and 

managed. 

Part 2: Legislation to Reduce ULO Footprints 

Law has a vital role in promoting sustainable practices of industries and individuals. The 

integration of ULOs in legislation is an example of this. Environmental legislation defines ULOs 

as hazardous materials and aims to reduce their overall footprint by prohibiting their contact with 

the environment. In this section, various forms of legislation are reviewed, all of which have the 

same objective: to reduce ULOs and their by-products reaching the environment. 

The aim of this section is to present the multiple levels of legal systems that regulate 

ULOs, including international, federal, and provincial. With the worldwide increase in the 

volume of ULOs, industrialized countries face greater pressure to find sustainable alternatives to 

dispose of these hazardous wastes. This compilation of laws can be used in support of the 
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continual improvement of legislation in order to meet the global challenges of reducing the 

release of these hazardous wastes into the environment. 

International legislation. 

International legislation on ULOs is designed to provide legal protection to countries that 

can be affected by transboundary movements of hazardous materials. Some of the developing 

countries lack legal systems or facilities to manage ULOs, imported from industrialized 

countries, in an environmentally sound manner. Canada governs ULO-related matters with three 

international legislative bodies; the Basel Convention, the Organisation for Economic 

Cooperation and Development (OECD), and the Canada-USA Agreement (Natural Resources 

Canada [NRCan], 2011). These three international legislative bodies regulate the transboundary 

movements of hazardous wastes. 

On March 22, 1989, the Basel Convention on the Control of Transboundary Movements 

of Hazardous Wastes and Their Disposal was adopted (Canada Gazette, 2004; NRCan, 2011) 

and came into force on May 5, 1992. The Basel Convention is governed under the United 

Nations Environmental Program. A large body of technical guidelines on the management of 

specific waste streams has been developed by technical expert groups and approved by the 

Conference of the Parties to provide practical guidance in the Basel Convention (2011). A 

document called Technical Guidelines on Used Oil Re-Refining or Other Re-Uses of Previously 

Used Oil was first published in 1997 and was amended and republished in November 2002 by 

the Basel Convention to address specific issues regarding ULOs. In the convention, ULOs are 

defined in Annex VIII (substances characterized as hazardous under Article 1, Paragraph 1(a) of 

this convention) as waste mineral oils unfit for their originally intended use (Basel Convention 
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ULO number: A3020). ULOs are also included in the waste oils and water, hydrocarbons and 

water mixtures, and emulsions definition (Basel Convention number: A4060) because they are a 

waste that may contain either inorganic or organic constituents, such as from a water and oil 

separator in a mechanical workshop (Basel Convention, 2011). For the disposal operations 

category (Annex IV of the Basel Convention, 2011), ULOs are included in Section B, R9, as 

used oil re-refining or other reuses of previously used oil. According to the convention, if not 

managed in a safe and environmentally sound manner, hazardous wastes—including ULOs—

may have serious consequences for the environment, human health, and sustainable livelihood. 

Further on human health, the Basel Convention proposed the Basel Protocol on Liability 

and Compensation (adopted in 1999), which regulates “civil liability for damage resulting from 

the transboundary movement of hazardous wastes and other wastes, including incidents 

occurring as a result of illegal traffic” (Basel Convention, 2011, p. 6). As of September 3, 2013, 

however, this protocol has not yet come into force because the protocol has been ratified by only 

10 countries, whereas the minimum required is 20 countries (Israel Ministry of Environmental 

Protection, 2013). 

The Organization for Economic Cooperation and Development (OECD) was established 

in 1961 as a forum to promote policies that improve the economic and social well-being of the 

global population. Canada has been one of the member countries of the OECD since 1961. Since 

March 1992, the OECD has been governing the transboundary movements of wastes, including 

ULOs, destined for recovery operations, such as re-refining and reuse as an energy source 

(OECD, 2009). The legal document to refer to is the OECD Decision C(2001)/107/Final (OECD, 

2013), which established a framework for the OECD member countries to control transboundary 
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movements of wastes destined for recovery operations. The OECD Decision is harmonized with 

the Basel Convention; Annex VIII in the Basel Convention identified ULOs under the 

codification A3020 and A4060 (NRCan, 2011). If ULOs need to be shipped to a country that is a 

nonparticipant of the Basel Convention, Canada has the obligation to ensure that ULO 

transboundary shipping to this country respects the OECD Decision. Furthermore, Canada also 

has the obligation to ensure that the receiving country has equal or better ULO storage, 

treatment, disposal, or recovery operations (Basel Convention, 2011). 

Recently, the OECD (2012) wrote the Recommendation of the Council on Assessing the 

Sustainability of Bio-Based Products. The OECD recognized its increasing contribution to the 

bioeconomy and the necessity to globally address worldwide challenges such as climate change, 

environmental footprints, and energy security (OECD, 2012). 

Canada and United States share a long common border, over which hazardous wastes 

cross every day, from waste generation sites or collection sources to the most favourable 

recovery operations. Environment Canada (2013) stated, “Each year, approximately 900,000 

metric tonnes of hazardous waste crosses the Canada-United States border, on its way to an 

environmentally sound recycling, treatment or disposal site” (p. 1). The agreement between 

Canada and the United States concerning the transboundary movement of hazardous wastes 

across their shared border took effect in 1986. The agreement ensures the uniformity with 

domestic law and its provisions for transboundary movement of hazardous and domestic waste 

between the two countries (NRCan, 2011). The agreement allows the minister to refuse or to 

issue a permit to the importer if the minister believes that the hazardous waste or hazardous 
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recyclable material will not to be managed in an environmentally sound manner or that it could 

be harmful to human health (NRCan, 2011). 

National legislation. 

National legislation exists for the same objectives as international legislation, and the 

national laws that deal with ULOs focus on the protection of human health and the environment 

on which humans depend. In this section, Canadian legislation that regulates ULOs is introduced 

in chronological order. Due to the size of Canada, the federal, provincial, territorial, and 

Aboriginal governments directly combine their efforts with regards to ULO management. 

The Canadian Environmental Protection Act 1999 (CEPA) is the main federal legislation 

on environment, and it came into effect in 1988. The following year, ULOs and their 

environmental impacts were investigated by the Canadian Council of Ministers of the 

Environment (CCME). In August of 1989, the Code of Practice for Used Oil Management in 

Canada and the Used Oil Management in Canada: Existing Practices and Alternatives were 

released. Five years later, in 1994, waste crankcase oil was put on the first Priority Substances 

List (Environment Canada, 2012). Environment Canada (2012) used the term waste crankcase 

oils in its reports, but this term is not limited to crankcase oils or motor oils from the automotive 

sector. It also includes other ULOs such as general industrial oils, heavy-duty engine oils, 

process oils, gear oils, hydraulic fluids, transmission and automatic transmission fluids, and other 

substances derived from ULOs that are collected for final disposal, such as metal working fluids 

(cutting oils), grease, and coolants (Government of Canada, 1994a). However, insulating oils 

from transformers, capacitors, and electric motors or any other lubricants containing 

polychlorinated biphenyl oils are excluded from this study. 
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In 2005, a re-evaluation of the toxicity of ULOs, which included toxicological studies in 

animals and plants and based mostly on foreign scientific literature, was conducted by 

Environment Canada. With this re-evaluation, ULOs were declared toxic under paragraph 64(a) 

of the CEPA (Environment Canada, 2005). Paragraph 64(a) of the CEPA (as cited in 

Environment Canada, 2005) confirmed that ULOs “are entering the environment in a quantity or 

concentration or under conditions that have or may have an immediate or long-term harmful 

effect on the environment or its biological diversity” (p. 6). Despite this evidence on the toxicity 

of ULOs, the Canada Gazette (2007) reported that the Minister of the Environment and the 

Minister of Health had declared that ULOs would not be included on the Schedule 1 (List of 

Toxic Substances) of the CEPA. Nonetheless, ULOs are recognized as complex mixtures of 

substances among which many are already declared toxic as indicated in Schedule 1 of the 

CEPA (1999). Therefore, exhaustive ULO analysis is key to assess, case per case, the potential 

adverse effects of ULOs according to the CEPA and other acts and regulations. 

The act that covers the interprovincial movement of hazardous wastes and hazardous 

recyclable materials is also the CEPA (1999). Related legislation can be found in the Export and 

Import of Hazardous Wastes Regulations (SOR/92-637), which includes ULOs by definition 

(NRCan, 2011). One of the essential steps to ensure the safe transportation of ULOs from the 

source to disposal is a tracking system. Since August 8, 2002, the manifest tracking requirements 

for hazardous wastes and hazardous recyclable materials have been transferred from the 

Transportation of Dangerous Goods Regulations to the CEPA (Canada Gazette, 2004). Manifest 

tracking is a tool to ensure that the ULO generator sends the hazardous waste to a registered 

facility where ULOs will be stored, treated, recovered, or disposed in an environmentally sound 
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manner. The manifest can be used (adapted) to follow ULO volumes—from cradle to grave—on 

construction projects and to also provide valuable indications of ULO spills, loss, and usage for 

energy, and so on. 

Provincial and municipal legislation. 

In Canada, provinces and territories have risk management measures in place to handle a 

wide range of individual and industrial activities related to ULOs. The Nunavut is an example of 

a remote area. In June 2012, the Department of Environment (Government of Nunavut) released 

the Guidelines: Used Oil and Waste Fuel (approved by the Minister of Environment under the 

authority of Section 2.2 of the CEPA) to increase the awareness and understanding of the risks, 

hazards, and best management practices associated with ULOs and waste fuel. Each province 

and territory covers ULOs with regulations and guidelines that may sometimes overlap or 

conflict with municipal by-laws and permits (NRCan, 2011). A summary of provincial and 

territorial acts regulations is available in Appendix E, which provides sources of exposures 

identified by Environment Canada. These sources of exposures govern the prohibition of ULO 

disposal on land, in landfills, and in sewers; the use of used oils as a dust suppressant; and the 

open ULO burning and the restricted use as a fuel. The sources of exposures are also used to 

control the re-refining and reprocessing of used oils and for oil collection programs (NRCan, 

2011). In addition, Table 1 shows threshold limits on ULO substances when used for energy in 

the province of Québec and Nunavut territory. Canadian guidelines are enforceable documents 

under the CEPA (1999). Guidelines that protect human health and water resources are the 

Guidelines for Canadian Drinking Water Quality Summary Table (Health Canada, 2012), the 

Water Quality Guidelines for the Protection of Aquatic Life (CCME, 2013), and the Sediment 
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Quality Guidelines for Protection of Aquatic Life for fresh water (CCME, 2013). The Canadian 

Soil Quality Guidelines for the Protection of Environmental and Human Health (CCME, 2007) 

includes information on protection for four types of land use from oils (i.e., agricultural, 

residential and parkland, commercial, and industrial). 

Table 1 

Standard Examples in Energy Generation (Urban and Remote Conditions) 

Parameters 

Maximum Levels of Impurities Allowed in Used Oil 

in ppm or mg/kga 

Québec Province Standards Nunavut Territory Guideline 

Fuel Equipment 

with Capacity 

> 10 MW 

Other Fuel 

Equipment 

Boilers or Furnaces Certified 

and Approved by the Canadian 

Standards Association (CSA) 

Arsenic 5 5  

Cadmium 2 2 2 

Chromium 10 10 10 

Lead 100 50 100 

Total halogens 1500 1000 1000 

PCBs 50 3 2 

Minimum Value Allowed 

Flash point 38°C 38°C  

Calorific valueb 18,500 KJ/kg 18,500 KJ/kg  

Total Content Allowed 

Waterc 20% 20%  

Sulphurd 1.5% 1.5%  

Ash content   0.6% by weight 

Note. KJ = kilojoules; MW= megawatt(s); PCB = polychlorinated biphenyls. From Regulation 

Respecting Hazardous Material, RRQ, 2013, c Q-2, r 32, by Québec, 2013. Copyright 2013 by 

Service de la gestion des droits d’auteur. Retrieved from 

http://www2.publicationsduquebec.gouv.qc.ca/dynamicSearch/telecharge.php?type=2&file=/Q_

2/Q2_A.htm 
a Maximum concentration allowed is expressed in mg of contaminant per kg of used oil. 
b Minimum calorific value is expressed in kJ/kg of used oil. 
c Maximum water content is expressed in percentage volume/volume (%). 
d Maximum sulphur content is expressed in percentage mass/mass (%). 
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Part 3: Toxicology of ULOs 

Previous research done on this topic focuses mainly on used crankcase oil and on the 

impact of ULOs on human health. This fails to provide a realistically representative picture of 

other types of ULOs and their impacts on human health and terrestrial and aquatic biota as well 

as their environmental fate and partitioning effects in nature. 

One way to acquire a more holistic perspective of the toxic impacts of ULOs is to 

understand the toxicity of ULOs as a whole yet simultaneously studying each component of 

ULOs as separate elements. Due to a wide range of factors—such as different types of lubricant 

compositions, different matrix types with which the ULOs come into contact, the effects of 

partitioning, the pathways of exposure for each species, or weather and climate conditions—the 

actual impact of the combination of elements in different environmental conditions may bring 

different results than those each individual elements would bring on their own. 

The second part of the section on ULO toxicity offers a detailed literature review on 

PAHs. Due to their mutagenic and carcinogenic effects, PAHs are one of the persistent toxic 

substances found in used motor oils (CCME, 2010b). The intent is to identify the major 

environmental pathways and fates of the PAHs in the environment, with special attention to 

those processes that influence the potential for adverse effect. 

ULO mixtures. 

Used crankcase oils contain hydrocarbons that cause severe damage to the environment 

especially when they are discarded in water bodies (Lopes, Montagnolli, Domingues, & Bidoia, 

2010). From personal experience in construction, various types of ULOs—including motor, 

hydraulic, gear, compressor, transmission, break, and more—are collected into the same storage 
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tank, which creates a mixture. In this way, a wide range of contaminants such as heavy metals, 

organic acids, and PAHs, to name only a few, may pollute the surrounding environment if 

adequate safeguards are not maintained. 

Effects on human health. 

The available studies on the acute effects of ULOs on humans are unclear because ULOs 

are greatly variable in composition. Although the majority of literature focuses on the chronic 

effects derived from skin contact, absorption pathways of ULOs are not limited to skin only. 

Skin absorption and inhalation. 

Skin absorption most likely applies mainly to the motor vehicle repair industry in which 

chronic effects have been observed (DermNet NZ, 2013). Acute effects are possible, however, 

according to C. Drouin (personal communication, April 23, 2013), who has been a consultant in 

the maintenance of rolling off-road equipment since 1992. Mr. Drouin reported that a worker, 

who had submerged his arm in an old farm tractor hydraulic oil tank containing ULOs to retrieve 

a fallen tool from the bottom, received second degree burns to his skin due to the built-up acidity 

in the contained ULOs. Prolonged and repeated skin contact with ULOs or motor oil—Rotella® 

T Multigrade SAE 15W-40, for example—may result in the removal of the skin’s natural oil 

(defatting) and drying of the skin, which then causes various skin disorders (common in motor 

vehicle repair workers), such as occupational hand dermatitis, folliculitis, or oil acne (DermNet 

NZ, 2013; OEHHA, 2007; Shell Lubricant, 2002). This may also lead to skin cancer (DermNet 

NZ, 2013; European Commission Chemical Bureau [ECCB], 2000). 

In addition to skin absorption, ULOs in mechanical workshops are principally related to 

oil mists, such as in very high temperature conditions, and volatile organic compounds 
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inhalation, which may cause nose and throat irritation (Shell Lubricant, 2002). Motor oils may 

release hydrogen sulfide (H2S), a highly toxic and extremely flammable gas when heated to 82°C 

or higher, which may collect in the headspace of any new lubricant containers, such as barrels 

(Shell Lubricant, 2002). Based on personal observations, the material safety data sheet of each 

lubricant must be followed carefully prior to storage and usage to avoid or to minimize adverse 

effects on humans. 

Oral absorption. 

The biggest concern of ULO leaching into the environment is the possible contamination 

of groundwater (Nixon & Saphores, 2003). The consequences of repetitive ULO leaks and spills 

from storage and mechanical failures may take years to naturally recover. In addition, 

compounds of heavy metals and PAHs, for example, can take a long time before being 

weathered and partitioned in the environment. The most recent data from Environment Canada 

(2011b) reported that about nine million people (25–30% of the Canadian population) rely on 

groundwater for domestic uses. Therefore, groundwater needs protection and should be taken 

seriously even if it might not have immediate use as drinking water (Environment Canada, 

2011a). 

Impact on plants and invertebrates: Phytotoxicity and ecotoxicity. 

One of the phytotoxicity indicators for a ULO spill is the seed germination rate. When 

ULOs are discharged, accidentally or not, they impair the soil processes, such as water retention 

and nutrient cycling, which makes the soil unsatisfactory for plant growth (CCME, 2008a). 

Another factor that contributes to inadequate plant growth is found in the hydrophobic properties 

of oil, which can possibly coat the seeds and prevent germination (Abioye, Agamuthu, & Abdul 
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Aziz, 2012, p. 6). This hydrophobic effect could also inhibit growth of ULO-coated roots by 

preventing air and water exchange and nutrient absorption. Any type of lubricant may cause 

these effects and consequently slow down the biodegradation rates. 

The reduction of nutrient availability in plants or the increase in concentrations of certain 

toxic elements—such as organics, metals, and non-metals present in complex ULO mixtures 

(e.g., copper, iron, or zinc; see Appendices A and B)—are further factors that affect seed 

germination (e.g., effect on radicle cell division and elongation) and impair plant growth 

(Muccifora & Bellani, 2013; Patrick-Iwuanyanwu, Ogwe, & Onwuka, 2010). Abioye et al. 

(2012) stated that toxic elements from ULOs may enter the seed membrane or the plant tissues 

and cause destructive metabolism or even kill the higher plant embryo. A test performed by 

Lopes et al. (2010) on salad rocket seeds (Eruca sativa) demonstrated the toxicity of three types 

of motor oils. Lopes et al. (2010) described the soil matrix but did not provide detailed data for 

the composition of the lubricants. Each germination test was performed with a prepared soil 

matrix (described in the research), plus 1 ml of lubricant for each test (i.e., virgin mineral oil, 

virgin semi-synthetic oil, and ULO). Over 80% of the salad rocket seeds were inhibited before 

biodegradation of mineral, semi-synthetic, and ULO types of motor oils. After biodegradation in 

the soil matrix, over 60%, about 50%, and over 80% of the salad rocket seeds were inhibited for 

mineral, semi-synthetic, and ULO types of motor oils, respectively. ULO spills may affect a 

broader ecosystem as the result of acute toxicity on germination. If the affected plant survives, it 

may become a primary or an indirect pathway of exposure to another species in the food web due 

to persistent contaminants and bioaccumulation in the plant (OEHHA, 2004). 
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The invertebrate toxicity of oils observed on earthworms (Eisenia fetida) was evaluated 

for LC50 (the lethal concentration at which 50% mortality occurs). After the application of used 

motor oils, the mortality of earthworms remained high even after a 90-day biodegradation 

period, and LC50 found was between 0.25 and 0.50 ml. For the synthetic and semi-synthetic oils, 

the LC50 was 0.50 ml. Tests performed before and after biodegradation showed 100% mortality 

of the worms with 1 ml of ULOs, such as semi-synthetic oil and mineral oil mixed into the soil. 

Soil conditions for the test were as follows: 100 g of inoculum + 5 ml of base liquid + 1 ml of 

nutrient solution + 1 ml of the ULO—semi-synthetic oil or mineral oil. Lopes et al. (2010) 

described the inoculum preparation and the soil systems composition (soil matrix), but they did 

not present the concentrations of the ULO elements in each lubricant. The missing 

concentrations could reveal which component(s) in the ULO caused the impact on the Eisenia 

fetida. However, Lopes et al. (2010) suspected that the presence of PAHs may have killed the 

earthworms based on findings from Chaîneau, Morel, and Oudot (1997) in experiments they 

conducted on phytotoxicity and plant uptake of fuel oil hydrocarbons. Briefly, Chaîneau et al. 

(1997) found from their experiments that with the presence of fuel oil in soil, the LC50 values on 

seed germination and development was between 0.3% and 4% (oil and soil) for lettuce, barley, 

clover, and maize and between 4% and 9% (oil and soil) for bean, wheat, and sunflower. 

Impact on mammals: Hepatotoxicity. 

Patrick-Iwuanyanwu et al. (2010) conducted a hepatoxic test by orally administrating 

2 ml of the water-soluble fraction (WSF) of ULOs to 24 mature Wistar albino rats for 28 days. 

The WSF prepared by Patrick-Iwuanyanwu et al. (2010) was made by mixing 150 ml of ULO 

(from unknown origin, components, or concentrations) with 450 ml of distilled water. At the end 
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of 28 days, the histopathological (study of changes in tissues caused by disease) examination of 

the liver tissues of these rats revealed disorganized cords of hepatocytes with concentrations as 

low as 10% WSF of ULO, fatty change and obliteration with 50% WSF of ULO concentration, 

and showed sinusoids of macrovesicular fatty change and enlargement of hepatocytes with 100% 

WSF of ULO concentration (Patrick-Iwuanyanwu et al., 2010). 

Impact on avians: Embryotoxicity and teratogenicity. 

In February 2000, the European Commission Chemical Bureau released a study on used 

crankcase oils (CAS 64742-58-1) to demonstrate the embryotoxicity and teratogenicity on 

fertilized mallard duck eggs (ECCB, 2000). ULOs and VLOs were applied to 30 fertilized 

mallard duck eggshells (ECCB, 2000). The results revealed LD50s (in which LD means lethal 

dose, the dose resulting in 50% mortality) of about 0.0048 mg per egg compared with about 

0.021 mg per egg with VLOs. Moreover, the survivors underwent severe abnormalities, such as 

brain and eye defects and incomplete ossification (ECCB, 2000). Recent laboratory analyses 

show the potential toxicity of VLOs (see Appendix D). 

ULO mixture environmental fate. 

Following a spill, the various constituents of used mineral-based crankcase oils undergo 

several weathering processes. These include agglomeration, biodegradation, emulsification, 

photodegradation, and sinking, depending on the chemical and physical nature of the compounds 

(ATSDR, 1997; CCME, 2008b, 2010b; Government of Canada, 1994a). 

Water. 

In most cases, the discharged ULOs in water remain on the surface as a sheen 

(Government of Canada, 1994a; USEPA, 2011). ULOs generally have relatively low vapour 
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pressure and, because of this, they are not expected to partition into the atmosphere (CCME, 

2010b; API, 2011a. Waterfowl and many other species of birds may swim into the ULO’s sheen 

and collect toxic substances from ULOs, which they will ingest when cleaning their feathers. 

They may also spread ULOs on their eggshells causing embryotoxicity and teratogenicity to the 

nestling (ECCB, 2000). Other effects include impaired exchange of oxygen between air and 

water and diminished penetration of the sun’s rays due to an oily film. Experiments have shown 

that after a small spill of oil the concentrations of dissolved oxygen in water were less than 60% 

of the initial value (ECCB, 2000). In the Boreal region, which experiences long winters, one of 

the important considerations is the accumulation of all types of contaminants, including ULOs, 

during the snow, ice cover, and the frozen ground periods. The thaw could the release 

contaminants over a short period of time directly into rivers. This was validated in a study 

referred to in the Canadian Soil Quality Guidelines for the Protection of Environmental and 

Human Health (CCME, 2010a) in which two water samples were taken at the same place in the 

Mackenzie River (Northwest Territories). One sample was taken under the ice layer and another 

three months after the ice break-up period. The concentration of PAHs measured in icy 

conditions and during the thaw period ranged from (0.011 to 0.55 parts per billion) and (0.054 to 

1.82 parts per billion), respectively (CCME, 2010b). 

Soil. 

When ULOs encounter soil, a few variables will affect the partitioning and the fate of 

ULOs as a complex mixture. According to Abioye et al. (2012), the variables include pH, 

nitrogen (%), phosphorus (mg/kg), organic C (%), moisture (%), sand (%), silt (%), and clay (%). 

Each of these variables has specific effects. For example, organic content attracts and keeps PAH 
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compounds; therefore, PAHs are more persistent where high percentages of silt or fine sand are 

present in soil (CCME, 2010b). In a 1994 study, 3 L of ULOs were applied to one square meter 

plots and mixed into the top 10 to 15 cm (Government of Canada, 1994a, p. 24). Nine months 

after putting on the ULOs, none of the vegetable seeds (e.g., radishes, turnips, beans) survived in 

the silt and sandy loam plots (Government of Canada, 1994a). In the same experiment, the seeds 

planted in clay soil plots had lower growth than normal and leaves and stems were yellow 

(Government of Canada, 1994a). 

Biodegradation. 

Many factors influence the rate of biodegradation, in particular temperature, dissolved 

oxygen concentration, pH, and the availability of nutrients. The biodegradation capacity of 

microorganisms can be considered a natural remediation solution for ULO spills or discharges. 

The ULO biodegradation rate is certainly an important criterion when buying lubricants. 

Betton (2009) explained that POEs, one of the two principal types of synthetic oils, are 

structurally very similar to naturally occurring glycerides found in living systems and, therefore, 

are often readily biodegradable whereas polyalphaolefins (PAOs) show a lower degree of 

biodegradability. According to Betton (2010), standard hydrocracked mineral oil, which is 

treated by catalytic hydrogenation, has a higher proportion of molecules that are able to be used 

by bacteria and, therefore, exhibit excellent biodegradability. 

The combination of a high biodegradability rate and a low toxicity are two distinct key 

elements to identify a lubricant as an environmentally sound product. Unfortunately, the 

objective to reach a high biodegradability rate for a green lubricant is synonymous with a short 
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life span and, when the objective is to keep the lubricant as long as possible, biodegradability 

becomes contradictory to its purpose. 

Polycyclic aromatic hydrocarbons. 

PAHs are defined as any of a group of complex hydrocarbons formed during the 

incomplete burning of organic substances. More than 100 different PAHs compounds exist 

(Douben, 2003, p. 3). PAHs are persistent organic pollutants (Douben, 2003) and are toxic down 

to levels as low as one part per billion (Kotler, 2011). PAHs are naturally occurring in crude oil 

(petrogenic PAHs), but they are also formed in the combustion chambers of internal combustion 

engines (pyrogenic PAHs; CCME, 2010b). 

In the case of new motor oils or any VLOs from mineral-based oil, the mixture contains 

polycyclic aromatic compounds and petrogenic PAHs, mostly from raw or mildly refined 

mineral-based oils (API, 2011b; CCME, 2010b, p. 33), such as Group I oils (API, 2011b). Group 

I and II, untreated or mildly refined mineral oils, are considered carcinogenic to humans 

according to International Agency for Research on Cancer evaluations (CCME, 2008b). The 

OEHHA (2007) agreed that all mineral-based VLOs contain PAHs. Moreover, the accumulation 

of PAHs increases with the duration of internal combustion of an oil (CCME, 2008b; OEHHA, 

2007; Patrick-Iwuanyanwu et al., 2010). 

Sources of PAHs. 

One of the principal sources of PAHs released in the environment from anthropogenic 

activities is spills of petroleum hydrocarbons (Government of Canada, 1994a). According to the 

Government of Canada (1994a), PAHs found in spills of petroleum hydrocarbons contributed 79 

tonnes per year into the Canadian environment in 1990, with about 88% occurring on land and 
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12% in water. When ULOs are used as an energy source, PAHs can also be found in lower 

concentrations, in atmospheric emissions, and in the by-products of the energy generation, such 

as ashes and soot. According to the Government of Canada (1994b) and Irwin et al. (1997a), 

combustion in commercial boiler systems is extremely effective and, therefore, most organic 

compounds (99.4 to 99.99%) in ULOs are eliminated. These boiler systems may include 

registered waste incinerators or cement kilns. Depending on the types of energy generation 

methods, the concentration of PAHs may vary. For instance, when monitoring six ULO 

vapourizing pot-types burners (space heaters) in the Northwest Territories, concentrations as low 

as < 0.4 ppm of PAHs have been detected in ashes (Government of Canada, 1994b). Open 

burning of ULOs likely contributes to the atmospheric emissions of PAHs and metals and, 

therefore, deposition (Government of Canada, 1994b). Methods other than space heaters—such 

as furnaces, boilers, or engines—may not be efficient enough to eliminate metals and organic 

compounds, including PAHs, thereby contributing to atmospheric depositions in soil and water 

(Government of Canada, 1994b). PAHs can still be found in incompletely burned ashes and soot 

from cleaning processes (Government of Canada, 1994b). Other sources of PAHs related to ULO 

are re-refining factories, which generate air emissions, effluents, and solid wastes (Government 

of Canada, 1994b). Among the most common components found in re-refined ULOs are PAHs, 

metals, chlorinated solvents, and other organic compounds (Government of Canada, 1994b). 

Once released from its source, PAHs travel into the environment via various entry points 

and can affect soil, sediments, surface water, and even groundwater by leaching through soil and 

by surface runoff (CCME, 2010b). Some of these PAHs can go through transformations, such as 

biotic and abiotic transformation (photolysis, hydrolysis, etc.). Some can also contribute to 



WASTE LUBRICANT OILS MANAGEMENT IN REMOTE AREAS 64 

 

bioaccumulation and cause food-chain consequences. The term bioaccumulation is defined as the 

accumulation of chemicals in the tissues of an organism over time (USEPA, 2011). 

PAH environmental fate. 

The fate of PAHs in soil and water is largely influenced by their physical and chemical 

properties (CCME, 2010b.) To study these properties, weights of PAHs are related to the number 

of rings (see Appendix F). Generally, when the number of rings is between one and three, PAHs 

are considered light; when the number is four or more, they are considered heavy. Light PAHs 

are more water soluble, volatile, and biodegradable (API, 2011b; CCME, 2010b). According to 

Irwin et al. (1997b), the evaporation process starts when the oil reaches the environment 

(e.g., one to two ring aromatic hydrocarbons). Heavy PAHs are composed of four to six rings 

with low vapour pressure and are, therefore, non-volatile and hydrophobic (API, 2011b; 

Government of Canada, 1994a). 

Heavy PAHs, therefore, interact strongly with sedimentary organic carbon where they 

remain (Government of Canada, 1994a). They also have relatively low volatility, are readily 

bioaccumulated, and are toxic to aquatic organisms (Douben, 2003). Light PAHs are subject to 

photodegradation, biodegradation by microorganisms, and metabolism in higher biota (CCME, 

2008a, 2010b). The total PAHs present in ULOs are generally more resistant to photodegradation 

because they are in presence of other organic compounds (Government of Canada, 1994b). 

Metabolism is important in terms of the formation of carcinogenic metabolites (Douben, 2003, 

p. 4). 

The soil quality guideline for environmental health (SQGE) is based on the lowest of the 

available environmental health guidelines (soil contact, soil and food ingestion, or protection of 
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freshwater life). For PAHs, when a soil contact guideline was not available, an overall 

environmental soil quality guideline was not calculated. For the protection of the nonhuman 

environment, the guidelines joined SQGE for agricultural and residential-parkland as one group 

and commercial and industrial sites as another. The SQGE is based on the soil contact guideline 

value. Some of the values are considered provisional because they do not meet the minimum 

requirements of soil and sediment protocols (CCME, 2008b; see Appendix G). The provisional 

values are presented for users to consider applying at their own discretion (CCME, 2008b). 

Based on the most updated information from the Canadian Environmental Quality 

Guidelines website, no numerical guideline values are available for PAHs (see Appendix G) for 

the following guidelines: 

● Water Quality Guidelines for the Protection of Agriculture of Irrigation and 

Livestock; 

● Tissue Residue Quality Guidelines for the Protection of Wildlife Consumer of 

Aquatic Biota; 

● Air Quality Guidelines for the Protection of Human Health and the Environment; and 

● Guidelines for Canadian Recreational Water Quality if cPAHs are considered as 

Chemical Hazards (CCME, 2013). 

Ecotoxicology. 

Acute toxicity to aquatic biota is generally attributed to light PAHs compared to heavy 

PAHs because they have a greater solubility in water (CCME, 2010b). Some of the PAHs are 

considered to be carcinogenic and are known as carcinogenic polycyclic aromatic hydrocarbons 

(cPAHs; CCME, 2010a; Washington State Department of Ecology, 2011). The mutagenic and 
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carcinogenic properties of cPAHs attract environmental concern and are included in most 

environmental monitoring programs (Douben, 2003). The cPAHs are composed of three to five 

fused benzenoid rings (CCME, 2010a; Douben, 2003; Washington State Department of Ecology, 

2011) and include benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, and chrysene (CCME, 

2008b; Washington State Department of Ecology, 2011). These cPAHs are included among the 

16 PAHs, which are on the United States Environmental Protection Agency (USEPA) list of 

priority pollutants and are on the European Union list of PAHs recommended for monitoring. 

For mixtures of cPAHs, the reference chemical is benzo(a)pyrene. Benzo(a)pyrene was 

chosen, for human health, as the reference chemical to predict the cancer risk (CCME, 2008b) 

because the toxicity of the chemical is well characterized (CCME, 2010b). The toxicity 

equivalence factor for each cPAH is an estimate of the relative toxicity of the cPAH compound 

compared to benzo(a)pyrene (CCME, 2010a). The Canadian Drinking Water Quality Guideline 

in Appendix G shows a maximum of 0.00001 ppm of benzo(a)pyrene and no value for other 

cPAHs (Health Canada, 2013). This low benzo(a)pyrene concentration for drinking water 

guideline may explain why one litre of ULO may contaminate 1 million L of fresh water. 

Although benzo(a)pyrene is an environmental contaminant that can be absorbed by plants and 

animals, food products may contain trace levels of benzo(a)pyrene (Health Canada, 2013). 

A direct link between the octanol-water partition coefficient (Kow) of a ULO compound 

and the potential for bioaccumulation is well established (Government of Canada, 1994b; 

USEPA, 2011). Mussels have been identified to be particularly useful to demonstrate the 

bioaccumulation of PAHs as they are constantly pumping and filtering large amounts of water 
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and PAHs accumulated in the fatty tissues (USEPA, 2011). In aquatic invertebrates, the rate of 

PAH metabolism is relatively slow (Government of Canada, 1994b) and so accumulation occurs. 

This generally does not occur, however, in the case of fish due to the rapidity of PAH 

elimination and PAH metabolites. 

According to the document Polycyclic Aromatic Hydrocarbons2010 from the Canadian 

Soil Quality Guidelines for the Protection of Environmental and Human Health (CCME, 2010a), 

the chemical compounds listed in Appendix F are known or strongly suspected to act as 

carcinogens in humans and other mammals. The compounds are included on Schedule 1 of 

CEPA (1999). 

Other ULO substances, compounds, or elements. 

Information is available on the effects of several of the major ULO constituents on 

experimental animals and humans. These substances, however, are addressed in separate 

assessment reports, and their potential effects on human health are not discussed in this research. 

The conditions of each scenario, such as landscape, soil characteristics, water body 

characteristics and regime, seasons, weather, or terrestrial and aquatic biota, may vary greatly 

from one construction project to another; therefore, adaptive ULO assessments for each project 

are critical. Based on the above listed conditions and on the various concentrations found in the 

ULO samples, the potential effects of ULO substances should be evaluated on a site-specific 

basis and according to the field conditions (CCME, 2007). However, no standards for direct 

ULO contact with nature have been located to identify the threshold concentrations with respect 

to soil, drinking water, four land type uses, soil for aquatic biota, sediments, and so on. Despite 

that, scientific supporting documents are located on the CCME (2013) webpage, and specific 
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information on substances can be found in the Canadian Environment Quality Guidelines 

(CCME, 2013). Further documentation is also available in the USEPA Ecotox Databases in 

which a comprehensive database on the adverse effects of single substances relevant to aquatic 

and terrestrial species is constantly updated. 
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Methodology and Approaches 

For this research, methodological triangulation was used, which uses both quantitative 

and qualitative approaches via various methods. Field sampling was conducted and data 

collected; semi-structured interviews were carried out and three case studies were conducted. 

Data Collection 

Lubricant analyses were obtained to investigate ULO component concentrations between 

January 2011 and April 2013 from two participant laboratories (see Appendices A and B). These 

two independent laboratories were chosen as participants to give factual and representative data 

results. The two participating laboratories performed lubricant analyses with specific apparatuses 

for routine equipment monitoring (see Figures 17 and 18). Upon specific requests, the 

laboratories provided mechanical failure investigation and VLO analysis for quality verification 

(M. Zidoune, personal communication, January 31, 2013). 

Appendices A and B present average and maximum concentrations for the 22 and 19 

elements analyzed in ULOs, respectively. Thousands of ULO samples allow the tabulation. The 

samples, from various industries, were sent to the laboratories in order to find which element 

concentration (indicator) degrades their lubricants. Participant 1 gave separate data for each year 

(see Appendix A), whereas Participant 2 gave data for all years together for each lubricant type 

(see Appendix B). Participant 2, however, offered more details for other lubricants types, such as 

gear, compressor, and coolant, whereas Appendix A groups all other lubricants—such as gear 

oils, compressor oils, coolant, and others—in one column.  
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Notes 
Parameter 

Studied 
Instrument Model Manufacturer 

Method 
Reference 

1 
Metal wear 
22 elements 

for oil 

Spectrometer: Auto 
emission with auto 

sampler 
Optima 5300 V Perkin Elmer ASTM D5185 

2 
Total Acid 

Number (TAN) 
Titrator: TAN with 

autosampler 
TIM 845/Glass 
wear assembly 

Anachemia 
Science 

ASTM D974, 
D664 

3 
Total Base 

Number (TBN) 
Titrator: TBN with 

autosampler 
TIM 845 

ATS Scientific 
Inc. 

ASTM D4739 

4 Viscosity 
Automatic 
viscometer 

CAV Cannon ASTM D445 

5 
Water Crackle 
By Hot Plate 

Rapid tester No information 
ERDCO Eng. 

Co. 
Hot Plate/PMC 

method 

6 
Karl Fisher 
By titration 

Karl Fisher 
Coulometric/ 
Volumetric 

CA-20 
Folio Instrument 
Mettler Toledo 

ASTM D4928 
ASTM D3604 

7 Fuel Detection Fuel Dilution 
Rapid Tester/ 
Claus 500 GC 

Koehler 
Instrument/Perk

in Elmer 

ASTM D3828 
ASTM D3524 

8 Glycol 
Glycol 

Contamination 
Glass Cylinder, 
B1 & B3 tablets 

Accurate 
Manufacturing 

ASTM D2982 

Figure 17. Participant 1, laboratory apparatuses used for data collection and field samples 

analysis. 

Note. Test Type: Inductively Coupled Plasma (ICP) spectrometric analysis detects 22 metal wear 

elements—small particles < 6 microns; total acid number measures the total amount of acidic 

material present in a lubricant; total base number measures a lubricant’s reserve alkalinity to 

neutralize acidic products of combustion; viscosity is tested at operational temperature of the 

equipment—100°C on engines, 40°C on other equipment; water crackle by hot plate detects the 

presence of water in oil as a percentage—results are reported as positive or negative; Karl Fisher 

titration tests measures and reports water content as a percentage (e.g., 0.005% = 50 ppm); fuel 

detection measures the percentage of dissolved diesel or gasoline fuel present in an engine 

lubricant; the glycol test determines the presence of ethylene glycol in the lubricating oils. 
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Notes 
Parameter 

Studied 
Instrument Model Manufacturer 

Method 
Reference 

1 
Metal wear 19 
elements for 

oil 

Atomic emission 
spectrometer with 

auto sampler 

Varian 735-
ES 

Varian ASTM D5185 

Figure 18. Participant 2, laboratory apparatuses that provided data collection. ASTM = 

American Society for Testing and Materials. 

Note. Elemental analysis of metals, contaminants, and additives in lubricants. Elemental analysis 

by Inductively Coupled Plasma—production industrial lubricants. 

The data obtained from these labs are presented in this thesis along with their respective 

threshold concentration limits, which were retrieved from the Canadian Environmental 

Guidelines (CCME, 2013; see Appendix H). These guidelines are applicable to construction sites 

in remote areas. In an effort to study data relevant to construction in remote areas, the analysis 

focussed on hydraulic fluids and engine crankcase oils because these two families of lubricants 

represent most of the volume consumed in the construction industry. The general application of 

hydraulic fluids is for hydraulic machinery, earth-moving equipment, and other heavy industrial 

and construction equipment (Michigan Department of Environmental Quality Remediation and 

Redevelopment, 2004). Hydraulic fluids include automatic transmission fluid, brake fluid, floor 

hoist and hydraulic jack fluids, power steering fluid, and shock absorber fluid (Michigan 

Department of Environmental Quality Remediation and Redevelopment, 2004). Engine 

crankcase oils—as the name suggests—are used with any engine or motor employed in 

construction projects, such as those in vehicles, heavy-duty machinery, and generators. 

Lab analysis: Quality assurance and quality control. 

To be reliable, laboratories establish quality procedures for their lubricant analysis. 

Laboratories generally rely on best practices for performing their analysis. For example, 
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American Society for Testing and Materials established the ASTM standard test methods, which 

are used, or the OECD guidelines are used for testing chemicals, along with other systematic 

frameworks that are described below. 

Laboratory 1. 

The analyses were carried out using Inductively Coupled Plasma–Atomic Emission 

Spectroscopy (ICP-AES). Calibration standards were prepared from multi-element standard 

solutions. Four standards and one blank sample were used for calibration. The standard samples 

were prepared in a mineral oil matrix. During the analysis, blank and duplicate samples and 

standard reference materials were processed along with the samples. Additionally, sample 

duplicates were also extracted to assure reproducibility and repeatability of the method. The 

reported concentrations did not deviate more than 5% between the duplicates and reference 

materials. An extraction blank was processed and analyzed with each leached sample set of 10 

(M. Zidoune, personal communication, January 31, 2013). 

Laboratory 2. 

Quality control carried out by Participant 2 corresponded to standards ISO/IEC 17025 

applicable to testing laboratories. All available analyses sequences were processed according to 

the insertion charters controls (standard reference materials, internal reference materials, blanks, 

and replicates) accepted by the Ministry of Environment of Québec. As a minimum, 15% of the 

samples of analytical quality control sequence are not to vary by more than 5% of the expected 

value or the detection limit (the larger of the two when applied near the detection limit), 

according to F. Tremblay (personal communication, March 29, 2013). 
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Field Sampling 

Field sampling was conducted to study the element concentrations found in a mixture of 

different types of ULOs because these concentrations reflect the conditions of ULO storage tanks 

on construction sites in remote areas (see Figure 19). A representative sample of ULOs used in 

different applications was obtained, which included seven samplings from municipal garages, a 

motor garage, and a laboratory (see Appendix C). The municipal garage samples consisted of a 

variety of ULOs, such as those from equipment, machineries, and vehicles similar to those found 

in construction sites. Two other samples were taken from a motor oil garage; 95% of the ULO 

collection was from diesel engines, which are similar to the engine types found in heavy-duty 

machinery, and 5% was from commercial diesel generators, which are generally found in remote 

areas where no other electrical sources are present. Three samples were taken from a reservoir 

where mixed, discarded oils from a lubricant analysis laboratory are studied. All samples were 

sent to Lab 1. 
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Figure 19. Photos of the reservoirs where samples 1 to 7 were collected. Top left to bottom right: 

Municipal Garage 1 (capacity 80 L), laboratory (capacity 1,000 L), Municipal Garage 2 (capacity 

2,275 L), and motor garage (capacity 4,450 L). 

Semi-Structured Interviews 

Semi-structured interviews were carried out to obtain more precise information about 

lubricant use and management. The participants in the semi-structured interviews had different 

approaches, interests, and objectives with regards to ULO handling, and all participants had 

extensive experience in the lubricant field. 

1. M. Zidoune is a laboratory director for participant laboratory 1 and an analytical 

chemist since 1991. 
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2. F. Tremblay is president and scientific director for the participant laboratory 2 and 

working on research and development for lubricant in-depth filtration systems. 

3. M. Bélanger and M. Foucault are mechanical shop managers of a fleet of about 400 

heavy-duty vehicles and machinery at the Sherbrooke municipal garage in 

Sherbrooke, Québec, with over 30 years of experience. 

4. C. Drouin is a maintenance consultant (since 1992) for rolling equipment (i.e., off-

road vehicles, maritime fleets, and commercial transportation), and for the 

maintenance of off-road equipment, especially for road construction and hydro-

electric projects. 

5. M. Cordeau is pursuing an MBA in Leadership and Sustainability and was CEO of 

Bio-Lub Canada, which was one of the first 11 companies in 2009 to receive the 

USDA Certification Biopreferred for Bio-lubricants and, in 2013, he received the 

Certification Carbon Free for their Biohydraulic fluid. Furthermore, M. Cordeau held 

the Meteorology Subject Matter Expert position for NATO Flying Training in 

Canada. 

An electronic or paper copy of the open-ended questions was given to the participants. 

Participants’ answers were recorded in written form, and information was transcribed into the 

research paper as personal communication. 

Case Study 

A case study was undertaken to validate the findings from the semi-structured interviews 

and to understand the use of oil analysis as a possibility to reduce oil consumption in 

construction. Three organizations, one with long distance trucks, one with heavy-duty 
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machinery, and the other one with mining trucks, participated in the case study. Hundreds of 

samples were sent from the organizations to their respective laboratory at intervals of over a year 

or more. The organizations were a goods transportation truck fleet from Ontario, a municipal 

garage fleet from Sherbrooke in Québec, and a major Canadian construction company. The first 

two companies were selected to reflect the types of engines in heavy-duty machinery and 

equipment used in construction, yet they do not represent the road and operational conditions in 

remote construction sites. The third company was selected to reflect the thesis objectives: heavy-

duty truck activities for a mining client up north in the Boreal region. 

At the transportation fleet from Ontario, the quality of lubricants was measured from a 

total of 35 vehicles from three truck manufacturers that use the same type of engine oil. Engine 

oil was sampled and analyzed from each truck to measure the condition of the lubricants, the 

quality of additives, and the concentration of contaminants. The measurements were then used to 

produce a graph on degradability of additives. A total of 67 vehicles in the fleet at the 

municipality garage were measured with an equivalent analysis. At the mining project, the study 

was conducted on 14 Caterpillar trucks (773-B haul truck), excavators, and other machinery 

types with an equivalent analysis. Each sample result was compared to the values of their 

respective VLOs (e.g., total acid number, total base number, viscosity of oil), and additional 

information, such as metal wear, soot, fuel, and glycol concentrations. Critical concentration 

values indicated the necessity to change the ULOs, and this limit was determined based on the 

statistics from the laboratories. 
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Results and Discussions 

Laboratory analysis of ULOs during their use provides sufficient information on the 

remaining useful life of the lubricant to prolong oil change intervals. Other recent research and 

methods, such as in-depth filtration, allow for ULO sustainable development. A lubricant is part 

of an apparatus and should be considered a piece of the equipment (F. Tremblay, personal 

communication, March 29, 2013), which lends to the realization that with analysis and filtration, 

the lifespan of ULOs can be prolonged. This liquid piece of equipment can get soiled and spoiled 

and must be protected from all contamination sources and properly maintained so that it can 

continue to serve its purpose (F. Tremblay, personal communication, March 29, 2013). The 

provision of environmentally sustainable and practical solutions for ULO management as part of 

an environmental management plan will assist site workers improve handling and monitoring of 

ULOs on a daily basis. These changes will reduce the environmental footprint of the industry and 

will save on decontamination and transportation costs. 

Data Collection 

Two results from the two independent laboratories are shown in Appendices A and B. 

The first section shows elements that are considered toxic for human health and terrestrial and 

aquatic biota. These elements are the main focus of this data collection. The data from the second 

section present elements and substances that are generally not recognized as significant 

contaminants due to their low toxicity and their toxic threshold concentrations (Occupational 

Safety & Health Administration, US Department of Labor [OSHA], 2013; Vermont Agency of 

Natural Resources, & U.S. Environmental Protection Agency, 1996). 
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As referred to in Part 3 of Chapter 2, the toxicology section, the fate (e.g., leaching 

process) of these elements in the environment is complex and difficult to predict (Rauckyte, 

Hargreaves, & Pawlak, 2005). For example, the initial concentration of molybdenum found in a 

ULO is likely to be different from the concentration that reaches the groundwater table. 

The results from Lab 1 are exclusively ULO samples (see Appendix A), excluding all 

other sample types (e.g., VLOs and routine equipment monitoring). The results from Lab 2 

included all lubricant analysis (e.g., routine equipment monitoring, specific requests, mechanical 

failure investigation, and ULOs). Nonetheless, the comparison of average concentrations 

between the data from Labs 1 and 2 show consistency of concentrations among individual engine 

and hydraulic ULOs. Exceptions were present, however. In the hydraulic fluids, the 

concentration of lead was about 20 times lower in Appendix B compared to Appendix A, and 

iron and silicon was about 10 times lower in Appendix B. This may be explained by samples 

being diluted by relatively clean oil. 

The concentrations found in Appendix A are higher for year 2013 (17 out of 22 analyzed 

elements). The initial expectation was to find decreasing concentrations for all elements 

considered toxic with progressing time and as environmental awareness has increased over time. 

Average molybdenum concentrations decreased from 49.9 ppm (2011), 47.7 ppm (2012), to 

37.3 ppm (2013) and with a maximum of 445.0 ppm reached in 2011. In hydraulic fluids, the 

reduction happened for nickel. In motor oils, data showed that higher concentrations of calcium, 

magnesium, molybdenum, and zinc are found compared to all other oils. The data suggested that 

compressor oils seem to contain generally higher concentrations of metal and non-metal than 

coolants or gear oils. 
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The most significant findings, related to the concentration of toxic metals in ULOs from 

the data collection, were that of the total 22 and 19 elements analyzed in ULOs, Appendices A 

and B respectively, the average concentration of copper, molybdenum, and zinc are over most of 

Canadian regulatory guidelines (i.e., soil quality guidelines, sediment quality guidelines for the 

protection of aquatic life in fresh water, water quality guidelines for the protection of aquatic life, 

and drinking water quality guidelines). In addition, the concentrations of aluminum, boron, iron, 

lead, nickel, and silver may exceed water quality guidelines for the protection of aquatic life in 

fresh water (short and long term). 

The maximum concentrations presented in both Appendices A and B are not discussed in 

detail; all maximum concentrations are much higher than any of the threshold concentrations 

from the Canadian guidelines. Maximum concentrations are likely attributed to old machinery or 

the oil change schedule having been extended more than a reasonable amount, possibly forgotten 

from the fleet oil change schedule (M. Zidoune, personal communication, January 31, 2013). 

Overall, lubricants are complex mixtures with a wide range of components and 

concentrations (metals, non-metals, and organic compounds). The composition of a ULO from a 

storage tank and a mechanical workshop becomes difficult to generalize and to assess its real 

impact on the environment unless analyzing its content (M. Zidoune, personal communication, 

January 31, 2013). Nonetheless, these results made it clear that ULOs present a potential risk to 

the environment with respect to certain metal concentrations. 

Average concentrations for virgin mineral and synthetic lubricants are presented in 

Appendix D. Some metal and non-metal concentrations are as high as ULOs due to additives in 

the base oils. Boron, calcium, molybdenum, phosphorus, and zinc are among the high 
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concentrations. Molybdenum concentrations are particularly high in motor oils and coolants. 

Zinc concentrations are higher in motor oils and present an environmental risk based on all soil 

quality guidelines’ land type uses and water quality and sediment quality guidelines for the 

protection of aquatic life in fresh water. 

Results from Field Sampling 

Field analyses from organizations that use, and therefore represent, a variety of ULOs 

found in construction sites in remote areas are presented in Appendix C. Samples were collected 

from waste oil tanks. All tanks were static, except for the sample collected at the municipal 

garage of Mont-Saint-Hilaire city, which was smaller and on wheels see Figure 19. Waste oils 

were not stirred or mixed prior to taking the samples. Heavy metals are possibly more 

concentrated at the tank bottom, and the samples were taken from the top half of the ULO 

storage tank. This fact may explain why the element concentrations found in the field samples 

were generally lower compared to the element concentrations from the data collection. The 

samples from the data collection were assumed to be from a specific internal reservoir apparatus 

(M. Zidoune, personal communication, January 31, 2013). 

The results showed that element concentrations are generally similar in magnitude across 

the samples. The magnesium concentration in Sample 4, however, is about 10 times higher than 

the other six samples. According to M. Zidoune (personal communication, September 6, 2013), 

the additive elements, such as calcium and magnesium in diesel engine lubricants (used as a 

detergent agent), are generally in higher concentrations than other engine lubricants. Diesel 

engine oils are particularly suitable for buses and garbage trucks (Martin & Patton, 2007). The 

small used oil reservoir capacity (80 L) from which Sample 4 was collected, and the possibility 
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of garbage truck oil drainage into it, may explain why the molybdenum concentration was 

higher. 

The most significant observation in the field samples was the concentration of zinc, 

which exceeds most Canadian regulatory guidelines, as shown in Appendix H. The high 

concentration of zinc may be due to the utilization of zinc dithiophosphates, which is an additive 

used in engines oils, transmission and hydraulic fluids, and grease at a low cost and is an 

antiwear agent, antioxidant, and corrosion inhibitor (Badena et al., 2012). Molybdenum 

concentrations in all samples exceeded the soil quality guidelines for agricultural and residential-

parkland use, and one sample exceeded the soil quality guidelines for commercial and industrial 

land use. Four of the seven samples contained concentrations of aluminum, copper, lead, iron, 

and zinc above the drinking water quality guidelines, which highlighted the impact that ULOs 

could have on groundwater and surface water over a prolonged period. 

The frequency of lubricant changes is usually not based on scientific data. Generally, 

equipment manufacturers determine the lubricant lifetime for their pieces of equipment based on 

the lowest lubricant quality available, the worse climatic conditions, and ambient air quality, 

combined with poor mechanical maintenance management (C. Drouin, personal communication, 

July 9, 2013). Therefore, ULO laboratory analysis is justifiable during ULO use to provide 

sufficient information on the remaining useful life of the lubricant to prolong oil change intervals 

and to predict and prevent mechanical downtimes. 

Results from Case Studies 

Scientific literature, which brings factual results about lubricant analysis as a tool to 

reduce consumption, was not been located. Case Studies 1 and 2 reveal results in a real-life 
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context and provide a foundation for further studies. The hope is that all studies of this nature 

will become available to the public to foster a maximum of lubricant analysis adept. 

Case study 1. 

The first case study was a long distance transportation company (confidential), which 

assumed a controlled load weight with the best road conditions. Case Study 1 started the 

lubricant analysis program in 2011 to extend their motor oils lifetime. The transportation 

company used the same synthetic motor oil for their entire truck fleet and changed their motor 

oils every 40,000 km. Based on the following results (see Figure 20), the transportation company 

had an agreement with the truck sale’s company to re-establish their oil change intervals to 

80,000 km and still keep the warranty on their engines. 

Case Study 1 

Observations 
Freightliner 
(16 trucks) 

Kenworth 
(6 trucks) 

Volvo 
(13 trucks) 

TBN 
Remains over 2 mg 

(KOH/g)a 
Remains over 3 mg 

(KOH/g)a 

Decrease below 2 mg 
(KOH/g) after 
100,000 km 

Viscosity in centistoke 
(Cst) at 100°C 

Remains over 
14 Cst 

Remains in range of 
14 to 15.5 Cst 

Remains over 12 Cst 

Iron Normal range Normal range 
Normal range, except for 

one truck 

Copper Normal range 
Normal range, except 

for one truck 
Normal range, except for 

one truck 

Last oil change (km) 171,000 125,000 118,000 

Ratio(s) 40,000 and 
80,000 (km) 

4.3 and 2.1 times 3.2 and 1.6 times 3.0 and 1.5 times 

Remarks 
Mileage could be 

extended based on 
the oil analysis 

Mileage could be 
extended based on 

the oil analysis 

Mileage could be 
extended based on the oil 

analysis 

Figure 20. Case study 1, summary of the results at last available oil analysis. 

Note. Cst = centistoke; KOH = potassium hydroxyde. 
a Between 6 and 2 mg (KOH/g) is considered good based on lab statistics (M. Zidoune, personal 

communication, January 31, 2013). 
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The oil quality was still satisfactory in general for all truck manufacturers, according to 

the lubricant analysis laboratory, at the moment of the last oil change. No critical concentration 

values indicated the necessity to change the lubricants. As a result of this, the company doubled 

the oil change interval even though the data indicated that this was still conservative. 

Case study 2. 

The second case study was the municipal garage of Sherbrooke City. Sherbrooke started 

the lubricant analysis program late in 2009. They pursued the analysis program for about two 

years before obtaining sufficient results to extend oil drainage intervals (M. Foucault, personal 

communication, July 24, 2013). Sherbrooke used the same multigrade motor oil for their entire 

vehicle fleet, which is from a re-refined base oil, unless the manufacturer stated otherwise 

(M. Bélanger, personal communication, May 10, 2013). Multigrade means that the lubricant is 

good all year round, in cold and warm weather. As far as M. Bélanger (personal communication, 

May 10, 2013) could recall, the initial limit for oil changes was 6,000 km for thewhole vehicle 

fleet. At the beginning of the case study, oil analysis was done at 6,000 km, then more often (not 

precise), and around or after 12,000 km (M. Foucault, personal communication, July 24, 2013). 

Their ULO laboratory analysis was based on the monitoring of four main components: 

concentration of soot, viscosity variation, relative decline of total base number (TBN) from new 

oil, and the presence of glycol (see Figure 21; F. Tremblay, personal communication, March 29, 

2013). The other parameters involved, such as metal wear, were mainly accessories and were 

part of the predictive maintenance program designed to detect premature wear before a major 

breakdown (F. Tremblay, personal communication, March 29, 2013; M. Zidoune, personal 

communication, January 31, 2013). In Sherbrooke, the total vehicle and machinery fleet reaches 
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about 400 units and the analysis program was done on 67 vehicles (M. Foucault, personal 

communication, July 24, 2013). Examples of the vehicles that were studied are dump trucks, 

garbage front loading, and wheel loader (M. Foucault, personal communication, July 24, 2013). 

Case Study 2  
(Motor ULO being studied on a total of 67 pieces of machinery) 

VLO Reference 

Lubricant Type: Superpro RXL, Gold Plaus, 15W40 

Truck 1 
VE280154 

Truck 2 
VE280241 

Truck 3 
VE280242 

Truck 4 
VE280256 

Truck 5 
VE289853 

Truck 6 
VE300654 

Soot ppm: 0 126 185 162 159 28 142 

Viscosity in 
Centistoke (Cst) at 

100°C: 15.0 
14.6 15.3 15.0 14.9 12.7 14.6 

TBN: 8.6 6.9 5.9 4.3 5.1 4.2 6.7 

Total km 19,925 19,150 20,076 17,512 21,053 18,054 

Ratio based on 
original oil interval 
change (6,000km) 

3.3 times 3.2 times 3.3 times 2.9 times 3.5 times 3.0 times 

Remarks 

Soot: out of 
limit range, 
the rest is 
below the 
limit range 

Soot: out of 
limit range, 
the rest is 
below the 
limit range 

Soot and 
TBN: out of 
limit range, 
the rest is 
below the 
limit range 

Soot: out of 
limit range, 
the rest is 
below the 
limit range 

TBN: out of 
limit range, 
the rest is 
below the 
limit range 

Soot: out of 
limit range, 
the rest is 
below the 
limit range 

Figure 21. Case study 2, summary of the results at last available oil analysis. 

Note. TBN = total base number; VLO = virgin lubricating oil. 

Sherbrooke found that with the analysis program done on 67 vehicles, the extended 

average for drainage interval was 2.5 times higher (15,000 km) than the initial oil drainage 

interval of 6,000 km (M. Bélanger, personal communication, May 10, 2013; F. Tremblay, 

personal communication, March 29, 2013). The results led to a new standard oil change interval 
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for their vehicle fleet. The city chose a conservative new oil interval at every 12,000 km 

(M. Bélanger, personal communication, May 10, 2013). 

Both these case studies demonstrated the efficiency of ULO laboratory analysis to 

provide sufficient information on the remaining useful life of the lubricant to prolong oil change 

intervals. Based on this, a reduction of 50% in the volumes of ULOs generated by construction 

projects in remote areas can be reasonably estimated. 

Results from In-Depth Filtration 

In-depth filtration of ULOs is not new, but research and development continue in order to 

enhance performances (C. Drouin, personal communication, July 9, 2013). Based on 

chromatography, which is the separation of a mixture, a separation of the particles occurs by 

mobility difference within the base oil (F. Tremblay, personal communication, March 29, 2013). 

The filter consists of cellulose fibers, chemically activated to absorb water, sludge, gums, and 

varnish (F. Tremblay, personal communication, March 29, 2013). 

The main decontamination objective of in-depth filtration is to remove all particles larger 

than the thickness of the lubricant film as well as removing chemical contaminants such as acids, 

sludge, water, gum, and varnish that will stick to surfaces causing premature degradation 

(F. Tremblay, personal communication, March 29, 2013). In-depth filtration removes particles 

down to 0.5 microns according to F. Tremblay (personal communication, March 29, 2013), but 

generally 2 to 10 microns (C. Drouin, personal communication, September 6, 2013), which is 

sufficient for most of the mechanical components in operation. In-depth filtration can also 

remove a quantity of water that corresponds to the chemical equilibrium between the amount of 
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water in the oil and cellulose fiber up to 1 L per filter (F. Tremblay, personal communication, 

March 29, 2013). 

Case study 3. 

Case study 3 is still ongoing, but some preliminary results are available. As C. Drouin 

(personal communication, September 6, 2013) mentioned, more promising results are to come. 

This study is about the efficiency of bypass filtration for which in-depth filtration is applied 

directly on the machinery, at all times, as the trucks run 24 hours a day. This case study is not 

only concerning filtration but also a management system including bypass filtration, lubricant 

analysis, and anti-friction additives package. An anti-friction additives package is added to each 

VLO lubricant application in the truck (the details are confidential). According to C. Drouin 

(personal communication, August 31, 2013), the anti-friction additives reduce fuel consumption 

by at least 4% (conservative) thereby improving the impact from greenhouse gas emissions and 

fossil fuel consumption. The truck fleet uses mineral-based oil, 15W40 for summer and 

synthetic-based oil 0W30 for winter (C. Drouin, personal communication, August 31, 2013). 

Each truck has an oil reservoir capacity of 100 L. The manufacturer strongly recommends that 

the engine oil interval change be at every 250 hours to keep the warranty. Three mining trucks 

are presented in Figure 22 as an example because the laboratory analyses are available. The 

principal characteristics studied for the filtration are the additives, the viscosity at 40°C, and the 

soot percentage. 
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Case Study 3 (14 pieces of machinery in total) 
3 trucks (Caterpillar, 773-B rigid hauler trucks) 

Last Oil Change 
Observations 

Truck 1 
Oil type: 15W40 

Truck 2 
Oil type: 15W40 

Truck 3b 
Oil type: 0W30 

VLO ULO VLO ULO VLO ULO 

Lab Analysis Date — 13-07-16 — 13-07-16 — 13-08-13 

Additives: 
Ca, P, Zn (ppm) 

— 
Ca 2654 
P 1088 
Zn 1268 

— 
Ca 3711 
P 1500 
Zn 1735 

Ca 4246 
P 1678 
Zn 1907 

Ca 2818 
P 1196 
Zn 1363 

Viscosity in 
centistoke (Cst) at 100°C 

15.5 13.05 15.5 13.98 10.86 14.43 

Soot (%)a 0 0.27 0 0.31 0 0.12 

Total hours 0 1221 0 1084 0 1341 

Oil changed No No Yes 

Ratio(s): original oil interval 
change (hours) 

4.9 times 4.3 times 5.4 times 

Remarks 
More hours 

available based on 
the oil analysis 

More hours 
available based on 

the oil analysis 

Analysis indicators tell it’s 
time to change the oilb 

Figure 22. Case study 3, summary of the results at last available oil analysis. 

Note. Cst = centistoke; ULO = used lubricant toil; VLO = virgin lubricant oil 
a When soot percentage reaches 1%, the lubricant is still considered normal and does not need a 

total base number (TBN; acid) analysis. When soot reaches 3%, this is the maximum acceptable 

percentage as, more than that, the lubricant becomes abrasive and needs a TBN analysis to know 

if the lubricant really needs to be changed. 
b Truck 3 presented values that are inconsistent between VLO and ULO possibly due to 15W40 

added to the 0W30 lubricant during usage, according to the lubricant availability onsite. It is 

assumed by the study responsible that all the lubricants in Figure 22 could still be good for use. 

The results of this case study showed that engine oil in mining trucks can be extended by 

nearly 5 times the lifespan of the lubricant established by the manufacturer. Moreover, neither 

Truck 1 nor 2 need to change their motor oil even after more than 1,000 hours. C. Drouin 

(personal communication, September 6, 2013) is convinced, based on another study performed 

with in-depth filtration, that the engine oil interval could reach 2,500 hours. According to 
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F. Tremblay (personal communication, March 29, 2013), in-depth filtration can prolong the life 

of the lubricant by 7 times the life of the lubricant established by the manufacturer without 

significantly affecting the conditions of engine lubrication. 

Choosing Environmentally Acceptable Lubricants 

To be consistent and efficient with reducing ULO environmental impact, this research 

proposed more information on less toxic lubricants (environmentally acceptable lubricants). 

Even before reducing the volume of ULO generated by construction sites, bio-based lubricants 

should be preferred over petroleum-based oils (see Appendix I for different types of lubricants 

that are claimed to be bio). In this thesis research, environmentally acceptable lubricants are 

defined as lubricants that respect three environmental criteria thereby allowing their use in 

pristine regions, for example, remote areas and sensitive areas such as near or on fresh water 

plains. With reference to the composition and toxicology sections in Chapter 2, the main criteria 

chosen for this research were biodegradability rate, toxicity, and bioaccumulation potentials 

(USEPA, 2011). Therefore, the organic or vegetable-based oils are the first lubricants that 

qualify as environmentally acceptable lubricants. Synthetic ester lubricants offer the second 

choice compared to petroleum-based lubricants. Petroleum-based oils, such as mineral oil or 

polyalkylene glycols (USEPA, 2011), should be considered only if environmentally acceptable 

lubricants cannot serve the application. Figure 23 summarizes the three criteria evaluated 

carefully in 2011 by the United States Environmental Protection Agency. This information can 

be applied to construction projects in Boreal regions. 
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Figure 23. Comparative environmental behaviour of lubricants by base oil type. 

Note: From “Comparative Environmental Behaviour of Lubricants by Base Oil Type” by S. M. 

Mudge, as cited in Environmentally Acceptable Lubricants by Office of Wastewater 

Management, 2011, Washington, DC: United States Environmental Protection Agency. 

Copyright 2010 by S. M. Mudge. Retrieved from http://nepis.epa.gov 
a Solubility may increase the toxicity of some PAGs. 

In Canada, a manufacturer is producing a biodegradable hydraulic oil (100%) to be the 

first in the world certified CARBONFREE®. This Canadian company received the certification, 

for its bio-hydraulic fluid, from Carbonfund.org and NSF Sustainability, a division of a global 

independent public health organization called NSF International (M. Cordeau, personal 

communication, February 19, 2013). The bio-based lubricant is also certified by the United 

States Department of Agriculture, which stated that 96%of the product is of biological origin 

(M. Cordeau, personal communication, February 19, 2013). This Canadian lubricant 

manufacturer is also recovering (recycling) its own waste vegetable oils (ULOs) to produce lost 

types of lubricants, such as sprays such as multi-purpose lubricants (WD-40), form release oils 

(demolding), two-cycle engine oil, chainsaw oil, and degreasers (M. Cordeau, personal 

communication, February 19, 2013). Therefore, this hydraulic fluid manufacturer brings an 

environmental advantage (step further) over its competitors. Consequently, industries that use 

hydraulic applications such as in automotive, construction machinery, excavation, agriculture, 
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and forestry, now have access to ecological hydraulic fluid that is codified carbon-neutral ISO 46 

(M. Cordeau, personal communication, February 19, 2013). 

Unfortunately, bio-based lubricants as a VLO is not well defined. For example, the part 

of Québec’s provincial legislation—the Environmental Quality Act (2013)—that regulates 

hazardous materials (RSQ, c. Q-2, r. 32) is ambiguous about lubricants. The ambiguity 

principally comes from a lack of discernment between mineral-, synthetic-, and vegetable-based 

oils (M. Cordeau, personal communication, February 19, 2013). Presently, all lubricants are 

considered hazardous materials when referring to the Environmental Quality Act (2013) because 

no clarity exists about what a bio-based oil or synthetic oil should be made from to be safe to the 

environment (Regulation Respecting Hazardous Materials, RRQ, 2013). Recently, the OECD 

(2012) wrote a document called Recommendation of the Council on Assessing the Sustainability 

of Bio-Based Products. The OECD (2012) recognized its increasing contribution to the 

bioeconomy and the necessity to globally address worldwide challenges such as climate change, 

environmental footprints, and energy security. 

To foster sustainable change in the use of environmentally acceptable lubricants, people 

are invited to identify decision makers and policymakers. Considering personal experience, users 

usually request their lubricants from the purchasing department. Then, the purchasing 

department generally obtains final approval from higher management levels, such as the 

construction manager or the client. Part of the solution is offering more information and raising 

awareness on the subject for those who are responsible for and involved with lubricants. This is 

where the notion of causal loop diagrams (for ULO management system) can be used to rethink 

and present the advantages of a new system in order to change the behaviour of decision makers. 
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In this research, no causal loop diagram will be presented as every project and organization is 

different, but advantages and disadvantages of bio-based lubricants are presented in the 

following bullet points. 

Advantages. 

The benefits of bio-based lubricants are that they 

 present an ecological alternative to mineral-based oils as the production of bio-based 

oils generally occurs on existing agricultural land in contrast to petroleum extraction 

(i.e., drilling wells or excavating tar sands) in pristine areas (M. Cordeau, personal 

communication, February 19, 2013). 

 are produced in Canada and its transportation can be by existing rail or road, 

compared to ship or pipelines that limit major spills to sensitive areas, such as the 

Exxon Valdez spill (M. Cordeau, personal communication, February 19, 2013). 

 participate in reducing the greenhouse effect because production in Canada is carbon 

free. 

 are likely to be petrogenic PAH free, which is not the case with poorly or mildly 

refined petroleum-based lubricants (USEPA, 2011). 

 do not contain heavy metals and other toxic substances such as sulfur found in crude 

based lubricants (M. Cordeau, personal communication, February 19, 2013). 

 recover waste vegetable oils to produce lost types of lubricants and to have less 

environmental impact than using new vegetable-based oils, and obviously less impact 

than mineral- or synthetic-based oils (M. Cordeau, personal communication, February 

19, 2013). 
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 conserve energy, as Rudnick (2013) argued that the “use of CMVO [chemically 

modified vegetable oils] in the formulation of many engine oils, gear lubricants and 

transmission fluids makes the system more energy conserving and leads to increased 

fuel economy” (p. 400). 

 created from renewable resources, so the esters of vegetable lubricants are readily 

biodegradable and, therefore, assimilated by the environment (Betton, 2010). 

 are fully biodegradable and eco-friendly, and vegetable-based oil biodegradability is 

not less than 90% even with a blend of additives (Dwivedi, 2013);therefore, vegetable 

oils and chemically modified vegetable oils can provide environmentally acceptable 

lubricants. 

 are likely to be about the same price as synthetic lubricants, but without affecting our 

planet (M. Cordeau, personal communication, February 19, 2013). 

Disadvantages. 

The inconveniences of bio-based lubricants are that 

 they are suspected to contain lower concentrations of toxic substances than mineral-

based oils. Contaminants are likely the result of degradation of additives, metals and 

non-metals wear, and other external contamination (USEPA, 2011), such as water 

vapour attracted to vegetable oils and other bio-based lubricants, which causes 

oxidation and bacterial development in the lubricant (M. Cordeau, personal 

communication, February 19, 2013). 

 the usage is limited due to high temperature instability (+80°C); therefore, bio-based 

lubricants have fewer application types than synthetic lubricants (M. Cordeau, 
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personal communication, February 19, 2013). As Rudnick (2013) explained, the 

manufacture of a crankcase oil made only from vegetable-based oil by chemical 

modifications alone is not possible because the base oil cannot meet all the 

characteristics required for it. Nevertheless, bio-based lubricants can fulfill about 60 

to 70% of all possible lubricant applications (Dwivedi, 2013). 
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Conclusion and Recommendations 

The main issues with construction are overconsumption of lubricants, frequent spills and 

leaks, difficulty of adopting environmentally acceptable lubricants, difficulty of adopting unified 

governing methods on ULOs, and difficulty of forming a complex ULO management system to 

meet various challenges related to ULOs. 

For a large construction project, some contractors are quite likely to have insufficient 

knowledge regarding lubricant management; therefore, a designated person should oversee 

lubricant management for all participants in a project. This person can manage purchases, 

mechanical-maintenance, filtration, reuse, storage, spills, discharge, tracking, and so on. The 

overall costs for lubricant management should be shared among contractors and be included in 

each contract under environmental requirements. The lubricant management should start before 

any earthwork activities. 

Analysis 

The following are issues and recommendations regarding ULO management: 

1. Use a portable ULO analyzers onsite to monitor the lubricant quality. 

2. Send a ULO, when it is considered finished, to an independent laboratory before 

discarding. 

3. Send a sample of a VLO, if unsure of its condition or quality, to an independent 

laboratory before discarding. 

4. Organize a separate log book for analysis of each piece of equipment. This is to 

manage the oil change intervals of fleets for both construction companies and 

subcontractors involved in the same project. This log book system may also help to 
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identify any major spills that may have happened through tracking of the specific 

analysis results. In addition, this book can be used to prove oil spills to the authorities. 

5. Establish a by-law that requires any industrial activities in the Boreal regions (e.g., 

the construction industry) to do routine lubricant analysis for all mobile and stationary 

machinery and equipment; this bylaw shall also include analysis on ULOs ready to be 

reused or transported offsite (i.e., for transportation incident intervention). 

In-Depth Filtration 

1. Install an in-depth filtration system on each ULO tank according to the volume and to 

reuse filtered and recovered ULOs in the equipment before introducing VLOs (see 

Figure 24). 

2. Install an in-depth filtration system on machinery subject to higher contamination 

rates (e.g., water condensation or dust in hydraulic fluid). 

Figure 24. An in-depth filter, a small mobile in-depth filtration, and a larger capacity in-depth 

filtration. 

Toxicology 

1. Require that scientists, who are responsible for the ecotoxicology of the Boreal region 

species, use well characterized ULO mixtures to test not-at-risk species similar to the 
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species with a limited distribution range, rare species, and species that are near 

extinction (De Leo & Levin, 1997). 

2. Have Environment Canada develop a guideline specifically for lubricants, which will 

allow the identification of concentration limits for each component, substance, and 

element suspected to be present in a lubricant. These guidelines can help scientists 

anticipate the consequences of anthropogenic activities in the Boreal region and will 

allow construction projects to take proper actions to maintain the life support systems 

that all species depend on, to protect drinking water supplies, and to prevent aquatic 

and terrestrial species from any ULO acute or chronic effects. 

ULO Sampling and Analysis 

1. Provide as much information as possible about the ULO samples used (during a 

study) on the species to maintain reliability and reproducibility of test results; 

therefore, results of complete ULO composition analyses should be presented along 

with the reports to increase the study credibility (i.e., substance concentrations for 

toxic metals, non-metals, and organics, such as PAHs and BTEX). 

2. Include sample origin(s), such as (a) ULO type (e.g., engine oils, hydraulic fluids, 

transmission fluids, gear oils, metal working oils, coolants, etc.) or indicate as 

unknown when origins are undetermined; (b) machinery type or function (e.g., loader, 

grader, truck, etc.); (c) age of the lubricant (mileage or hours of use); (d) the ambient 

condition under which the machinery usually works (relative humidity, dust, cold-hot 

daily, etc.). 
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3. Establish and distribute standards on ULO samples among the scientific community 

when doing an ecotoxicology test on species with ULOs. 

Lubricant Choice 

1. Initiate a trial for the Boreal region by developing and implementing a national 

framework for assessing the sustainability of bio-based lubricants—as the OECD 

recommend edits members (Canada included) use bio-based products—on behalf of 

Environment Canada (OECD, 2012). 

2. Possibly apply a mineral-based oils tax to the construction industry in the Boreal 

region based on the lubricant volume used to create an economic incentive to 

encourage the industry to choose environmentally acceptable lubricants. 

3. Create an amendment in the Canadian Environmental Act that says, for example, 

“New regulations amending certain regulations made under Section XX, of the 

Canadian Environmental Protection Act, 1999,” and then add the following under 

Section XX: “Any projects in the Boreal regions shall use bio-based lubricants 

primarily and synthetic esters lubricants (POEs) as a secondary option in all suitable 

applications.” 

4. Complete more studies (research and development) on bio-based lubricants to 

increase the number of application types. 

5. Consider the purchase of environmentally acceptable lubricants in the early stages of 

construction, and machinery should be filled with this type of lubricant prior to going 

on site. 
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Mechanical Workshop 

1. Perform oil changes and other major vehicle and truck maintenance work in a 

dedicated zone, away from sensitive ecosystems (e.g., in a mechanical workshop). 

2. Equip the workshop with a concrete floor, which then drains to oil and water 

separators. 

3. Equip machinery with quick-coupling valves on the oil drainage reservoir and on the 

sniffer to push compressed air in order to avoid spills or ULO contact with workers 

and to save on labour time. 

4. Install ULO burners (space heaters), use recovered ULOs, and respect the provincial 

regulations (in context of remote areas). The burner can be used in mechanical 

workshops to reduce the overall ULO volume to be disposed by the demobilization 

phase and to reduce costs of energy consumption. 

5. Soot and ashes from space heaters can be mixed with cement, primarily to make a 

small concrete cube, then trap the small cube into precast concrete New Jersey 

barriers, as seen below. The concrete can be also made into other shapes, which can 

be used for various purposes (see Figure 25).  



WASTE LUBRICANT OILS MANAGEMENT IN REMOTE AREAS 99 

 

 

Figure 25. Image of precast concrete New Jersey barriers. 

Note. From Wikimedia Commons. Retrieved from 

http://commons.wikimedia.org/wiki/File:BarreiraNewJersey.JPG 

Mixing 

1. Segregate ULOs (e.g., motor, hydraulic, and coolant) into different storage tanks (i.e., 

double-walled tanks); do not mix them and keep them watertight because any mixing 

causes potential difficulties to filtration and reuse. 

2. Have extra tanks for each VLO and to receive their respective filtered ULO, and have 

one extra ULO storage tank for final disposal. Final disposal is when the filtration and 

independent laboratory analysis confirm that ULOs are unfit to reuse or to produce 

energy. 

On Site 

1. Protect the soil and prevent runoff with hydrocarbon absorbent material to avoid 

habitat degradation due to pollution when doing vehicle maintenance on site. 

2. Monitor, prevent (by keeping an oil spill kit handy), mitigate, and adequately clean 

any oil spills to protect soil health and water bodies. 

3. Construct a watertight (liner) contaminated soils platform with retention dikes and an 

oil and water separator. 

http://commons.wikimedia.org/wiki/File:BarreiraNewJersey.JPG
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4. Use high concentrations of live synergistic bacteria, which quickly start the 

bioremediation process for your contaminated soil platform. 

5. Have the construction manager (organization) establish a back-charge system, and 

bill the contractors if their cleanup is not done in a respectful and reasonable 

timeframe after an oil spill incident. The back charging for cleaning should be more 

expensive than usual in order to create an economic incentive to use preventive 

maintenance and to avoid spills. 

Tracking 

1. Adapt the existing Canadian waste manifest tracking for ULOs in order to assess 

lubricant life cycles (VLO to ULO; cradle-to-grave tracking). 

2. Track all lubricant volumes until the completion of construction. This includes 

volumes already in machinery, VLOs brought to site, leaks, spills, ULOs used as an 

energy source, and ULOs onsite and sent offsite. This may be used for carbon credit 

for overall ULO consumption reduction. 

3. Track bio-based, POE, synthetic and mineral-based lubricant volumes involved in 

construction projects, under the responsibility of the lubricant management. This 

tracking may also be used for carbon credit for overall reduction efforts of carbon 

emissions. 

Final Disposal 

When all possible measures have been taken to extend a lubricant’s lifetime, the ULO is 

then ready for final disposal. Generally, the nearest facility for ULO disposal must be chosen to 

limit the transportation distance. The facilities may include cement kilns that can use ULOs as an 
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energy source and that have a very high combustion temperature equipped with fume filtration to 

destroy and filter toxics substances. This option reduces the consumption of new fossil fuels used 

to operate cement factories. Re-refining ULOs in a modern facility is another sustainable and 

sound method for final disposal. According to USEPA (2012), 3.8 L of ULOs provides 2.4 L of 

base oil and to produce the same 2.4 L, 159 L of crude oil is needed; therefore, re-refining ULOs 

can save valuable volumes of water during process and raw nonrenewable resources. 

This research has shown that the effects of ULOs on the environment can be mitigated 

substantially by the appropriate management of lubricants in construction sites in Boreal regions. 
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Appendix A: Participant 1, Substance and Element Concentrations in ULOs 

Participant 1 

ULO analysis from January 2011 to April 2013 (including non-detectable values) 

Elements 

All values 

are in ppm 

Motor Oils (year/sample quantity) 

(2011/2845) (2012/2617) (2013/1373) 

Hydraulic Fluids (year/sample 

quantity) 

(2011/56) (2012/58) (2013/27) 

Other Oils (year/sample quantity) 

(2011-/14) (2012/553) (2013/492) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Elements Considered as Ecotoxic 

Aluminum 

(Al)a 
4.2 2.6 3.4 

953.0 

(2011) 
61.0 18.2 8.5 

878.0 

(2011) 
90.5 83.2 90.2 

5223.0 

(2012) 

Barium (Ba) 0.8 0.6 1.1 
331.0 

(2013) 
0.2 1.4 2.5 

43.0 

(2013) 
2.1 4.1 3.1 

898.0 

(2013) 

Cadmium 

(Cd)b 
0.01 0.0 0.4 

339.0 

(2013) 
0.2 0.2 0.1 

8.0 

(2012) 
0.8 0.1 0.1 

163.0 

(2011) 

Chromium 

(Cr)b 
1.0 1.2 1.6 

325.0 

(2013) 
0.9 3.6 1.8 

104.0 

(2012) 
5.6 7.0 4.1 

167.0 

(2012) 

Copper (Cu)a 59.3 50.9 95.2 
2125.0 

(2013) 
25.6 179.7 147.0 

6655.0 

(2012) 
366.9 201.4 236.0 

10400.0 

(2012) 

Iron (Fe)a 31.1 28.9 30.2 
3865.0 

(2011) 
117.5 126.8 89.7 

3780.0 

(2011) 
483.1 678.3 637.0 

14960.0 

(2012) 

Lead (Pb)b 5.7 6.1 6.1 
1026.0 

(2012) 
5.5 34.0 20.4 

1224.0 

(2012) 
226.9 18.4 21.0 

12410.0 

(2011) 

Manganese 

(Mn)a 
0.9 0.6 1.6 

325.0 

(2013) 
0.6 1.4 2.1 

16.0 

(2012) 
5.7 8.7 6.0 

154.0 

(2012) 

Molybdenum 

(Mo)a 
49.9 47.7 37.3 

445.0 

(2011) 
0.4 1.9 1.3 

74.0 

(2012) 
9.4 6.1 8.6 

1283.0 

(2011) 

Nickel(Ni)b 0.3 0.2 0.5 
329.0 

(2013) 
1.8 1.1 0.9 

93.0 

(2011) 
9.7 6.3 13.0 

227.0 

(2013) 
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Participant 1 

ULO analysis from January 2011 to April 2013 (including non-detectable values) 

Elements 

All values 

are in ppm 

Motor Oils (year/sample quantity) 

(2011/2845) (2012/2617) (2013/1373) 

Hydraulic Fluids (year/sample 

quantity) 

(2011/56) (2012/58) (2013/27) 

Other Oils (year/sample quantity) 

(2011-/14) (2012/553) (2013/492) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Potassium 

(K) 
101.3 28.3 35.8 

12740.0 

(2011) 
2.9 3.3 4.7 

31.0 

(2013) 
88.1 38.9 350.9 

2718.0 

(2013) 

Silver (Ag)a 1.0 0.6 0.7 
328.0 

(2013) 
0.0 0.1 0.0 

2.0 

(2012) 
0.1 0.2 0.1 

13.0 

(2012) 

Tin (Sn)a 0.7 0.8 1.7 
324.0 

(2013) 
9.1 17.0 13.4 

592.0 

(2012) 
37.1 18.7 14.6 

1855.0 

(2011) 

Vanadium 

(V)a 
0.0 0.0 0.4 

325.0 

(2013) 
0.1 0.0 0.0 

3.0 

(2011) 
0.1 0.2 0.5 

47.6 

(2013) 

Zinc (Zn)a 1067.2 1081.8 1028.9 
1794.0 

(2013) 
133.6 364.4 837.1 

1773.0 

(2013) 
313.7 348.2 142.2 

4449.0 

(2012) 

Other Substances Analyzed 

Boron (B) 41.4 41.2 22.6 
3115.0 

(2013) 
5.2 9.4 50.6 

148.0 

(2013) 
154.6 96.6 361.5 

7013.0 

(2012) 

Calcium (Ca) 1569.6 1726.6 1823.8 
5876.0 

(2012) 
70.0 485.3 1769.6 

10810.0 

(2012) 
637.4 751.7 326.3 

7050.0 

(2012) 

Magnesium 

(Mg) 
587.9 521.6 431.5 

1629.0 

(2013) 
9.7 26.4 9.1 

416.0 

(2012) 
59.4 35.5 59.4 

1979.0 

(2011) 

Phosphorus 

(P) 
912.0 901.2 865.6 

1665.0 

(2012) 
6600.8 387.9 829.6 

131500.0 

(2011) 
751.5 852.4 594.4 

4501.0 

(2012) 

Silicon (Si) 19.2 17.0 24.5 
13350.0 

(2011) 
156.6 45.4 26.0 

2108.0 

(2011) 
155.6 224.7 252.2 

20460.0 

(2012) 
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Participant 1 

ULO analysis from January 2011 to April 2013 (including non-detectable values) 

Elements 

All values 

are in ppm 

Motor Oils (year/sample quantity) 

(2011/2845) (2012/2617) (2013/1373) 

Hydraulic Fluids (year/sample 

quantity) 

(2011/56) (2012/58) (2013/27) 

Other Oils (year/sample quantity) 

(2011-/14) (2012/553) (2013/492) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Sodium (Na) 123.1 98.6 138.4 
6456.0 

(2011) 
35.0 5.2 5.4 

508.0 

(2011) 
52.5 34.3 525.9 

10504.0 

(2013) 

Titanium (Ti) 0.5 1.2 3.7 
1632.0 

(2013) 
0.7 1.0 0.4 

14.0 

(2011) 
3.0 5.4 5.4 

439.0 

(2012) 

Note. Blue boxes represent the 2013 maximum concentrations, higher or equal than any another years for each lubricant application. 

Light red boxes represent the 2013 average concentrations, higher or equal than any another years for each lubricant application type. 

More than one CAS number applies to the group of aluminum compounds inorganic cadmium compounds, and hexavalent chromium 

compounds. Lead is CAS number: 7439-92-1. More than one CAS number applies to the group of oxidic, sulphidic and soluble 

inorganic nickel compounds. Vanadium pentoxide has the molecular formula V2O5. 
a On the Occupational Safety & Health Administration website list of toxic metals, including “heavy metals” (OSHA, 2013). 
b On the Canadian Toxic Substances—Schedule 1 (Environment Canada, 2013b). 
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Appendix B: Participant 2, Substance and Element Concentrations in ULOs 

Elements 

All values are in 

ppm 

Participant 2 

Lubricant analysis from January 2011 to April 2013(including non-detectable values) 

Crankcase Oils 

(1787 samples)  

Hydraulic Fluids 

(8318 samples)  

Gear Oils 

(8298 samples) 

Compressor 

 (1030 samples) 

Coolants 

(441 samples) 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Elements Considered as Ecotoxic 

Aluminum (Al)a 3.0 157.2 0.4 426.7 1.5 3650.0 2.6 582.1 0.4 78.0 

Antimony (Sb)a 0.4 23.6 0.1 58.0 18.4 2558.0 0.1 5.7 0.5 22.0 

Barium (Ba) 0.3 13.8 2.0 1620.0 2.0 226.6 52.1 2030.0 0.2 73.0 

Chromiumb (Cr) 1.4 31.9 0.6 80.5 0.3 100.0 0.1 8.1 0.2 63.0 

Copper (Cu)a 21.1 362.6 13.3 2642.2 8.6 2776.0 14.9 2470.9 1.3 61.0 

Iron (Fe)a 28.7 554.8 6.9 1332.0 35.7 12121.0 8.5 1137.0 1.0 57.0 

Leadb (Pb) 3.4 110.1 0.8 71.5 1.6 523.2 0.8 121.3 0.4 36.1 

Molybdenum (Mo)a 38.7 290.6 1.0 1302.0 9.3 1459.0 6.9 83.2 14.9 477.0 

Nickelb (Ni) 0.2 49.1 0.2 68.2 0.2 69.3 0.1 13.5 0.1 35.0 

Silver (Ag)a 0.4 8.7 0.2 59.0 0.1 10.1 0.1 8.2 0.2 79.0 

Tin (Sn)a 1.1 9.0 4.5 1427.0 1.0 557.5 0.7 75.4 2.3 129.1 

Zinc (Zn)a 1054.0 4812.0 307.7 15623.0 66.5 4818.0 275.9 3277.0 2.9 575.6 
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Elements 

All values are in 

ppm 

Participant 2 

Lubricant analysis from January 2011 to April 2013(including non-detectable values) 

Crankcase Oils 

(1787 samples)  

Hydraulic Fluids 

(8318 samples)  

Gear Oils 

(8298 samples) 

Compressor 

 (1030 samples) 

Coolants 

(441 samples) 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Average 

ppm 

Maximum 

ppm 

Other Substances Analyzed 

Boron (B) 12.6 421.2 3.2 1439.0 23.1 580.8 1.7 64.7 41.5 544.0 

Calcium (Ca) 1428.0 15369.0 115.9 24788.0 70.4 12214.0 193.0 2740.0 0.9 70.0 

Magnesium (Mg) 639.7 3193.0 3.8 1725.0 13.0 1931.0 172.2 1030.0 0.3 42.0 

Phosphorus (P) 916.7 4628.0 353.9 63173.0 403.3 3057.0 325.1 2356.0 234.0 3297.0 

Potassium (K) 21.6 955.0 3.0 165.6 2.7 3158.0 3.8 43.7 463.1 5829.0 

Silicon (Si) 8.2 140.1 2.4 3727.0 11.9 11995.0 19.1 11385.0 4.2 487.5 

Sodium (Na) 22.4 3193.0 3.4 1744.0 2.1 4650.0 10.3 182.2 265.8 2928.0 

a On the Occupational Safety & Health Administration website list of toxic metals, including “heavy metals” (OSHA, 2013). 
b On the Canadian Toxic Substances—Schedule 1 (Environment Canada, 2013b). 
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Appendix C: ULO Field Samples Analysis 

Field Samples, Contribution: Participant 1 

Samples from May to July 2013 (including non-detectable values) 

Elements 

(in ppm) 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 

Lubricant 

Laboratory 

From 300 L 

Lubricant 

Laboratory 

From 900 L 

Lubricant 

Laboratory 

From 1,000 L 

Municipal 

Garage 

Mont-St-Hilaire 

Municipal 

Garage 

Saint-Hyacinthe 

Private 

Garage 

Diesel Maska 

Private 

Garage 

Diesel Maska 

 Elements Considered as Ecotoxic 

Barium (Ba) 0.0 0.0 0.0 0.0 1.0 1.0 1.0 

Cadmium (Cd)a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Chromium (Cr)a 1.0 0.0 0.0 0.0 1.0 2.0 0.0 

Copper (Cu) 12.0 11.0 9.0 8.0 13.0 10.0 25.0 

Lead (Pb)a 3.0 9.0 6.0 2.0 3.0 6.0 5.0 

Molybdenum (Mo) 27.0 29.0 21.0 47.0 11.0 21.0 15.0 

Nickel (Ni)a 1.0 1.0 2.0 0.0 0.0 0.0 0.0 

Vanadium (V) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Zinc (Zn)b 217.0 277.0 205.0 1255.0 853.0 1129.0 1171.0 

 Other Elements Analyzed 

Aluminum (Al) 2.0 2.0 1.0 2.0 6.0 7.0 4.0 

Boron (B) 22.0 46.0 20.0 8.0 41.0 187.0 134.0 

Calcium (Ca) 1364.0 1329.0 960.0 1620.0 1662.0 2214.0 2474.0 

Iron (Fe) 14.0 15.0 12.0 11.0 39.0 23.0 13.0 

Magnesium (Mg) 74.0 92.0 65.0 658.0 30.0 83.0 61.0 

Manganese (Mn) 0.0 0.0 0.0 0.0 1.0 3.0 1.0 
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Phosphorus (P) 438.0 765.0 651.0 1087.0 851.0 910.0 1001.0 

Potassium (K) 9.0 10.0 1.0 10.0 12.0 47.0 50.0 

Silicon (Si) 15.0 14.0 27.0 6.0 13.0 43.0 18.0 

Silver (Ag) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sodium (Na) 14.0 14.0 18.0 11.0 111.0 115.0 73.0 

Tin (Sn) 0.0 1.0 0.0 1.0 0.0 0.0 0.0 

Titanium (Ti) 0.0 0.0 0.0 0.0 2.0 0.0 0.0 

 Other Substances Analyzed (content in ULO samples) 

Diesel 200.7 211.3 206.8 221.3 212.9 230.1 —c 

Glycol 0.0 0.0 0.0 0.2 0.2 5.4 5.0 

Water (%) 

“Hot Plate” 
—c 0.0 0.5 1.0 0.1 0.1 1.0 

Soot 5.2 5.6 3.3 0.0 1.0 3.5 —c 

Sulfate 20.8 27.7 22.9 17.1 19.5 11.8 14.0 

Nitration 6.3 6.2 5.7 6.6 6.5 11.8 9.0 

Oxidation 13.6 20.3 15.1 13.6 14.8 14.5 13.0 

Antiwear 13.5 17.7 16.4 18.4 14.9 8.4 13.0 

Note. The 0.0 ppm represents concentrations under the detection limits for the predictive and maintenance lubricant analysis 

objectives. 
a On the Canadian Toxic Substances—Schedule 1(Environment Canada, 2013b). 
b On the Occupational Safety & Health Administration website list of toxic metals, including heavy metals (OSHA). 
c These dashes indicate that data was not analyzed. 
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Appendix D: Participant 1, Substance and Element Concentrations in VLOs as Reference to ULOs 

Participant 1 

VLO Analysis from January 2011 to April 2013 (including non-detectable values) 

Elements 

All values in 

ppm 

Motor Oils (year/sample quantity) 

(2011/83) (2012/65) (2013/23) 

Hydraulic Fluids, Gear Oils, 

Compressor Oils, Transmission Fluids 

(year/sample quantity) 

(2011/183) (2012/224) (2013/67) 

VLO analysis from  

January to April 2013 

Aviation 

7 lubricants 

Coolants 

12 lubricants 
Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 
Average Maximum Average Maximum 

Elements Considered as Ecotoxic 

Aluminum 

(Al)a 
1.1 1.0 0.8 

5.0 

(2011) 
0.2 0.3 0.4 

7.0 

(2011) 
0.3 1.0 1.2 11.7 

Barium (Ba) 0.1 0.2 0.0 
6.0 

(2012) 
14.7 0.1 1.0 

930.0 

(2011) 
6.9 44.0 202.5 914.0 

Cadmium 

(Cd)b 
0.0 0.0 0.0 

2.0 

(2011) 
0.0 0.0 0.0 

1.0 

(all) 
0.0 0.0 0.0 0.0 

Chromium 

(Cr)b 
0.1 0.2 0.4 

2.0 

(2011–13) 
0.0 0.1 0.3 

2.0 

(2012-13) 
0.4 1.0 0.1 1.0 

Copper (Cu)a 1.4 0.1 0.8 
54.0 

(2011) 
0.1 0.1 0.1 

8.0 

(2012) 
0.0 0.0 0.0 0.0 

Iron (Fe)a 1.6 1.4 1.4 
13.0 

(2011) 
0.3 0.6 0.2 

33.0 

(2012) 
0.0 0.0 0.0 0.3 

Lead (Pb)b 1.8 1.3 2.9 
16.0 

(2013) 
0.8 0.7 0.5 

12.0 

(2012) 
0.4 1.0 0.1 0.3 

Manganese 

(Mn)a 
0.1 0.1 0.0 

5.0 

(2011) 
0.0 0.0 0.0 

2.0 

(2012) 
0.0 0.0 0.0 0.0 

Molybdenum 

(Mo)a 
63.1 24.7 11.5 

943.0 

(2011) 
8.3 11.2 15.0 

1351.0 

(2012) 
1.1 3.0 50.1 594.1 
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Participant 1 

VLO Analysis from January 2011 to April 2013 (including non-detectable values) 

Elements 

All values in 

ppm 

Motor Oils (year/sample quantity) 

(2011/83) (2012/65) (2013/23) 

Hydraulic Fluids, Gear Oils, 

Compressor Oils, Transmission Fluids 

(year/sample quantity) 

(2011/183) (2012/224) (2013/67) 

VLO analysis from  

January to April 2013 

Aviation 

7 lubricants 

Coolants 

12 lubricants 
Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 
Average Maximum Average Maximum 

Nickel(Ni)b 0.1 0.1 0.0 
2.0 

(2011) 
0.0 0.1 0.1 

2.0 

(2012) 
0.3 1.0 0.0 0.1 

Potassium 

(K) 
5.6 6.0 7.0 

17.0 

(2012) 
1.8 1.7 1.8 

54.8 

(2012) 
9.6 23.0 17.0 67.9 

Silver (Ag)a 0.0 0.1 0.2 
4.0 

(2012) 
0.0 0.1 0.0 

6.0 

(2012) 
0.0 0.0 0.0 0.0 

Tin (Sn)a 0.4 0.2 0.2 
5.0 

(2011) 
1.3 2.0 1.0 

333.0 

(2012) 
0.4 1.0 0.8 1.5 

Vanadium 

(V)a 
0.0 0.0 0.0 

2.0 

(2011) 
0.0 0.0 0.0 

0.0 

(all) 
0.0 0.0 0.0 0.0 

Zinc (Zn)a 947.3 1138.9 1212.5 
1907.0 

(2013) 
139.5 152.8 125.4 

3886.0 

(2011) 
2.3 5.0 0.1 1.0 

Other Substances Analyzed 

Boron (B) 77.5 73.8 34.0 
579.0 

(2011) 
33.1 35.5 29.3 

352.0 

(2012) 
0.0 0.0 142.2 227.2 

Calcium (Ca) 2286.3 2140.8 2154.6 
6631.0 

(2011) 
212.1 103.2 36.7 

9834.0 

(2012) 
0.4 1.0 0.5 2.0 

Magnesium 

(Mg) 
166.6 244.2 285.8 

1749.0 

(2013) 
3.7 12.0 4.4 

1946.0 

(2012) 
0.6 4.0 0.0 0.0 

Phosphorus 

(P) 
852.3 985.7 1066.2 

1678.0 

(2013) 
1217.7 399.8 430.7 

141000.0 

(2011) 
56361.9 130800.0 22.8 43.4 
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Participant 1 

VLO Analysis from January 2011 to April 2013 (including non-detectable values) 

Elements 

All values in 

ppm 

Motor Oils (year/sample quantity) 

(2011/83) (2012/65) (2013/23) 

Hydraulic Fluids, Gear Oils, 

Compressor Oils, Transmission Fluids 

(year/sample quantity) 

(2011/183) (2012/224) (2013/67) 

VLO analysis from  

January to April 2013 

Aviation 

7 lubricants 

Coolants 

12 lubricants 
Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 

Average 

2011 

Average 

2012 

Average 

2013 

Maximum 

(year) 
Average Maximum Average Maximum 

Silicon (Si) 7.6 4.8 5.3 
160.0 

(2011) 
4.6 3.1 2.9 

68.0 

(2011) 
0.9 3.0 81.2 126.6 

Sodium (Na) 17.8 7.3 26.8 
389.0 

(2013) 
0.3 0.9 0.6 

30.9 

(2012) 
0.0 2.0 1221.6 3671.3 

Note. More than one CAS number applies to the group of aluminum compounds, to the group of inorganic cadmium compounds, and 

to the group of hexavalent chromium compounds. Lead is CAS number: 7439-92-1. More than one CAS number that applies to the 

group of more than one CAS number that applies to this group of substances. Vanadium pentoxide has the molecular formula V2O5. 
a On the Occupational Safety & Health Administration website list of toxic metals, including heavy metals (OSHA, 2013). 
b On the Canadian Toxic Substances—Schedule 1 (Environment Canada, 2013b). 
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Appendix E: Table Summary of ULO Provincial and Territorial Acts and Regulations 

Province/ 

Territory 
Act 

Regulation/By-Law 

Related to Used Oil 

and Its Contaminated Materials 

British 

Columbia 

Waste Management Act 

(R.S.B.C. 1996, c. 482) 

Return of Used Lubricating Oil Regulation 

(B.C. Reg. 64/92) 

Transport of Dangerous Goods 

Act 

(R.S.B.C. 1996, c. 458) 

Transport of Dangerous Goods Regulation 

(B.C. Reg. 203/85) 

Alberta 

Environmental Protection and 

Enhancement Act 

(R.S.A. 2000, c. E-12) 

Lubricating Oil Material Environmental 

Handling Charge By-Law (Alta. Reg. 

228/2002) 

Lubricating Oil Material Recycling and 

Management By-Law (Alta. Reg. 

227/2002) 

Lubricating Oil Material Recycling and 

Management Regulation (Alta. Reg. 82/97) 

Dangerous Goods 

Transportation and Handling 

Act 

(R.S.A. 2000, c. D-4) 

Dangerous Goods Transportation and 

Handling Regulation (Alta. Reg. 157/97) 

Saskatchewan 

Environmental Management 

and Protection Act 

(R.S.S. 1983-84, c. E-10.2) 

Used Oil Collection Regulations 

(R.R.S., c. E-10.2, r. 8) 

 

Dangerous Goods 

Transportation Act 

(R.S.S. 1984-85-86, c. D-1.2) 

Dangerous Goods Transportation 

Regulations (R.R.S., C. D-1.2, r. 1) 

 

Manitoba 

Waste Reduction and 

Prevention (WRAP) Act (S.M. 

1989-90, c. 60)  

Used Oil, Oil Filters and Containers 

Stewardship Regulation 

(Man. Reg. 86/97) 

Dangerous Goods Handling 

and Transportation Act 

(R.S.M. 1987, c. D12) 

Storage and Handling of Petroleum 

Products and Allied Products Regulation 

(Man. Reg. 188/2001) 
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Province/ 

Territory 
Act 

Regulation/By-Law 

Related to Used Oil 

and Its Contaminated Materials 

Ontario 

Waste Diversion Act, 2002, 

S.O. 2002, c. 6 

Used Oil Material 

(O. Reg. 85/03) 

Environmental Protection Act 

(R.S.O. 1990, c. E.19) 

Prohibition of Waste Oil for Use as a Dust 

Suppressant (Guideline C-14) 

Dangerous Goods 

Transportation Act 

(R.S.O. 1990, c. D.1) 

General Regulation 

(R.R.O. 1990, Reg. 261) 

Québec 

Environment Quality Act 

(R.S.Q., c. Q-2) 

(chapter Q-2, ss. 31, 46, 70.19, 

109.1 and 124.1) 

 (R.S.Q., c. Q-2, s. 31, 1st par., 

subpar. e.1, s. 53.30, 1st par., 

subpars. 1, 2, 6 and 7, s. 70.19, 

1st par., subpars. 14 and 15, 

and s. 109.1) 

Best Practices Guide For the 

Management of End-of-Life 

Vehicles (September 2001) 

Regulation Respecting Hazardous 

Materials (O.C. 1310-97). 

Chapter III, The uses or residual hazardous 

materials for energy generation purposes, 

O.C. 1310-97, s. 14. 

O.C. 1310-97, s. 26. To s. 29 

O.C. 1310-97, Sch. 4. 

O.C. 1310-97, Sch. 6. 

O.C. 1310-97, Sch. 9. 

O.C. 597-2011, s. 48. To s. 53. 

Highway Safety Code 

(R.S.Q., c. C-24.2) 

Transportation of Dangerous Substances 

Regulation (c. C-24.2, r. 4.2) 

New 

Brunswick 

Clean Environment Act 

(R.S.N.B. 1973, c. C-6) 

Used Oil Regulation - Clean Environment 

Act (N.B. Reg. 2002-19) 

Transportation of Dangerous 

Goods Act 

(A.N.B. 1988, c. T-11.01) 

General Regulation - Transportation of 

Dangerous Goods Act 

(N.B. Reg. 89-67) 

Nova Scotia 

Environment Act 

(S.N.S. 1995, c. 1) 

Used Oil Regulations 

(N.S. Reg. 179/96) 

Dangerous Goods 

Transportation Act 

(R.S.N.S. 1989, c. 119) 

Dangerous Goods Transportation 

Regulations 

(N.S. Reg. 105/2002) 
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Province/ 

Territory 
Act 

Regulation/By-Law 

Related to Used Oil 

and Its Contaminated Materials 

Prince-Edward 

Island 

Environmental Protection Act 

(R.S.P.E.I. 1988, c. E-9) 

Used Oil Handling Regulations 

(E.C. 425/92) 

Dangerous Goods 

(Transportation) Act 

(R.S.P.E.I. 1988, c. D-3) 

Dangerous Goods 

(Transportation) Act 

Regulations (E.C. 319/85) 

 

Newfoundland/ 

Labrador 

Environmental Protection Act 

(SNL 2002, c. E-14.2) 

Used Oil Control Regulations (82/02) 

Dangerous Goods 

Transportation Act 

(R.S.N.L. 1990, c. D-1) 

Dangerous Goods Ticket Offenses 

Regulations (C.N.R. 4/96) 

Dangerous Goods Transportation 

Regulations (C.N.R. 5/96) 

Northwest 

Territories 

Environmental Protection Act 

(R.S.N.W.T. 1988, c. E-7) 

Used Oil and Waste Fuel Management 

Regulations (R-064-2003) 

- Plain Language Guide to the Used Oil 

and Waste Fuel Management Regulations - 

11/03 

Guideline for the General Management of 

Hazardous Waste - 2/98 

(C.N.R. 4/96) 

Transportation of Dangerous 

Goods Act, 1990 

(S.N.W.T. 1990, c. 36) 

Transportation of Dangerous Goods 

Regulations, R-049-2002 

 

Yukon 

Environmental Act 

(R.S.Y. 2002, c. 76) 

 

Dangerous Goods 

Transportation Act 

(R.S.Y. 2002, c. 50) 

General (O.I.C. 1986/118) 

Multiple Collection Regulations 

(O.I.C. 1995/49) 

Nunavut 

Nunavut Act 

(S.C. 1993, c. 28) 

Refer to the Northwest Territories section 

for environmental legislation 

Guideline: Used oil and waste fuel (2012) 
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Appendix F: Physical-chemical Properties of Carcinogenic Polyaromatic Hydrocarbons (cPAHs) 

Chemical 

Compounda 

/CAS Number 

Molecular 

Formulab 

/Weightc 

(g/mol) 

Structured 

/Number of 

Rings 

Log Kowe 

Log Koc 

Water (Aqueous) 

Solubility 

At 25°C (mg/L)f 

IARC Classifications 

“Carcinogenicity”g 

Benzo[a]pyrene 

50-32-8 

C20H12 

252.32  
5 

6.06 

6.74 

0.0038 (CEPA, 1994) 

0.0016 (CCME, 2008, 

2010) 

0.023 (Toronto Public 

Health, XXXX) 

Group 2a: Probably carcinogenic 

to humans 

Benz[a]anthracene 

56-55-3 

C18H12 

228.29  
4 

5.61 

5.30 

0.0057 (CEPA, 1994) 

0.0094 (CCME, 2008, 

2010) 

Group 2a: Probably carcinogenic 

to humans 

Benzo[b]fluoranthene 

205-99-2 

C20H12 

252.32  
5 

6.04 

5.74 

0.014 (CEPA, 1994) 

0.0015 (CCME, 2008, 

2010) 

0.0012 (Toronto Public 

Health, XXX) 

Group 2b: Possibly carcinogenic to 

humans 

Benzo[k]fluoranthene 

207-08-9 

C20H12 

252.32  
5 

6.06 

5.74 

0.0043 (CEPA, 1994) 

0.0008 (CCME, 2008, 

2010) 

Group 2b: Possibly carcinogenic to 

humans 

Benzo[j]fluoranthene 

205-82-3 

C20H12 

252.31  
5 

6.12 

4.7-4.8 

0.0068 (CCME, 2008, 

2010) 

Group 2b: Possibly carcinogenic to 

humans 

Dibenz[a,h]anthracene 

53-70-3 

C22H14 

278.35  
5 

6.84 

6.52 

0.00249 (CCME, 2008 

and 2010) 

0.0005 (Toronto Public 

Health, XXXX) 

Group 2a: Probably carcinogenic 

to humans 
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Chemical 

Compounda 

/CAS Number 

Molecular 

Formulab 

/Weightc 

(g/mol) 

Structured 

/Number of 

Rings 

Log Kowe 

Log Koc 

Water (Aqueous) 

Solubility 

At 25°C (mg/L)f 

IARC Classifications 

“Carcinogenicity”g 

Indeno[1,2,3-cd]pyrene 

193-39-5 

C22H12 

276.33  
6 

6.58 

6.20 

0.062 (Toronto Public 

Health, XXXX 

0.00053 (CEPA, 1994) 

0.000022 (CCME, 2008, 

2010) 

Group 2b: Possibly carcinogenic to 

humans 

Chrysene 

218-01-9 

C18H12 

228.28  
4 

5.16 

5.30 

0.002 to 0.0063 

(CCME, 2008) 

Group 3: Not classifiable as to 

carcinogenic potential due to 

limited or inadequate data. 

Benzo[g,h,i]perylene 

191-24-2 

C22H12 

276.33  
6 

6.50 

6.20 

0.000026 

(CCME, 2008) 

(Insoluble) 

Group 3: Not classifiable as to 

carcinogenic potential due to 

limited or inadequate data. 

Naphthalene 

91-20-3 
C10H8 

128.19 
 

2 

3.29 

2.97 

31.7 (ATSDR, 2013) 

12.5 to 34.0 

(BC Government, 

1993) 

Group 2b: Possibly carcinogenic 

to humans 

Pyrene 

129-00-0 
C16H10 

202.26 
 

4 

4.88 

4.58 

0.134 (BC 

Government, 1993) 

Group 3: Not classifiable as to 

carcinogenic potential due to 

limited or inadequate data. 

Fluoranthene 

206-44-0 
C16H10 

202.26  
3 

4.90 

4.58 

0.20 to 0.265 

(Toronto Public 

Health) 

Group 3: Not classifiable as to 

carcinogenic potential due to 

limited or inadequate data. 

Phenanthrene 

85-01-8 
C14H10 

178.23  
3 

4.46 

4.15 

0.435 (BC 

Government, 1993) 

Group 3: Not classifiable as to 

carcinogenic potential due to 

limited or inadequate data. 
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Note. ATSDR = Agency for Toxic Substances and Disease Registry; BC = British Columbia; CAS= Chemical Abstracts Service; 

CCME = Canadian Council of Ministers of the Environment; Koc = soil organic carbon-water partitioning coefficient; Kow = water 

partition coefficient. 
a CCME. (2008). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHS) 

(Environmental and Human Health): Scientific Supporting Document [PN 1401 -ISBN 978-1-896997-79-7 PDF] 

CCME. (2010). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHs) 

(Environmental and Human Health) - Scientific Criteria Document [PN 1445 -ISBN 978-1-896997-94-0 PDF] 

CEPA. (1994). Priority Substance List Assessment Report -Polycyclic Aromatic Hydrocarbons. 
b CCME. (2008). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHS) 

(Environmental and Human Health) - Scientific Supporting Document [PN 1401 -ISBN 978-1-896997-79-7 PDF] 

CCME. (2010). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHs) 

(Environmental and Human Health) - Scientific Criteria Document [PN 1445 -ISBN 978-1-896997-94-0 PDF] 
c CEPA. (1994). Priority Substance List Assessment Report -Polycyclic Aromatic Hydrocarbons. 
d CCME. (2010). USEPA (2007). Kow: Log octanol/water partition coefficient and Koc: Log for organic carbon-water partition co-

efficient. Retrieved from http://www.epa.gov/ttnatw01/hlthef/naphthal.html 
e CCME. (2008). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHS) 

(Environmental and Human Health) - Scientific Supporting Document [PN 1401 -ISBN 978-1-896997-79-7 PDF] 

CCME. (2010). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHs) 

(Environmental and Human Health) - Scientific Criteria Document [PN 1445 -ISBN 978-1-896997-94-0 PDF] CEPA (1994), 

Priority Substance List Assessment Report -Polycyclic Aromatic Hydrocarbons. 
f CCME. (2008). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHS) 

(Environmental and Human Health) - Scientific Supporting Document [PN 1401 -ISBN 978-1-896997-79-7 PDF] 

CCME. (2010). Canadian Soil Quality Guidelines: Carcinogenic and other polycyclic aromatic hydrocarbons (PAHs) 

(Environmental and Human Health) - Scientific Criteria Document [PN 1445 -ISBN 978-1-896997-94-0 PDF] 
g International Agency for Research on Cancer. (2002). International Agency for Research on Cancer: Summaries & Evaluations. 

Retrieved from http://www.inchem.org/documents/iarc/vol82/82-06.html 

ALS Environmental. (2013). Benzo(g,h,i)perylene. Retrieved from http://www.caslab.com/Benzog_h_iperylene.php5 

“The role of individual cancers in reduced fecundity or survivorship of wildlife or domestic animals is not clear. For animal ecological 

receptors, cancer-type endpoints are of very doubtful ecological relevance, but may nonetheless be of strong interest to some members 

of the Canadian public in the context of ecological indicators” (CCME, 2010b, p. 3). 
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Appendix G: Canadian Quality Guidelines, Polycyclic Aromatic Hydrocarbons 

Note. ISQG= interim sediment quality guidelines; MAC = maximum allowable concentration; PAH = polycyclic aromatic 

hydrocarbons; SQG = Soil Quality Guideline; SQGE = soil quality guideline for environmental health; WQG = water quality 

guidelines. Dashes without specific notes indicate that data was not obtained. 
a The most critical threshold limit concentration MAC (maximum allowable concentration) for PAHs is for drinking water quality 

guideline. 
b PAHs with the smallest threshold concentrations, associated with WQG and SQGE for the protection of aquatic life. 

PAHs 

Concentration: 

ppm 

Drinking 

Water 

Quality 

MACd 

SQGE to 

Protect 

Drinking Water 

Guidelines 

(same for all 

land use) 

SQGE = Interim SQG criteria for: WQG and SQGE 

for the Protection 

of Aquatic Life: 

Long Term Only 

(Fresh water)g 

Sediment Quality 

Guidelines for 

Protection of 

Aquatic life in Fresh 

Water for ISQGh 

Agricultural, 

Residential and 

Parkland Sitese 

Commercial and 

Industrial Sitesf 

Benzo(a)pyreneac 0.00001 0.37 
Provisional:  

0.7–0.7 

Provisional: 

1.4 
Interim:0.000015 0.0319 

Benz(a)anthraceneb — 0.33 0.1–1 10 Interim:0.000018 0.0317 

Benzo[b]fluoranthenec — 0.16 0.1–1 10 — — 

Benzo[k]fluoranthenec — 0.034 0.1–1 10 — — 

Dibenz[a,h]anthracene — 0.23 0.1–1 10 — 
Provisional: 

0.00622 

Indeno[1,2,3-cd]pyrenec — 2.7 0.1–1 10 — — 

Chrysene — 2.1 — — —j 0.0571 

Benzo[j]fluoranthenec — 0.16 —i —i — — 

Benzo[g,h,i]perylene — 6.8 — — — — 

Anthraceneb — — — — Interim:0.000012 Provisional: 0.0469 

Naphthalene — — 
Provisional: 

0.6–0.6 

Provisional: 

22 
Interim:0.0011 

Provisional: 

0.0346 

Pyreneb — — 0.1–10 100 Interim:0.000025 0.053 

Fluorantheneb — — No value No value Interim:0.00004 0.111 

Phenanthrene — — 0.1–5 50 Interim:0.0004 0.0419 
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c These PAHs “are entering the environment in a quantity or concentration or under conditions that may have harmful effects on the 

environment, and may constitute a danger in Canada to human life or health” (CCME, 2010b, p. 4). 
d SQGE to protect drinking water guidelines (same for all land use). For more information see 

http://waterquality.ec.gc.ca/waterqualityweb/guidelines.aspx?catId=2 
e SQGE for agricultural and residential and parkland sites. The SQGE is based on the lowest of the available environmental health 

guidelines (soil contact, soil and food ingestion, or protection of freshwater life). For PAHs where a soil contact guideline was not -

available, an overall SQGE was not calculated. Nonhuman environment: environmental soil quality guidelines (SQGE) for 

agricultural and residential-parkland sites. The SQGE is based on the soil contact guideline value. 
f SQGE for commercial and industrial sites. 
g WQG and SQGE for the Protection of Aquatic Life: long term only. 
g Sediment Quality Guidelines for the Protection of Aquatic life in fresh water for ISQG. 
h Human health—soil quality guidelines for the protection of potable water were derived for individual PAHs. 
i These dashes indicate that data was not calculated. 
j These dashes indicate that there was insufficient data. 

http://waterquality.ec.gc.ca/waterqualityweb/guidelines.aspx?catId=2
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Appendix H: Canadian Guidelines: Element Concentrations in Parts per Million (ppm) 

Elements 

Drinking 

Water 

Quality 

MAC 

Soil Quality Guidelines 

for the Protection of Environmental and Human 

Health 

WQG for the 

Protection of 

Aquatic Life: 

Short and/or Long 

Term 

Sediment Quality 

Guidelines for 

Protection of Aquatic 

Life in Fresh Water for 

ISQG and PEL Agricultural 
Residential

/Parkland 
Commercial Industrial 

Elements Considered Ecotoxic in ULO (ppm) 

Barium (Ba) 1.0 750 500 2000 2000 
Short term: no data 

— 
Long term: no data 

Cadmium (Cd) 0.0005 1.4 10 22 22 
Equation = 

 

ISQG: 0.6 

PEL: 3.5 

Chromium (Cr) 0.05 64 64 87 87 
Short term: no data 37.3 

Long term: no data 90.0 

Copper (Cu) 

aesthetic 

objectives: 

≤ 1.0 

63 63 91 91 Short term: no data 35.7 

Lead (Pb) 0.01 70 140 260 600 

Short term: no data 
197.0 

35.0 

Equation  

or 0.001 
91.3 

Molybdenum 

(Mo) 
—a 5 10 40 40 

Short term: no data 
— 

0.073 

Nickel (Ni) —a 50 50 50 50 
Equation 

or 0.025 
— 

Vanadium (V) —a 130 130 130 130 — — 

http://st-ts.ccme.ca/?lang=en&factsheet=61#sediment_fresh_concentration_isqg
http://st-ts.ccme.ca/?lang=en&factsheet=61#sediment_fresh_concentration_pel
http://st-ts.ccme.ca/?lang=en&factsheet=71#sediment_fresh_concentration_isqg
http://st-ts.ccme.ca/?lang=en&factsheet=71#sediment_fresh_concentration_pel
http://st-ts.ccme.ca/?lang=en&factsheet=124#sediment_fresh_concentration_isqg
http://st-ts.ccme.ca/?lang=en&factsheet=124#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=124#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=124#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=124#sediment_fresh_concentration_pel
http://st-ts.ccme.ca/?lang=en&factsheet=138#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=139#aql_fresh_concentration
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Elements 

Drinking 

Water 

Quality 

MAC 

Soil Quality Guidelines 

for the Protection of Environmental and Human 

Health 

WQG for the 

Protection of 

Aquatic Life: 

Short and/or Long 

Term 

Sediment Quality 

Guidelines for 

Protection of Aquatic 

Life in Fresh Water for 

ISQG and PEL Agricultural 
Residential

/Parkland 
Commercial Industrial 

Zinc (Zn) 

aesthetic 

objectives: 

≤ 5.0 

200 200 360 360 
Short term: no data 123.0 

0.03 315.0 

Other Substances (from ULO laboratory analysis) to Consider 

Aluminum (Al) 

Operational 

guidance 

< 0.1 

— — — — 

— 

— Variable 

0.0005 if pH < 6.5 

0.1 if pH ≥ 6.5 

Antimony (Sb) 0.006 20 20 40 40 Short term: no data — 

Boron (B) 5 2 — — — 
Short term: 29 

— 
Long term 1.5 

Calcium (Ca) 
None 

required 
— — — — 

— 
— 

— 

Iron (Fe) 

aesthetic 

objectives: 

≤ 0.3 

— — — — 

— 

— 
0.3 

Magnesium 

(Mg) 

None 

required 
—a —a —a —a —a —a 

Manganese (Mn) 

aesthetic 

objectives: 

≤ 0.05 

— — — — — — 

http://st-ts.ccme.ca/?lang=en&factsheet=229#sediment_fresh_concentration_isqg
http://st-ts.ccme.ca/?lang=en&factsheet=229#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=229#sediment_fresh_concentration_pel
http://st-ts.ccme.ca/?lang=en&factsheet=4#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=123#aql_fresh_concentration
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Elements 

Drinking 

Water 

Quality 

MAC 

Soil Quality Guidelines 

for the Protection of Environmental and Human 

Health 

WQG for the 

Protection of 

Aquatic Life: 

Short and/or Long 

Term 

Sediment Quality 

Guidelines for 

Protection of Aquatic 

Life in Fresh Water for 

ISQG and PEL Agricultural 
Residential

/Parkland 
Commercial Industrial 

Phosphorus (P) —a — — — — 

— 

— Guidance 

Framework 

Potassium (K) —a —a —a —a —a —a —a 

Silicon (Si) —a —a —a —a —a —a —a 

Silver (Ag) Not required 20 20 40 40 Long term: 0.0001 — 

Sodium (Na) 

aesthetic 

objectives: 

≤ 200 

—a —a —a —a —a —a 

Sulfate 

Aesthetic 

objectives: 

≤ 0.05 

Livestock 

1,000,000 
— — — — — 

Sulfur (S) 

(elemental) 
—a 500 — — — — — 

Tin (Sn) —a 5 50 300 300 
Short term: no data 

— 
Long term: no data 

Titanium (Ti) —a —a —a —a —a —a — 

Note. The water quality for the protection of agriculture is not included as it is not pertinent to the construction sites. Dashes represent 

elements with no data for concentrations. ISQG = Canadian interim sediment quality guidelines; MAC = maximum allowable 

concentration; PEL = probable effect levels; ULO = used lubricant oil; WQG = water quality guidelines. Information for this table 

came from the Guidelines for Canadian Drinking Water Quality: Summary Table, by Health Canada (2012) and the other guidelines 

are from the Canadian Environmental Quality Guidelines (CCME, 2013). 
a This dash indicates that data did not exist in the guidelines. 

http://st-ts.ccme.ca/?lang=en&factsheet=167#aql_fresh_concentration
http://st-ts.ccme.ca/?lang=en&factsheet=167#aql_fresh_concentration
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Appendix I: Comparison between Bio for Biodegradable and Toxic, and Bio for Bio-Sourced, Biodegradable and Non-Toxic 

Note. Bio-lubricants are often mistaken from their biodegradability properties. Bio-sourced lubricant is the “bio” costumer needs when 

buying bio-lubricants. This figure shows this reality. In the circle, the grey zone represent the “fossil carbon” detected in the lubricant, 

as the green zone, the “new carbon” sequester from the environment. 


