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Synopsis 
 
 
 
Under the Canadian Environmental Protection Act, 1999 (CEPA 1999), the Ministers of the 
Environment and of Health have conducted a screening assessment of Phenol, 2-methyl-4,6-
dinitro-, also known as 4,6-dinitro-o-cresol (DNOC), Chemical Abstracts Service Registry 
Number 534-52-1, which was selected as one of 123 substances on the Domestic Substances List 
for a pilot project for screening assessments. 
 
DNOC is used predominantly in the plastics industry as an inhibitor of polymerization in styrene 
and vinyl products. Results from a section 71 Notice with Respect to Certain Substances on the 
Domestic Substances List (DSL) conducted for the year 2000 indicated that, although DNOC was 
not manufactured in Canada, 100 to 1000 tonnes were imported at that time. DNOC is included 
in the National Pollutant Release Inventory (NPRI), and facilities manufacturing, importing or 
otherwise using more than 10 tonnes per year of the substance must report their releases. The one 
company that reported to the NPRI for the years 1994 to 2002 ceased use of DNOC in late 2002. 
There have been no reports to the NPRI for this substance since 2003. 
 
DNOC was detected in surface water and sewage sludges but not in sediment in Canada in the 
early 1980s. No more recent monitoring data for these media were identified. DNOC was not 
detected in rural, urban or agriculture soil from various locations across Canada. No Canadian air 
or groundwater monitoring data were identified.   
 
It is believed that industrial uses of DNOC could result in releases of the substance to surface 
waters. A conservative scenario developed to account for potential releases from industrial 
process losses indicated a low potential for risk to aquatic organisms. 
 
Scientific studies have shown that DNOC may form in air by reaction with reactive species such 
as OH and NO radicals, although the extent and mechanisms of formation are not well 
understood at present. A conservative scenario based on concentrations of DNOC in 
precipitation that could be expected to enter Canadian receiving water indicated that the potential 
for risk to aquatic organisms from this source is low. 
 
Toxicity data for DNOC are available for microorganisms, bacteria and mammals, and for 
aquatic and terrestrial plants, invertebrates and vertebrates. No data on toxicity were identified 
for amphibians or marine organisms. 
 
DNOC is persistent in water and air but is not bioaccumulative. The substance therefore meets 
the persistence criterion but does not meet the bioaccumulation criterion set out in the 
Persistence and Bioaccumulation Regulations. Modelling indicates that it is not likely to be 
transported over very long distances, and a decreasing concentration with increasing latitude is 
expected.   
 
Based on available information, it is concluded that DNOC is not entering the environment in a 
quantity or concentration or under conditions that have or may have an immediate or long-term 
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effect on the environment or its biological diversity or that constitute or may constitute a danger 
to the environment on which life depends. Therefore, it is concluded that DNOC does not meet 
criteria set out in paragraphs 64(a) and 64(b) of the Canadian Environmental Protection Act, 
1999. 
 
Sources of human exposure to DNOC in Canada are likely to be limited to fugitive releases from 
industrial sites and the combustion of fossil fuels. There is no indication that DNOC is present in 
consumer products.  
 
Comparison of a conservatively selected lowest effect level (i.e., 2.5 mg/kg-bw per day) for 
slight changes in biochemical parameters in a 90-day study in rats to the highest of the upper 
bounding estimates of exposure for all age groups in the population (i.e., 0.06 μg/kg-bw per day) 
for the 0- to 6-month (formula-fed) age group resulted in a margin of exposure of approximately 
41 700. In light of the moderate to high confidence in the databases on exposure and effects upon 
which this assessment is based, this margin is considered adequate to address elements of 
uncertainty associated with limitations of the database for health effects and population exposure 
and intraspecies and interspecies variations in sensitivity, as well as the biological adversity or 
severity of the effects deemed critical.  
 
The outcome of this screening health assessment is that DNOC does not meet the criterion set 
out in paragraph 64(c) of CEPA 1999—i.e., it is not entering the environment in a quantity or 
concentration or under conditions that constitute or may constitute a danger in Canada to human 
life or health. This determination is based on the adequacy of the sufficiently health-protective 
margin between a conservatively selected lowest effect level and upper-bounding estimates of 
exposure of individuals in the general population.   
 
Based on the information available for environmental and human health considerations, it is 
concluded that DNOC does not meet any of the criteria set out in section 64 of the Canadian 
Environmental Protection Act, 1999. 
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Introduction 

 
This screening assessment report was conducted pursuant to section 74 of the Canadian 
Environmental Protection Act, 1999 (CEPA 1999). This section of the Act requires that the 
Ministers of the Environment and of Health conduct screening assessments of substances that 
satisfy the categorization criteria set out in section 73 of the Act in order to determine of they 
meet or may meet the criteria set out in section 64 of the Act. 
 
Screening assessments focus on information critical to determining whether a substance meets 
the criteria for defining a chemical as toxic as set out in section 64 of CEPA 1999 (Canada 
1999). Screening assessments examine scientific information and develop conclusions by 
incorporating a weight-of-evidence approach and precaution.   
 
A screening assessment was undertaken on Phenol, 2-methyl-4,6-dinitro-, also known as 4,6-
dinitro-o-cresol (DNOC; CAS RN 534-52-1), on the basis that this compound was included in 
the Domestic Substances List (DSL) pilot project for screening assessment as a substance likely 
to be prioritized because it met the criteria for persistence and/or bioaccumulation and inherent 
toxicity to non-human organisms and as a substance likely to be prioritized on the basis of 
greatest potential for human exposure. 
 
Owing to the chemical nature of DNOC, it readily forms water-soluble sodium, potassium and 
ammonium salts, and virtually 100% of dissolved DNOC will be in the ionized form at 
environmentally relevant pHs (pH 6–8). Based on this information, Environment Canada 
reviewed the use of DNOC salts to determine if they should also be included in this screening 
assessment. The sodium, potassium and ammonium salts of DNOC are not on the Domestic 
Substances List (DSL), although DNOC sodium salt is on the Non-Domestic Substances List 
(NDSL). If a company were intending to manufacture or import these substances, they would be 
considered to be new to Canada and subject to notification under the New Substances 
Notification Regulations (Chemicals and Polymers). Therefore, although the screening 
assessment focused on the uses of DNOC, a review of the fate and effects of its salts was also 
carried out. 
 
This screening assessment includes consideration of information on chemical properties, hazards, 
uses and exposure. Data relevant to the screening assessment of this substance were identified in 
original literature, review and assessment documents, stakeholder research reports and from 
recent literature searches, up to August 2004 for ecological sections of the document and June 
2003 for human health sections of the document. In addition, an industry survey was conducted 
in 2000 through a Canada Gazette notice issued under authority of section 71 of CEPA 1999.  

 
The screening assessment report does not present an exhaustive or critical review of all available 
data. Rather, it presents the critical studies and lines of evidence pertinent the conclusion. One 
line of evidence includes consideration of risk quotients to identify potential for ecological 
effects. However, other concerns that affect current or potential risk, such as persistence, 
bioaccumulation, chemical transformation and trends in ambient concentrations, are also 
considered.  
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Evaluation of risk to human health involves consideration of data relevant to estimation of 
exposure (non-occupational) of the general population, as well as information on health hazards. 
Decisions for human health are based on the nature of the critical effect and/or margins between 
conservative effect levels and estimates of exposure, taking into account confidence in the 
completeness of the identified databases on both exposure and effects, within a screening 
context. The screening assessment does not represent an exhaustive or critical review of all 
available data. Rather, it presents a summary of the critical information upon which the 
conclusion is based. 
 
This screening assessment was prepared by staff in the Existing Substances programs at Health 
Canada and Environment Canada. The substance matter in this report pertaining to ecological 
aspects has been subjected to external review. The report for a Screening Health Assessment was 
reviewed externally by V.C. Armstrong (Consultant) and staff of Toxicology Advice and 
Consulting Limited. While external comments were taken into consideration, the final content 
and outcome of the screening risk assessment remain the responsibility of Health Canada and 
Environment Canada. Additionally, the draft of this screening assessment was subject to a 60-
day public comment period from June 23, 2007, to August 22, 2007. The State of the Science 
Report for a Screening Health Assessment has been posted on the Health Canada website since 
January 30, 2006, and the draft ecological screening assessment report on 4,6-dinitro-o-cresol 
(DNOC) has been posted on the Environment Canada website since July 2006.   
 
Information on ecological and human health screening assessments under CEPA 1999 may be 
linked from the CEPA Registry at www.ec.gc.ca/ceparegistry. 
 
The critical information and considerations upon which the assessment is based are summarized 
below. 
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Substance Identity 
 
Substance name 
For the purposes of this document, this substance will be referred to as DNOC, a common name 
for this substance.  
 
Table 1. Substance identity for DNOC  
Chemical Abstracts 
Service Registry Number 
(CAS RN)  

534-52-1 

DSL name Phenol, 2-methyl-4,6-dinitro- 

National Chemical 
Inventories (NCI) 
names1  

Phenol, 2-methyl-4,6-dinitro- (TSCA, AICS, PICCS, ASIA-PAC, 
NZIoC) 
2-methyl-4,6-dinitro-phenol (EINECS) 
4,6-dinitro-o-cresol (ENCS) 
2,2'-methylene-bis-(4-methyl-6-tert-butylphenol) (PICCS)  

Other names  
2,4-dinitro-6-methylphenol; 3,5-dinitro-2-hydroxytoluene; 4,6-
dinitro-2-methylphenol; 6-methyl-2,4-dinitrophenol; Antinonin; 
Antinonnin; Arborol; Degrassan; Dekrysil; Detal; Dillex; Dinitro; 
Dinitro-o-cresol; Dinitrocresol; Dinitrodendtroxal  

Chemical group  
(DSL Stream) Discrete organics 

Major chemical class or 
use Phenols 

Major chemical sub-class  Aromatic phenols 
Chemical formula2 C7H6N2O5 

Chemical structure 

 
SMILES3  [O-][N+](=O)c1cc([N+]([O-])=O)cc(c1O)C 
Molecular mass2 198.1348 g/mol 
 

1 National Chemical Inventories (NCI). 2006: AICS (Australian Inventory of Chemical Substances); ASIA-PAC (Asia-Pacific Substances 
Lists); EINECS (European Inventory of Existing Commercial Chemical Substances); ENCS (Japanese Existing and New Chemical 
Substances); NZIoC (New Zealand Inventory of Chemicals); PICCS (Philippine Inventory of Chemicals and Chemical Substances); and 
TSCA (Toxic Substances Control Act Chemical Substance Inventory). 

2 ChemFinder (2003). 
3. \Simplified Molecular Line Input Entry System. 
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Physical and Chemical Properties 

 
Experimental and modelled data are available for DNOC.  
 
Table 2 summarizes data on experimental physical and chemical properties of DNOC that are 
relevant to its environmental fate.  
 
Table 2. Summarized experimental physical and chemical properties for the neutral form 
of DNOC 

Property Value Temperature 
(°C) 

Reference 
 

Physical 
characteristics Yellow, crystalline solid, odourless  HSDB 2000; 

IPCS 2000 

Melting point 
(ºC) 

85.8–87.5 
  

PhysProp 2003; 
Verschueren 
2001; NLM 2000; 
IPCS 2000 

Boiling point 
(ºC) 

220–378 
  

PhysProp 2003; 
Verschueren 
2001; NLM 2000; 
IPCS 2000 

Density 
(kg/m3) 1.58 20 

HSDB 2003; 
NLM 2000; IPCS 
2000 

Vapour pressure 
(Pa) 

1.6 × 10−2 – 4.79 × 10−2 
 

20–35 
 

HSDB 2003; 
ATSDR 1995; 
IPCS 2000 

Henry’s Law 
constant 
(Pa·m3/mol) 

2.490 × 10-2 – 1.4 × 10−1 25 
HSDB 2003; 
NLM 2000; IPCS 
2000 

Log Kow  
(Octanol-water 
partition 
coefficient) 
(dimensionless) 

2.12 (neutral species) – 2.564 (neutral 
species); 1.78 at pH 4; 0.087 at pH 7; 1.32 
at pH 10 

 

HSDB 2003; 
NLM 2000; IPCS 
2000; 
Schwarzenbach et 
al. 1988; 
UNEP/FAO 2002 
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Log Koc 
(Organic carbon-
water partition 
coefficient) 
(dimensionless) 

2.35–2.77; 1.3 (DNOC Na salt)  IPCS 2000 

1000–198;  15–20 

ChemFinder 
2003; 
Schwarzenbach et 
al. 1988 

21.3–3300 (pH 4–10)  UNEP/FAO 2002 

Water solubility  
(mg/L) 

100 000 (DNOC Na salt)  Vogue et al. 1994 

4.3/100 (ethanol)   

100/100 (acetone)   
Other solubilities 
(g/g) 

37/100 (benzene)   

pKa  
(Acid dissociation 
constant) 
(dimensionless) 

4.32  PALLAS (v. 4.0) 

Conversion factor 1 ppm = 8.10 mg/m3  NLM 2000; IPCS 
2000 
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Sources 
 
 
DNOC occurs in the environment primarily as a result of human activity, whether through direct 
release or through secondary transformation of atmospheric pollutants. It may form in the 
atmosphere following the reaction of 2-methylphenol with NOx present in ambient air (ATSDR 
1995). DNOC may also form in the atmosphere during the combustion of fossil fuels or as a 
result of photochemical reactions between precursor compounds (e.g., benzene, toluene) and 
hydroxyl radicals and nitrogen oxides (Tremp et al. 1993). 
 
An industry survey was conducted by Environment Canada for the year 2000 (Environment 
Canada 2003a). Under section 71 of CEPA 1999, the Notice with Respect to Certain Substances 
on the Domestic Substances List (DSL) applied to any person who, during the 2000 calendar 
year, manufactured or imported DNOC, whether alone or in a mixture or in a product, in a total 
quantity greater than 10 000 kg. The survey results indicated that DNOC is not manufactured in 
Canada; however, between 100 and 1000 tonnes of DNOC were imported in 2000 by a single 
company (Environment Canada 2003a). Information received more recently indicates that the 
only company that had reported using DNOC in response to the section 71 notice ceased use of 
DNOC as of late 2002 (NOVA Chemicals Corporation 2007). 
 
Two Canadian companies reported manufacture or import of DNOC in 1986, with amounts in 
the range of 100 to 1000 tonnes (Environment Canada 1990).  
 

Uses    
 
Historically, DNOC was used in Canada as an antioxidant, corrosion inhibitor, tarnish inhibitor 
and antiscaling agent, for a total of 99.9% of the Canadian market (Environment Canada 1990). 
Globally, the principal uses of DNOC are in the plastics industry as an inhibitor of 
polymerization in styrene and aromatic vinyl products; it is also used as an intermediate in the 
synthesis of fungicides, dyes and pharmaceuticals (IPCS 2000; UNEP/FAO 2002). Sources of 
exposure in the general environment are likely to be limited to fugitive releases from industrial 
sites and the combustion of fossil fuels. There is no indication that DNOC is present in consumer 
products. 
 
DNOC was registered as an active ingredient in ten pesticides in Canada. Registration of the last 
two products that contained this active ingredient expired on December 31, 1990 (PMRA 2009). 
Three of the DNOC salts (sodium, ammonium and potassium) have been used as pesticides 
internationally but were never registered under the PCPA in Canada.  
 
 

Releases to the Environment 
 
 
Only one company reported releases of DNOC to the National Pollutant Release Inventory 
(NPRI) (Environment Canada 2003b). The facility, NOVA Chemicals, located in Sarnia, 
Ontario, reported only off-site transfers and no releases to water, air or soil. The company states 
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that all process water from its facility is collected, analyzed and sent to another facility for 
treatment in a biological oxidation unit, and that other quantities of waste DNOC would have 
been incinerated or sent for disposal. As such, NOVA Chemicals reports that there were no 
releases of DNOC to water from its facility (NOVA Chemicals Corporation 2007). Information 
about releases was requested in the survey conducted pursuant to section 71 of CEPA 1999, but 
no releases were reported (Canada 2001). 
 
As indicated above, the use of DNOC by the NOVA Chemicals Corporation facility ceased as of 
late 2002 (NOVA Chemicals Corporation 2007). No facilities have reported to the NPRI for 
DNOC since 2003. 

 
Environmental Fate     

 
Environmental fate analysis combines information on the chemical behaviour of the substance 
with the properties of the receiving environment. The objective of fate analysis is to determine 
the multimedia distribution of the substance after its release into the environment. This includes 
consideration of the persistence and bioaccumulation of the substance in the environment. 
 
The results of Level III fugacity modelling (EQC 2003) indicate that, if the chemical is released 
into water, the majority of DNOC would remain in water with a minor amount partitioning to 
sediments and less than one percent to air and soil (Table 3). With emissions solely to air, the 
majority of DNOC would partition to air, soil and water, with a negligible amount adsorbing to 
sediment. If DNOC were to be released equally to all three major environmental compartments 
(air, water, and soil), it would mainly partition to water and soil, with some DNOC partitioning 
to air.   

 
Table 3. Results of the Level III fugacity modelling (EQC 2003) 

 Percentage of substance partitioning into each compartment 
Substance released to: Air Water Soil Sediment 
Air (100%) 47.7 20.1 32.0 0.212 
Water (100%) 0.04 98.9 1.04 0.02 
Soil (100%) 0.04 1.93 98.0 0.02 
Air, water, soil (33% each) 6.65 63.3 29.3 0.66 
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Persistence and Bioaccumulation Potential 
 
The information below was considered in evaluating whether DNOC meets the criteria for 
persistence and bioaccumulation as defined under the Persistence and Bioaccumulation 
Regulations under CEPA 1999 (Canada 2000). Persistence criteria are half-lives of greater than 
or equal to 2, 182, 365 and 182 days for air, water, sediment and soil, respectively. 
Bioaccumulation criteria are bioaccumulation factors (BAFs) or bioconcentration factors (BCFs) 
of greater than or equal to 5000 or a log Kow of greater than or equal to 5.0. 
 
Environmental Persistence 
 
When DNOC is released to the environment, measured data demonstrate that DNOC will persist 
in air with an atmospheric oxidation half-life of 129 days (Table 4a). Predicted values indicate 
that photoxidation half-lives range from 8 hours to 53 days (Table 4b).  
 
Empirical and predicted half-lives of 7, 37.5 and 58 days indicate that DNOC is expected to 
biodegrade in surface water, but at a relatively slow rate. The substance was reported to be 
difficult to degrade in activated sludge (< 20% degradation under aerobic conditions) (Tables 4a 
and 4b).  
 
DNOC is expected to disappear from soil within 14 hours to 2 months (Callahan et al. 1979). 
DNOC is not expected to volatilize from dry or moist soils, based on its vapour pressure of 1.6 – 
4.79 x 10-2 Pa (Table 2). After an 80-day lag period, DNOC rapidly degraded at a rate of 2.1 
μg/L/day in groundwater and sediment (Table 4a). 
 
Table 4a. Empirical data for degradation of DNOC  

Medium Fate process Degradation 
value 

Degradation 
endpoint / units Reference 

Air Photoxidation 129 Half-life (days) 
Howard et al. 
1991; Atkinson 
1987 

Water Biodegradation 7–58 Half-life (days) 

Capel and 
Larson 1995; 
Mabey et al. 
1981; IPCS 
2000 

Soil Biodegradation 14 hours to  
< 2 months  Callahan et al. 

1979 

Waste water  Biodegradation < 20% 28 days Zahn and 
Wellens 1980 

Sediment Biodegradation 2.1 μg/L/day Tuxen et al. 
2000 
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Table 4b. Modelled data for degradation of DNOC  

Fate process Model and Model 
Basis 

Model Result and 
Prediction 

Extrapolated Half-
life (days or hours) 

    
Atmospheric 
oxidation AOPWIN 2000  t½ = 35-53 days >2 days 

Ozone reaction AOPWIN v. 2000  Half-life (days) Not reactive  

Biodegradation 

BIOWIN 2000, 
Sub-model 3: 
Expert Survey 
(ultimate 
biodegradation)  

2.4  
“biodegrades fast” 
Half-life (days) 

<182 

Biodegradation 
BIOWIN 2000 Sub-
model 6: MITI non-
linear probability 

0.0009 >182 

  
The empirical and modelled data (tables 4a and 4b) demonstrate that DNOC meets the 
persistence criteria for air (half-life in air > 2 days) and water (indicated by a degradation rate of 
less than 20% within the 28-day test period) (Zahn and Wellens 1980). 
 
Potential for Bioaccumulation 
 
A bioaccumulation factor of 25 was estimated by Gobas and Arnot (2003) for DNOC. This is 
significantly lower than the bioaccumulation criteria of BAF or BCF greater than 5000 as laid 
out in the Persistence and Bioaccumulation Regulations (Canada 2000). 
 
Based on the criteria in the Persistence and Bioaccumulation Regulations (Canada 2000), DNOC 
is persistent in air and water and is not bioaccumulative. 
 
 

Potential to Cause Ecological Harm 
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A scenario was developed using conservative assumptions to estimate potential environmental 
concentrations of DNOC that could result from its release from a hypothetical industrial facility. 
This estimation was done in spite of the absence of specific data indicating releases of DNOC to 
the environment, in recognition of two factors. First, it is recognized that some industrial facility 
operators are not fully aware of all potential sources of release of substances to the environment, 
including rinsate from the cleaning of reactors, transport and storage vessels, either directly at the 
facility or through third parties such as transporters or container recyclers. Second, there is the 
possibility that facilities that have not yet been identified are also using the substance. Of note, 
only facilities that are using greater than 10 000 kg per year of DNOC are required to report to 
NPRI. The requirement to respond to the section 71 notice for the year 2000 was also based on a 
threshold of 10 000 kg. 
 
It was assumed in the conservative scenario that one customer was receiving the total annual 
import quantity (100–1000 tonnes). The scenario assumed releases of 0.2% of the annual import 
quantity of DNOC into the St. Clair River; based on professional judgement, this recognizes 
routine process losses and waste from equipment cleaning for a substance handled in bulk. This 
accounts for releases to solid waste and wastewater; using this percentage results in an estimated 
annual release of 200–2000 kg. If it is further assumed that DNOC is in use throughout the year 
and that there is continuous release (24 hours per day) over the year (350 operating days); daily 
releases would correspond to approximately 0.57–5.7 kg/day. Sewage treatment plant (STP) 
removal rates were also considered. The STP model (STP 2001) estimated that 27% of DNOC 
would be removed and that 73% would enter the environment in the form of final wastewater 
effluent from an STP. 
 
Two main sources of atmospheric nitrophenols (a category that includes DNOC) have been 
reported in the literature. These include secondary formation by reactions in the troposphere and 
emissions from automobiles. Researchers have examined the atmospheric occurrence and 
formation of DNOC (Nojima et al. 1976; Alber et al. 1989; Richartz et al. 1990). DNOC has 
been shown to form as a secondary pollutant via the reaction of toluene and 2-methylphenol with 
nitrogen monoxide and hydroxyl radicals. It is difficult to estimate the quantity that may result 
from the anthropogenic release of precursor species. Direct emission of DNOC from car exhaust 
is likely only of minor importance. Under experimental conditions, exhaust from an automobile 
motor was found to contain DNOC at a rate of < 0.01 ng/m3 (Tremp et al. 1993).  
 
The NPRI (Environment Canada 2003b) reported that amounts of up to 2 tonnes of DNOC and 
its salts were, prior to 2002, annually “transferred for disposal” by NOVA Chemicals. For all 
years before 2002, the methods of treatment were biological, such as biooxidation, and 
incineration or thermal. For the year 2002, disposal was to a landfill.  
 
 
Ecological Effects Assessment 
 
Biotic Effects 
 
Key studies of the toxicity of DNOC to organisms in different environmental media are 
presented in tables 6 to 9. Studies primarily on the acute toxicity of DNOC to microorganisms, 
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aquatic invertebrates, insects, terrestrial invertebrates and vertebrates were located in the 
literature. No acute or chronic marine toxicity data were identified. 

 
Table 5. Empirical data for toxicity of DNOC to aquatic organisms  

Test organism Endpoint1 Value (mg/L) Reference 
Microorganisms 
Bacterium  
Pseudomonas putida 

Toxic threshold, 16-h  (cell 
multiplication inhibition) 

16 Bringmann and Kühn 1980 

Cyanobacterium  
Microcystis 
aeruginosa 

Toxic threshold, 72-h  
(cell multiplication inhibition)  

0.15 Bringmann and Kühn 1978 

Protozoan 
Entosiphon sulcatum 

Toxic threshold,16-h  
(cell multiplication inhibition) 

5.4 Bringmann and Kühn 1980 

Protozoan 
Chilomonas 
paramecium 

Toxic threshold,  72-h (growth 
inhibition) 

5.4 Bringmann and Kühn 1981 

Protozoan 
Uronaemia parduczi 

Toxic threshold, 72-hour 
(growth inhibition) 

0.012 Bringmann and Kühn 1981 

Aquatic plants    
Green alga 
Scenedesmus 
quadricauda 

Toxic threshold, 16-h  
(cell multiplication inhibition) 

13 Bringmann and Kühn 1980 

Green alga 
Scenedesmus 
subspicatus 

96-hour EC50 (biomass)  
48-hour EC50 (growth rate) 

6 
12 

Sewell et al. 1995a  
Sewell et al. 1995a 

Lemna minor Specific growth rate, 7-day 
exposure 

0.32 Sloof and Canton 1983 

Aquatic invertebrates 
Water flea Daphnia 
magna 

24-hour LC50  
14-day LC50  
14-day NOEC (reproduction)  
24-hour LC50  
24-hour NOEC (mortality)  
21-day NOEC (reproduction)  

5.7 
1.6 
0.6 
2.3 
1.5 
1.3 

van der Hoeven 1984 
van der Hoeven 1984  
van der Hoeven 1984 
Kühn et al. 1989  
Kühn et al. 1989 
Kühn et al. 1989 

Water flea Daphnia 
pulex 

48-hour EC50 
3-hour LC50 (DNOC sodium 
salt) 

0.145 
3.5 

Mayer and Ellersieck 1986 
PAN 2004 

Amphipod 
Gammarus fasciatus 

96-hour LC50 0.11 Mayer and Ellersieck 1986 

Stonefly Pteronarcys 
californica 

96-hour LC50 0.32 Mayer and Ellersieck 1986 

Vertebrates (fish) 
Bluegill Lepomis 
macrochirus 

96-hour LC50  
96-hour LC50 

0.95 
0.36 

Sewell et al. 1995b 
Mayer and Ellersieck 1986 

Rainbow trout  
Oncorhynchus 
mykiss 

96-hour LC50  
96-hour NOEC  
96-hour LC50 

0.45 
0.32 

0.066 

Sewell et al. 1995c  
Sewell et al. 1995c  
Mayer and Ellersieck 1986 

Atlantic salmon 
Salmo salar 

96-hour LC50 0.20 Zitko et al. 1976 
 

Bluegill Lepomis 
macrochirus 

96-hour LC50 0.23 Buccafusco et al. 1981 

Goldfish Carassius 
auratus 

48-hour LC50 (DNOC sodium 
salt) 

0.45 PAN 2004 

Common carp 13-day NOEC (pH 6.9–9.0) ≤ 0.25 Ghillebaert et al. 1995 
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Test organism Endpoint1 Value (mg/L) Reference 
Cyprinus carpio 13-day NOEC (pH 7.8) 

13-day NOEC (pH 9.0) 
0.5–1.0 

no effect 
Common carp 
Cyprinus carpio 

48-hour LC50 (DNOC sodium 
salt) 

0.17 PAN 2004 

Medaka Oryzias 
latipes 

48-hour LC50 (DNOC sodium 
salt) 

0.20 PAN 2004 

EC50 = the concentration of a substance that is estimated to cause some effect to 50% of the test organisms 
LC50 = the concentration of a substance that is estimated to be lethal to 50% of the test organisms 
NOEC =the no-observed-effect concentration is the highest concentration in a toxicity test not causing a statistically 
significant effect in comparison to the controls 
 
Table 6. Acute toxicity of DNOC to terrestrial plants  

Organism Endpoint Concentration 
(mg/L) 

Reference 

Tobacco Nicotiana sylvestris 3-hour ED50 
(growth inhibition of 
the pollen tube 
culture) 

0.466 Strube et al. 1991 

ED50 =The dose estimated to produce an effect to50% of the population 
 
Table 7. Acute toxicity of DNOC to terrestrial invertebrates 

Organism Endpoint Concentration Reference 
Earthworm Eisenia 
fetida 

7-day LC50 
14-day LC50  
14-day NOEC 

17 mg DNOC/kg of soil 
15 mg DNOC/kg of soil 
10 mg DNOC/kg of soil 

van der Hoeven 1992  

Honey bee Apis 
mellifera 

LD50 (oral) 
LD50 (contact) 

2.04 ± 0.25 µg DNOC/bee 
406 ± 27µg DNOC/bee 

Beran and Neururer 
1955  

LC50 = the concentration estimated to be lethal to 50% of the organisms 
NOEC = no-observed-effect concentration; LD50 = the dose estimated to be lethal to 50% of the organisms. 
 
Table 8. Toxicity of DNOC to terrestrial vertebrates 

Organism Endpoint Concentration (mg/kg-bw) Reference 
Japanese quail 
Coturnix japonica 

24-hour LD50
 

 
14.8 (95% CI 13–17) Dickhaus and Heisler 

1980  
Japanese quail 
Coturnix japonica 

8-day LC50
 

 
106 Til and Kengen 1980  

Pheasant LD50  8.4 Janda 1970  
Partridge LD50 8.3 Janda 1970  
Rat 90-day LOEL 2.5 (per day) Den Tonkelaar et al. 

1983 
LD50 = the dose estimated to be lethal to 50% of the organisms. 
LC50 = the concentration estimated to be lethal to 50% of the organisms. 
LOEL = lowest-observed-effect level. 
CI = confidence interval. 
  
The most sensitive aquatic vertebrates reported in the literature are rainbow trout (Mayer and 
Ellersieck 1986; Sewell et al. 1995c). The authors reported LC50 values (the concentration 
estimated to be lethal to 50% of the organisms) of 0.066 and 0.45 mg/L, respectively. The 96-
hour LC50 study reported by Sewell et al. (1995c) is an unpublished study; however, it was cited 
in a peer-reviewed report (IPCS 2000). Atlantic salmon and bluegill are also sensitive, with 96-
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hour LC50 values of 0.20 mg/L and 0.23 mg/L, respectively (Zitko et al. 1976; Buccafusco et al. 
1981).  
 
The effect of DNOC on terrestrial vertebrates (mink and otter) (Critical Toxicity Value [CTV] for 
wildlife) was calculated using the repeated mammalian (rat) oral dose toxicity data provided for the 
substance (2.5 mg/kg-bw per day for a 90-day rat dietary exposure study, lowest-observed-effect 
level [LOEL]) (Den Tonkelaar et al. 1983). The CTVwildlife is calculated by taking the chronic value 
(geometric mean of the no-observed-effect level [NOEL] and LOEL) from the rat study and 
correcting it for body weight of a predictive sentinel species (Sample et al. 1996). In this case, the 
predictive sentinel species are the piscivorous mammals mink and river otter. 

 
The CTVwildlife is thus calculated as: 

 
CTVwildlife =  ChVts · (BWts/BWpss) 

 
where: 
 
ChVts  =  chronic value for test species (geometric mean of LOEL [2.5 mg/kg-bw per day] and 

NOEL [0.25 mg/kg-bw per day] = 0.8 mg/kg-bw per day) 
BWts  =  mean body weight of test species (0.35 kg) 
BWpss  =  body weight of predictive sentinel species (0.807 kg for mink; 6.01 kg for otter) 

(2004 personal communicaton from P. Martin, Canadian Wildlife Service, 
Environment Canada, Ontario Region; unreferenced). 

 
Therefore, CTVwildlife = 0.8 × (0.35/0.807) = 0.35 for mink and 0.8 × (0.35/6.01) = 0.047 for otter. 
  
The PNECwildlife is calculated from the CTVwildlife as follows: 
 
PNECwildlife = CTVwildlife/AF 
 
where: 
 
PNECwildlife  =  wildlife predicted no-effect concentration (mg/kg-bw per day) 
AF  =  application factor (interspecies variation, laboratory to field extrapolation) (10). 
 
Therefore, the PNECmink is 0.035 mg/kg-bw per day, and the PNECotter is 0.0047 mg/kg-bw per day. 
 
 
Ecological Exposure Assessment 
 
Concentrations in the Atmosphere and Precipitation 
 
No monitoring data for DNOC in the atmosphere or precipitation in Canada were identified. 
Monitoring data from other countries are summarized in Table 9. 
 
Table 9. Concentrations of DNOC in the atmosphere and precipitation 
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Location Sampling 
period 

No. of 
samples1 

Mean concentration 
(µg/L) 2 

Reference 

Denmark October–
November 
2001 

5 [0.07–3.2 ng/m3] Bossi and 
Andersen 2003 

Netherlands 2000–2001 18 > 0.1 Duyzer and 
Vonk 2002 

Italy, Milan November 
1998 

12 [600–7200], rainwater Belloli et al. 
2000 

Germany, Bavaria  1995–1998 ns [0.1–2.4], rainwater 
(approximated from 

graph)

Schüssler and 
Nitschke 2001 

Germany, Bavaria July 1998 – 
March 1999 

> 100 3.4 [0.5–4.2], 
fogwater

Römpp et al. 
2001 

Germany, Hanover  1988 ns Qualitatively 
identified in rain and 

snow

Alber et al. 1989 

England, Great Dun 
Fell 

April–May 
1993 

6 0.7 [0.26–2.13], 
cloudwater

Lüttke and 
Levsen 1997 

Germany, Mount 
Brocken 

June 1994 6 4.2 [0.1–10], 
cloudwater

Lüttke et al. 
1999 

Switzerland, 
Dübendorf 

March–
November 
1985 

3 0.05 µg/m3, ambient 
air 

[0.95–1.6 µg/L], rain

Leuenberger et 
al. 1988 

1  ns = not specified. 
2 Unless otherwise specified. The range of values is indicated in square brackets, if available (e.g., [minimum–

maximum]). 
 
DNOC has been detected in atmospheric air and precipitation at a number of locations in Europe, 
and the presence of nitrated phenols in rain is not explained solely by input from pesticide 
applications (Leuenberger et al. 1988). DNOC has been shown to partition favourably from the 
gas phase to the aqueous phase, and its presence in rainwater would therefore be expected 
(Schwarzenbach et al. 2003). DNOC was detected in Denmark, even though the substance had 
not been used there in the previous 10 years (Danish Environmental Protection Agency 2001). 
The concentrations found in rain in Denmark are of the same order of magnitude as have been 
detected in England, Germany and Switzerland.  
  
As no atmospheric or precipitation monitoring data for DNOC in Canada could be located, a 
series of release scenarios was developed to estimate the amount of DNOC that could be released 
into receiving waters in Canada as a result of rainfall scavenging of DNOC in the atmosphere. 
The scenarios incorporated precipitation data for 12 Canadian cities, an estimate of the amount 
of DNOC in rainwater, and a calculation of runoff from built-up and natural areas into the 
receiving STPs. It was assumed that the rain event that would result in DNOC being removed 
from the atmosphere would be a heavy rainfall and that DNOC would be washed out in the early 
stages of the rain event and not over the length of the rainfall. The concentration of DNOC used 
in the scenario is based on precipitation values from Europe that were considered realistic 
possible levels of DNOC in air in Canada. The mean concentration of DNOC in cloudwater from 
northern Germany (4.2 µg/L) was selected. It was assumed that rainwater would be released as a 
point source from an STP but that it would not undergo STP treatment, as STP removal 
efficiency during a storm event is likely to be poor. The highest concentrations of DNOC were 
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estimated in receiving waters from the STPs in London, Ontario (0.0023 mg/L), Guelph, Ontario 
(0.0023 mg/L), and Granby, Quebec (0.0025 mg/L).  
 
Aquatic Concentrations 
 
No recent aquatic monitoring data for DNOC in Canada were identified. Older data on levels of 
DNOC in Canadian waters as well as in other countries are summarized in Table 10.  
  
Table 10. Concentrations of DNOC in surface water 
Location Sampling 

period1 
No. of 

samples1 
Detection 

limit1 

(µg/L)

Mean 
concentration1,2 

(μg/L) 

Reference 

Italy, River Po January 
1994 – 
December 
1996 

ns (samples 
were taken 

at 15-day 
intervals 

during the 
sampling 

period)

0.1 nd Davi and Gnudi 1999 

Germany, Elbe River 1994 ns 0.05 [ns–0.06] Pietsch et al. 1995 
Denmark, Hølvads 
Rende area, soil water, 
drainage water, stream 
water 

October 
1989 – 
December 
1991 

ns ns 0.005 (soil water) 
nd (drainage water) 
[0.02–0.16] (stream 

water) 

Mogensen and Spliid 
1995 

Denmark, Bolbo Bæk 
area, soil water, stream 
water 

April  
1990 – 
December 
1991 

ns ns 0.005 (soil water) 
0.16 (stream water) 

Mogensen and Spliid 
1995 

Denmark, four ponds November 
1989 – 
December 
1990 

ns ns [nd–0.64] Mogensen and Spliid 
1995 

Netherlands, Meuse 
River and Rhine River; 
Slovakia, Danube 
River and Nitra River 

ns 4 0.4 nd Brouwer and Brinkman 
1994 

Germany, Bavaria, 
Mount Ochsenkopf 
and University of 
Bayreuth campus 

Fall 1988 ns 1.98 [nd–12.5] Richartz et al. 1990 

Point source 
Ontario, St. Clair River 
near Sarnia (industrial 
area) 

1979 24 1 [nd–10] Munro et al. 1985 

Ontario, St. Clair River 
near Sarnia (industrial 
area) 

1980 25 1 nd Munro et al. 1985 

Ontario, St. Clair River 
near Sarnia, industrial 
effluent, process/sewer 
water, township ditch 
water3 

1979 119 1 [nd–10 000] Munro et al. 1985 
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Location Sampling 
period1 

No. of 
samples1 

Detection 
limit1 

(µg/L)

Mean 
concentration1,2 

(μg/L) 

Reference 

Ontario, St. Clair River 
near Sarnia, industrial 
effluent, process/sewer 
water, township ditch 
water3 

1980 61 1 nd Munro et al. 1985 

United States, 
California, 
groundwater 

ns ns ns ns–35 Hallberg 1989 

Italy, Taranto, surface 
seawater contaminated 
by oil refinery or iron 
and steel factory 
wastes 

ns 2 0.017 [0.030–0.065] Cardellicchio et al. 
1997 

Unspecified location, 
oil refinery effluent, 
paper mill effluent 

ns ns 0.5 nd Paterson et al. 1996 

1  ns = not specified; nd = not detected. 
2  The range of values is indicated in square brackets, if available (e.g., [minimum–maximum]). 
3 Mean concentration in effluent is presented as an indication of resulting exposure. This value was not included in 

the section on releases of DNOC, as details on effluent quantities and release rate were not provided. 
 
As no recent Canadian surface water monitoring data were identified, aquatic exposure estimates 
were modelled. The scenario uses the ChemSim model (Environment Canada 2003c) to predict 
estimated exposure values. ChemSim model runs were done for three river flow estimates and 
two loading rates (calculated in the section on releases of DNOC), for a total of six model runs. 
As indicated in the release scenario, it is assumed that DNOC is in use throughout the year and 
that there is continuous release (24 hours per day) over the year (350 operating days). Two 
estimates of low river flow (2.5th and 10th percentiles) were selected to derive predicted 
environmental concentrations (PECs) under low-flow conditions. The 50th-percentile flow value 
was also selected to estimate PECs under more typical conditions. The maximum concentration 
of DNOC at 20 m downstream of the reporting facility with a worst-case scenario release of 5.7 
kg/day and a 2.5th-percentile river flow is estimated to be less than 0.006 mg/L. If STP treatment 
is considered, a PEC of 0.0014 mg/L is estimated.  
 
Concentrations in Sediment, Sewage Sludge and Soil 
 
Monitored soil, sediment and sludge concentrations of DNOC are summarized in Table 11. The 
high flow and velocity of the St. Clair River would rapidly dilute and disperse the substance, and 
only a minor amount of DNOC is expected to partition to sediments (1%). Based on the results 
of modelling, at a release rate of 5.7 kg/day, 0.057 kg/day (or 1%) would be available to be 
adsorbed onto sediments. 
 
Table 11. Concentrations of DNOC in soil, sediment and sludge 
Location Sampling 

period1 
No. of 

samples1 
Detection 

limit1 

(ng/g)

Mean 
concentration1,2 

(ng/g) 

Reference 

Ontario, old urban 
parkland soil 

ns 60 100 Ontario typical range 
< W3 

OMEE 1994 
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Location Sampling 
period1 

No. of 
samples1 

Detection 
limit1 

(ng/g)

Mean 
concentration1,2 

(ng/g) 

Reference 

Ontario, rural parkland 
soil 

ns 101 100 Ontario typical range 
< W3 

OMEE 1994 

Canada, agricultural 
soil 

ns 30 50 nd Webber 1994 
 

11 sites across Canada, 
sludge samples 

September 
1993 –
February 
1994 

12 
samples/site

ns nd Webber and Nichols 
1995 

Sediment, artificial 
islands, Beaufort Sea 

ns ns ns < 10 (dry weight) Fowler and Hope 
1984 

Canadian municipal 
sludges 

1980–1985 15 ns [1200–1500] (dry 
weight)  

Webber and Lesage 
1989 

Poland, Holy Cross 
mountains, soil 

July 3–6, 
1996 

8 1 nd Migaszewski 1999 

Italy, Taranto, 
sediment contaminated 
by oil refinery or iron 
and steel factory 
wastes 

ns 2 ns nd Cardellicchio et al. 
1997 

1 ns = not specified; nd = not detected. 
2 The range of values is indicated in square brackets, if available (e.g., [minimum–maximum]). 
3 < W is a qualifier, given to indicate that the sample may contain the analyte but the level would probably not 

exceed the laboratory method detection limit (MDL). W is approximately one-third to one-fifth of the MDL 
(OMEE 1994). 

 
DNOC was detected in 13% of Canadian municipal sludges sampled during the period 1980–
1985 at concentrations ranging from 1200 to 1500 ng/g dry weight, with a median concentration 
of 1300 ng/g dry weight (Webber and Lesage 1989). It was not detected (detection limit not 
stated) in sludge or sludge compost from various locations in Canada sampled in 1993–1994 
(Webber and Nichols 1995). 
 
DNOC was not detected (method detection limit = 100 ng/g) in 101 samples of “rural parkland” 
soil or in 60 samples of “old urban parkland” soil in Ontario (OMEE 1994). Similarly, DNOC 
was not detected (detection limit = 50 ng/g) in agricultural soil from various locations across 
Canada (Webber 1994). 
 
Concentrations in Biota 
 
DNOC was not detected in fish composite samples (detection limit not stated) from the United 
States (DeVault 1985).  
 
As indicated in the section on environmental fate and partitioning, DNOC has a relatively low 
bioaccumulation potential. However, as will be seen in the section on effects characterization, 
results of repeated oral dose toxicity studies indicate that mammals may be fairly sensitive to 
DNOC. Therefore, wildlife exposure to DNOC from food and water has been estimated. 
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A PEC for wildlife was estimated based on a calculation of the total daily intake of the substance 
by mink and otter. An energetics model based on the general exposure model for wildlife from 
the U.S. Environmental Protection Agency’s (EPA) Exposure Factors Handbook (US EPA 1993) 
was used.  
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where: 
 
TDI  =  total daily intake (mg/kg-bw per day) 
FMR  = normalized free metabolic rate of wildlife receptor of interest (250 kcal/kg-bw per 

day for mink and river otter)  
Ci  =  concentration of contaminant in the ith prey species (mg/kg-bw) (see below) 
Pi  =  proportion of the ith prey species in the diet (unitless) (default = 35% for mink; 100% 

for otter) 
GEi  =  gross energy of the ith prey species (default = 850 kcal/kg-bw prey) 
AEi  =  assimilation efficiency of the ith prey species by the wildlife receptor (default =

 0.91) 
Pt  =  proportion of the time the receptor spends in the contaminated area (= 9% for mink 

and 0.06% for otter). 
 
The model incorporated the metabolic rate of the wildlife receptors of interest (mink and otter), 
the proportion of food uptake by the receptors and the amount of time the animals spend in the 
contaminated area, which is based on the typical habitat range of the wildlife receptors.  
 
The concentration of the substance in a fish (Ci) must be estimated based on the highest PECwater 
and a BAF. The BAF was estimated using the Modified Gobas Model (Gobas and Arnot 2003). 
The BAF represents a benthic/pelagic food chain and estimates the accumulation from all 
sources in a mid-trophic-level fish that would typically be eaten by a mammalian piscivore.  
 
Ci = PECwater · BAF  
 
where: 
 
Ci  =  concentration in a prey fish (mg/kg-bw) 
PECwater  =  PEC calculated for surface water (mg/L) (see section on aquatic concentrations) 
BAF  =  bioaccumulation factor for substance (L/kg) (see section on    
 environmental fate and partitioning). 
 
Ci = 0.0014 · 25 = 0.035 
 
The model estimated PECs of 0.0004 mg/kg-bw per day and 0.000 007 mg/kg-bw per day for 
mink and otter, respectively. 
 

 - 18 -
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Characterization of Ecological Risk 
 
As part of risk characterization, one line of evidence includes consideration of risk quotients to 
identify potential for ecological effects. Other factors that affect current or potential risks, such 
as persistence, bioaccumulation and trends in ambient concentrations, are also considered. 
 
Risk Quotient Analysis 
 
Critical exposure and effects results and risk quotients are summarized in Table 12 and described 
in more detail below. 
 
Table 12. Summary of data used in risk quotient (RQ) analysis of DNOC 
Scenario PEC

 
CTV

 
AF1 PNEC 

 
RQ

(PEC/ 
PNEC) 

Pelagic organisms 
Industrial release; 
rainbow trout 

0.0014 mg/L 0.26 mg/L 100 0.0026 mg/L 0.54 

Rainfall; rainbow trout 0.0025 mg/L 0.26 mg/L 10 0.026 mg/L 0.096 
Soil organisms 
Earthworm 0.1 mg/kg 15 mg/kg dry 

weight 
100 0.15 mg/kg dry 

weight 
0.67 

Wildlife consumers 
Mink 0.0004 

mg/kg-bw per day 
0.35 10 0.035 

mg/kg-bw per day 
0.011 

River otter 0.000 007 
mg/kg-bw per day 

0.047 10 0.0047 mg/kg-bw 
per day 

0.0015 

1 AF = application factor. 
 
Pelagic Organisms 
 
For pelagic organisms, a risk quotient was developed using the average 96-hour LC50 values of 
rainbow trout reported by Mayer and Ellersieck (1986) (0.066 mg/L) and Sewell et al. (1995c) 
(0.45 mg/L). The average of the two studies, which is the CTV, is 0.26 mg/L.  

 
For the industrial release scenario, if STP treatment is considered (27% removal efficiency), the 
PEC will be 0.0014 mg/L. Using an application factor of 100 on the CTV to account for acute to 
chronic extrapolation and intra- and interspecies variations, differently sensitive biological 
endpoints and laboratory to field extrapolations, the PNEC is calculated to be 0.0026 mg/L.  
 
The risk quotient is therefore calculated as: 
 
PEC     =  0.0014 mg/L = 0.54 
PNEC  0.0026 mg/L 
 
Even with STP removal considered, this represents a conservative scenario due largely to the 
very high quantity of DNOC assumed to be used by a single facility. 
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The maximum PEC under the defined rainfall scenario was determined to be 0.0025 mg/L with 
no STP treatment due to the assumption of a heavy rainfall. As rainfall represents an acute 
exposure scenario, the application factor does not need to account for acute to chronic 
extrapolation. Therefore, using an application factor of 10 and the same CTV of 0.26 mg/L for 
rainbow trout, a PNEC of 0.026 mg/L is calculated. The risk quotient is therefore: 
 
PEC    =  0.0025 mg/L  = 0.096 
PNEC  0.026 mg/L 
 
Soil Organisms 
 
There are no quantified amounts of DNOC concentrations in Canadian soils. OMEE (1994) did 
not detect DNOC in 161 soil samples collected from soils in Ontario. The method detection limit 
of 0.1 mg/kg (100 ng/g) will be used as a surrogate for the level of DNOC in Canadian soil and 
is selected as the PEC.  
 
One study was located in the literature on the effects of DNOC on terrestrial organisms. The 
LC50 from a 14-day acute toxicity study on the earthworm is 15 mg/kg of soil. This value is 
selected as the CTV for exposures of soil organisms to DNOC. Dividing the value by a factor of 
100 to account for extrapolation from laboratory to field conditions, acute to chronic ratio and 
interspecies and intraspecies variations in sensitivity gives a PNEC of 0.15 mg/kg. 
 
The risk quotient for soil organisms is therefore: 
 
PEC     =  0.1 mg/kg      = 0.67 
PNEC  0.15 mg/kg 

 
Aquatic Wildlife 
 
The PECs for the mink and river otter were estimated to be 0.0004 mg/kg-bw per day and 0.000 
007 mg/kg-bw per day, respectively. The PNEC for the mink was estimated to be 0.035 mg/kg-
bw per day, and the PNEC for the river otter was calculated to be 0.0047 mg/kg-bw per day. 
 
The risk quotients for aquatic wildlife are thus calculated to be:  
 
PECmink     =  0.0004 mg/kg-bw per day  = 0.011 
PNECmink  0.035 mg/kg-bw per day 
 
PECotter    = 0.000 007 mg/kg-bw per day  = 0.0015 
PNECotter  0.0047 mg/kg-bw per day 
 
Benthic Organisms 
 
No monitoring data for DNOC in sediments in Canada were identified. Level III multimedia fate 
simulation estimated that only about 1% of DNOC is expected to partition to sediments. It is 
therefore believed that there will be minimal exposure of benthic organisms to DNOC. 
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Weight-of-Evidence Analysis 
 
The risk quotient analyses for pelagic and soil organisms and wildlife have shown that it is 
unlikely that organisms are currently exposed to concentrations of DNOC above known effect 
thresholds. This conclusion is based on import levels and locations where DNOC was used 
industrially in the year 2000, and the current state of knowledge of its atmospheric chemistry.   
 
A conservative scenario based on concentrations of DNOC in precipitation that could be 
expected to enter Canadian receiving water indicated that the potential for risk to aquatic 
organisms from this source is low.  
 
In addition, modelling estimates of industrial releases to the St. Clair River indicate that DNOC 
is not likely to have adverse effects on pelagic or benthic organisms. This is based on a 
conservative release scenario developed for a facility located in the same region as the one 
company that reported use of DNOC in 2000 in response to a notice published under section 71 
of CEPA 1999 and that reported to the NPRI. It is noted that the reporting facility ceased use of 
DNOC in late 2002.   
 
Although sorption is low at environmentally relevant pHs, little leaching to groundwater has 
been found, likely due to biodegradation. 
 
Potential sources of release of DNOC to the environment are to air and water. Based on its 
properties, DNOC is persistent in air and water but is not bioaccumulative. Long-range transport 
modelling estimates that it will be transported over moderate distances, and a decreasing 
concentration with increasing latitude is expected.  
 
Uncertainties in Evaluation of Ecological Risk 
 
There are uncertainties associated with development of the PNECs used in this assessment. 
However, a moderate number of empirical studies from different sources were identified, and 
this increases confidence in the values. Application factors of 10–100 were used to account for 
information gaps relating to chronic toxicity, effects in the field, and effects on potentially more 
sensitive species.  
 
Very few Canadian monitoring data are available for DNOC, and those that were identified were 
fairly old. To both support the limited amount of empirical data and provide greater insight into 
the potential range of levels of DNOC in the environment, releases were estimated and fate and 
exposure were modelled. Entry of DNOC into the environment from two sources was 
considered—industrial releases and precipitation containing DNOC scavenged from the 
atmosphere. To address the significant uncertainty in these estimations, conservative 
assumptions were used to ensure that errors would be protective of the environment. 
 
Although there have been no reports of direct releases of DNOC to water from industrial 
facilities, a conservative scenario was developed to estimate possible releases from an industrial 
source. This conservatively assumed an upper-limit estimate of the quantity of DNOC potentially 
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used by a single facility; a slightly conservative estimate of the fraction of substance typically 
released due to handling practices for a substance used in bulk; and a low-percentile estimate of 
river flow for the receiving water body used in the scenario. Flow characteristics of the St. Clair 
River were used in the exposure scenario, as the only facility that had reported use of DNOC was 
located close to this water body. This river is extremely fast flowing and consequently disperses 
effluents very rapidly. Were there to be facilities with substantive releases to smaller water 
bodies, then the assumptions used in this scenario might not be sufficiently protective. However, 
it is believed that there are currently no large users of DNOC in Canada, and it is possible that 
the substance is no longer in commercial use in Canada. 
 
Estimation of possible exposure from atmospherically generated DNOC in precipitation 
conservatively assumed that the concentration in the atmosphere in Canada would be similar to 
that in more heavily populated regions of Europe; that the rainfall event would be particularly 
heavy; that a high percentage of precipitation from a census subdivision would be released to the 
receiving river body through a single discharge point; and that there would be no removal of 
DNOC by the municipal STP. In particular, the assumption that atmospheric concentrations in 
Canada would be the same as average to high concentrations in Germany, which is much more 
heavily populated and industrialized, is uncertain. While it is believed that use of monitoring data 
from Germany in the scenario is conservative, the origins of atmospherically generated DNOC 
are at present not well understood, and no Canadian atmospheric monitoring data were identified 
for comparison. 
 

Potential to Cause Harm to Human Health 
 
Exposure Assessment 
 
The upper-bounding estimate of exposure to DNOC for the general population is 0.06 µg/kg-bw 
per day for the 0- to 6-month (formula-fed) age group, based on very limited data from Canadian 
surveys of drinking water and soil (OMEE 1994; City of Toronto Water and Wastewater 
Services Division 2002a, 2002b, 2002c, 2002d) and an estimated concentration of DNOC in air 
in Switzerland (Leuenberger et al. 1988) (see Appendix 1). No quantitative data on levels of 
DNOC in food were identified. Confidence in the database for estimating exposure is considered 
moderate, since there is information for conservative estimation of exposure through drinking 
water and air, the likely principal media of exposure. The levels of DNOC in drinking water 
were below the detection limit; thus, estimates based on the detection limit likely overestimate 
exposure. The concentration of DNOC in air was estimated from rain samples but is considered 
to be conservative, as it is higher than levels measured in automobile exhaust, a source of DNOC 
(Tremp et al. 1993). 
 
Health Effects Assessment 
 
A health assessment of DNOC was published by the International Programme on Chemical 
Safety (IPCS) in 2000 (see Appendix 2 for an overview of the toxicological database, in which 
confidence is considered to be high, in view of the wide range of toxicity studies available). 
Although the IPCS did not select a critical study for use as a basis of a tolerable intake or 
guidance value, the lowest-observed-effect level (LOEL) identified in that review that is 
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considered to be the critical effect level is 2.5 mg/kg-bw per day in a 90-day rat dietary exposure 
study, with resulting dose-related decreases in blood pyruvate and triiodothyronine levels (Den 
Tonkelaar et al. 1983). Although several lower effect levels were reported in the IPCS 
assessment, there was less confidence in these studies due to the fact that insufficient details 
were available; however, these lower values were generally within an order of magnitude of the 
effect level considered to be critical. Similarly, in very early clinical investigations of the 
potential application of DNOC in the treatment of obesity, effects associated with increases in 
basal metabolic rate were observed in individuals administered doses in the range of this critical 
value. DNOC was not carcinogenic in the only long-term study identified (Broadmeadow 1991), 
and the weight of evidence for genotoxicity was considered to be equivocal by the IPCS (2000), 
as positive results were observed in some but not all in vivo assays in which rodents were 
administered doses generally greater than the critical effect level for non-neoplastic effects. 
Similarly, the results of modelling of in vivo and in vitro genotoxicity endpoints are also 
equivocal. 
 
Confidence in the database upon which the critical effect level is based is considered to be high 
in view of the wide range of toxicity studies available (i.e., acute toxicity, repeated dose toxicity, 
chronic toxicity/carcinogenicity, genotoxicity, reproductive and developmental toxicity and 
immunotoxicity). There is some uncertainty concerning lower effect levels reported in secondary 
accounts of studies for which original reports could not be obtained; however, since these values 
are generally within an order of magnitude of the effect level considered to be critical, they 
would not alter the conclusion of the screening assessment. There is also uncertainty with 
regards to the potential genotoxicity of DNOC, as the IPCS (2000) concluded it to be equivocal.  
 
Characterization of Risk to Human Health 
 
Comparison of a conservatively selected lowest effect level (i.e., 2.5 mg/kg-bw per day) for 
slight changes in biochemical parameters in a 90-day study in rats to the highest of the upper-
bounding estimates of exposure for all age groups in the population (i.e., 0.06 μg/kg-bw per day) 
for the 0- to 6-month (formula-fed) age group resulted in a margin of exposure of approximately 
41 700. In light of the moderate to high confidence in the databases on exposure and effects upon 
which this assessment is based and the conservative nature of this evaluation, including the use 
of an upper-bounding exposure estimate and lowest effect level, this margin is considered 
adequate to address elements of uncertainty associated with limitations of the database for health 
effects and population exposure and intraspecies and interspecies variations in sensitivity, as well 
as the biological adversity or severity of the effects deemed critical.  
 
 

Conclusion 
 
Based on the information presented in this screening assessment, it is concluded that DNOC is 
not 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 or 
that constitute or may constitute a danger to the environment on which life depends. In addition, 
it is concluded that DNOC is not entering the environment in a quantity or concentration or 
under conditions that constitute or may constitute a danger in Canada to human life or health.  
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It is therefore concluded that DNOC does not meet the criteria in section 64 of the Canadian 
Environmental Protection Act, 1999. Additionally, DNOC meets the criteria for persistence but 
does not meet the criteria for bioaccumulation set out in the Persistence and Bioaccumulation 
Regulations (Canada 2000). 
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Appendix 1. Upper-bounding estimates of daily intake of DNOC by the general 
population in Canada 
 

Estimated intake (μg/kg-bw per day) of DNOC by various age groups 
0–6 months1 

Route of 
exposure 
 Formula 

fed2 
Not formula 

fed 

0.5–4 
years3 

5–11 
years4 

12–19 
years5 

20–59 
years6 

60+ 
years7 

Air8 1.4 × 10-2 3.0 × 10-2 2.4 × 10-2 1.4 × 10-2 1.1 × 10-2 9.9 × 10-3 
Drinking 
water9 

1.6 × 10-2 1.8 × 10-2 1.4 × 10-2 8.1 × 10-3 8.5 × 10-2 8.9 × 10-3 

Food10 
4.3 × 10-2 

NA11 NA NA NA NA NA 
Soil12 4.0 × 10-4 6.5 × 10-4 2.1 × 10-4 5.1 × 10-5 4.2 × 10-5 4.2 × 10-5 
Total intake 5.7 × 10-2 3.0 × 10-2 4.9 × 10-2 3.8 × 10-2 2.1 × 10-2 2.0 × 10-2 1.9 × 10-2 

  
1 Assumed to weigh 7.5 kg, to breathe 2.1 m3 of air per day, to drink 0.8 L of water per day (formula 

fed) or 0.3 L/day (not formula fed), and to ingest 30 mg of soil per day (Health Canada 1998). 
2 For formula-fed infants, intake from water is synonymous with intake from food. No data on 

concentrations of DNOC in formula were identified for Canada. 
3 Assumed to weigh 15.5 kg, to breathe 9.3 m3 of air per day, to drink 0.7 L of water per day, and to 

ingest 100 mg of soil per day (Health Canada 1998). 
4 Assumed to weigh 31.0 kg, to breathe 14.5 m3 of air per day, to drink 1.1 L of water per day, and to 

ingest 65 mg of soil per day (Health Canada 1998). 
5 Assumed to weigh 59.4 kg, to breathe 15.8 m3 of air per day, to drink 1.2 L of water per day, and to 

ingest 30 mg of soil per day (Health Canada 1998). 
6 Assumed to weigh 70.9 kg, to breathe 16.2 m3 of air per day, to drink 1.5 L of water per day, and to 

ingest 30 mg of soil per day (Health Canada 1998). 
7 Assumed to weigh 72.0 kg, to breathe 14.3 m3 of air per day, to drink 1.6 L of water per day, and to 

ingest 30 mg of soil per day (Health Canada 1998). 
8 Leuenberger et al. (1988) estimated an ambient air concentration of 0.05 µg/m3 using measured 

concentrations of DNOC from a rainwater sample (15 nM) taken at Dübendorf, Switzerland, in 1985 
and using a reference rain/air partition coefficient (5.6 × 104). Canadians are assumed to spend 3 hours 
outdoors each day (Health Canada 1998). Data available from which the critical data were selected 
included Tremp et al. (1993). In the absence of data, the estimated ambient air concentration 
(0.05 µg/m3) was also used for indoor air. Canadians are assumed to spend 21 hours indoors each day 
(Health Canada 1998). Ambient air was assumed to be representative of exposure to indoor air, since 
there was no indication of additional sources of DNOC in indoor environments. 

 9 The detection limit (0.4 µg/L) for DNOC in 19 samples of tap water from Toronto, Ontario, in 2002 
was used as a surrogate for the level of DNOC in Canadian drinking water (City of Toronto Water and 
Wastewater Services Division, 2002a, 2002b, 2002c, 2002d). Data available from which the critical 
data were selected included Hallberg (1989), City of Toronto (1990), and Spliid and Koppen (1998). 

 10 No quantitative data were identified for concentrations of DNOC in food items. A detection limit of 
1000 µg/g was used for a study by Schmidt (1970) that measured DNOC in potatoes. However, this 
value was not used in the intake estimate due to the age of the study and because DNOC is not 
expected to contaminate foods based on its application method. Data available from which the critical 
data were selected included DeVault (1985). 

11 NA = not available. 
12 The Ontario Ministry of Environment and Energy (OMEE 1994) did not detect DNOC in 161 soil 

samples collected from Ontario. The method detection limit of 100 ng/g was used in the intake 
estimate as a surrogate for the level of DNOC in Canadian soil. Data available from which the critical 
data were selected included Webber (1994) and Migaszewski (1999).  
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Appendix 2. Summary of health effects information for DNOC 
 
Endpoint Lowest effect levels1/Results 
Laboratory animals and in vitro 
Acute toxicity Lowest oral LD50 = 16 mg/kg-bw  (Jongerius and Jongeneelen 1991) (range: 16 mg/kg-

bw to 100 mg/kg-bw)  
[Additional studies: Dow Chemical Co. 1940; Ambrose 1942; Spencer et al. 1948; Dow 
Chemical Co. 1950; King and Harvey 1953a; McGirr and Papworth 1953; Burkatskaya 
1965b; Ben Dyke et al. 1970; Dow Chemical Co. 1992; Driscoll 1995a]  
Lowest dermal LD50 = 187 mg/kg-bw (Arustamyn 1972) (range: 187 mg/kg-bw to 
> 2000 mg/kg-bw) 
[Additional studies: Dow Chemical Co. 1940; Spencer et al. 1948; Burkatskaya 1965b; 
Ben Dyke et al. 1970; Jongerius and Jongeneelen 1991; Dow Chemical Co. 1992; 
Driscoll 1995b] 
Lowest inhalation LC50 = 40 mg/m3 (Burkatskaya 1965a) (range: 40 mg/m3 to 
230 mg/m3) 
[Additional studies: King and Harvey 1953b; Dey-Hazra and Heisler 1981] 

Short-term repeated-
dose toxicity 

Lowest oral (diet) LOEL (rat) = 7.24 mg/kg-bw per day: decreased body weight gain 
(6-week study) (Broadmeadow 1988) 
[Additional studies: Dow Chemical Co. 1940,; Spencer et al. 1948; Quinto et al. 1989; 
Dow Chemical Co. 1992; Takahashi et al. 1999] 
Lowest inhalation LOEC (cat) = 2 mg/m3: mortality (30-day study) (Burkatskaya 
1965a) 

Subchronic toxicity Lowest oral (diet) LOEL (rat) = 2.5 mg/kg-bw per day: change in blood pyruvate and  
thyroid hormone levels (13-week study) (Den Tonkelaar et al. 1983) 
[Additional studies: Til 1980; Kelly 1995] 
Lowest inhalation NOEC (cat) = 0.2 mg/m3: “no severe adverse effects” (90-day study) 
(Burkatskaya 1965a) 

Chronic toxicity/ 
carcinogenicity 

Lowest oral (diet) non-neoplastic LOEL (male rat) = 4.12 mg/kg-bw per day: increased 
food consumption (104-week study) (Broadmeadow 1991) 
No increase in tumour incidence was observed at dose levels up to 5 mg/kg-bw per day 
in a 104-week study using rats exposed through the diet (Broadmeadow 1991). [N.B.: It 
is not clear based on the secondary account of this study if the substance was tested up to 
the maximum tolerated dose.] 

Genotoxicity and 
related endpoints: in 
vivo 

Positive: mouse, bone marrow (micronuclei; 20 mg/kg-bw or 10 mg/kg-bw 
intraperitoneally [i.p.] after 1 year); rat, bone marrow (chromosomal aberrations; 7.5–
30 mg/kg-bw i.p.); rat, hepatocytes (DNA unwinding; 1–9.3 mg/kg-bw i.p.); mouse 
(dominant lethal assay; 8–15 mg/kg-bw i.p.; and chromosomal aberration in F1 embryo; 
5–10 mg/kg-bw i.p.) (Nehéz et al.1 1978, 1981, 1984; Grilli et al. 1991; Hrelia et al. 
1994) 
Negative: rat and mouse, bone marrow (chromosomal aberrations; 4–16 mg/kg-bw oral 
and 3–12 mg/kg-bw i.p., respectively); mouse, bone marrow (micronuclei; 20 mg/kg-bw 
i.p.); rat, hepatocytes (unscheduled DNA synthesis; 28–70 mg/kg-bw oral) (Kirkland 
1984, 1986; Marzin 1991c; Fellows 1998) 

                                                 
1 It was indicated in the IPCS (2000) review that studies by Nehéz et al. involved testing of a commercial 
product (Krezonit E) that contains 50% DNOC; therefore, results of these assays may relate to other 
components in the product. 
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Endpoint Lowest effect levels1/Results 
Genotoxicity and 
related endpoints: in 
vitro 

Positive: Proteus mirabilis (DNA repair), Salmonella typhimurium TA98, TA100, 
TA1535, TA1537, TA1538 (mutagenicity), Drosophila (sex-linked recessive lethal), 
mouse lymphoma (mutagenicity), human lymphocytes (chromosome damage), Chinese 
hamster V79 cells (mutagenicity) (Adler et al. 1976; Nehéz et al. 1977, 1978; Muller and 
Haberzetti 1980; Martin 1981; Nishimura et al. 1982; Sundvall et al. 1984; Marzin 
1991a, 1991b)  
Negative: S. typhimurium TA98, TA100, TA100NR, TA1535, TA1537 (mutagenicity), 
mouse lymphoma (mutagenicity), human lymphocytes (chromosome damage, sister 
chromatid exchange and unscheduled DNA synthesis), Chinese hamster ovary cells 
(chromosome damage) (Martin 1981; Somani et al. 1981; Nishimura et al. 1982; Garner 
1984; Sundvall et al. 1984; Marzin 1991a, 1991b, 1991d; Hrelia et al. 1994) 

Developmental 
toxicity 

Lowest oral (gavage) LOEL (rabbit) = 25 mg/kg-bw per day: external or visceral 
malformations or skeletal variations, including microphthalmia or anophthalmia and 
hydrocephaly or microcephaly (gestation days 6–18) (Allen et al. 1990a)  
[Additional studies: Nehéz et al. 1981; Dickhaus and Heisler 1984] 
Lowest dermal LOEL (rabbit) = 30 mg/kg-bw per day: total resorptions in two females 
(gestation days 6–18) (Allen et al. 1990b)  

Reproductive toxicity Lowest oral (diet) LOEL (rat) = 1.73–2.24 mg/kg-bw per day: decreased group mean 
litter size in F0 generation on days 14 and 21 of lactation (two-generation reproductive 
study) (Coles and Brooks 1997) 

Immunotoxicity Highest oral (diet) NOEL (rat) = 20 mg/kg-bw per day (3-week study) (Vos et al. 1983) 
Humans 
Clinical study Increase in basal metabolic rate and symptoms of toxicity (sweating, lethargy, headache, 

altered sleep patterns) at 3 mg/kg-bw for “several” days.  Slight increase in basal 
metabolic rate but no symptoms of toxicity were noted in one patient administered 0.5 
and then 1 mg/kg-bw per day for 39 days (data presented for two subjects, total number 
examined unclear) (Dodds and Robertson 1933) 
 
[Additional study: Plotz 1936] 

1 LC50 = the concentration estimated to be lethal to 50% of the organisms; LD50 = the dose estimated to be 
lethal to 50% of the organisms; LOEC = lowest-observed-effect concentration; LOEL = lowest-observed-
effect level; NOEC = no-observed-effect concentration. 
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