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ABSTRACT 

Dialkyl phthalate esters (DPEs) are a family of widely used industrial 

chemicals, mostly as additives to impart flexibility in plastics. The biodegradation 

of DPEs in the environment results in the formation of monoalkyl phthalate esters 

(MPEs). The environmental fate of MPEs is largely unknown but is important for 

the evaluation of DPEs. In this study, the presence, distribution, and 

bioaccumulation potential of MPEs in organisms of an aquatic food web were 

investigated. A field study was conducted in False Creek, Vancouver; sediment, 

seawater, and seven marine organisms were collected. The highest MPE 

concentrations (200ppb) were observed for MnBP in mussels. MPEs were not 

found to biomagnify in the food web. This indicates that MPEs are relatively 

quickly eliminated, possibly through gill water exchange and/or metabolic 

transformation. This study further suggests that the primary source of MPEs to 

the aquatic environment is via dietary DPE uptake and subsequent metabolism in 

biota. 

Keywords: phthalate ester; phthalate monoester; aquatic food web; 

bioaccumulation; metabolism 

Subject Terms: phthalate esters -- toxicology; food chains (ecology) -- British 

Columbia -- Vancouver -- False Creek; marine ecology -- British Columbia -- 

Vancouver -- False Creek 
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INTRODUCTION 

The esters of 1,2-benzene dicarboxylic acid, commonly referred to as 

dialkyl phthalate esters (DPEs), are a family of chemicals which are widely used 

in consumer products (Stanley et al. 2003). Currently, over 5 million tonnes of 

DPEs are produced globally each year (Parkerton and Konkel 2000) and are 

commonly used to increase flexibility in polyvinylchloride (PVC) products (Staples 

et al. 1997). Most of the DPEs found in the environment are the result of slow 

releases of DPEs from plastics and other DPE-containing articles as they 

weather (Stanley et al. 2003). DPEs can be mobilized in the plastic polymer, 

removed at the surface of the product by a variety of physical processes (Stanley 

et al. 2003), and are then able to migrate into the aquatic environment. Thus, 

DPEs have become ubiquitous and have been observed in many environmental 

media (e.g., Parkerton and Konkel 2000, Morin 2003, Mackintosh et al. 2004). 

One field study in particular measured environmental concentrations of DPEs in 

an aquatic food web and found their levels to be 10-1000 times greater than 

PCBs in the same samples (Mackintosh et al. 2004). 

The primary degradation products of DPEs are monoalkyl phthalate esters 

(MPEs) which are formed when one ester group is cleaved (Albro 1986) by 

hydrolysis from the DPE. MPE formation can occur through microbial processes 

in soil and sediment, both aerobically and anaerobically (Ejlertsson and 
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Svensson 1995), and in organisms by metabolic transformation (Webster 2003). 

MPEs can dissociate, and according to their estimated log acid dissociation 

constants of approximately 4.0 (Table 1), we would expect to see the MPEs 

mostly in their ionic form in the ecosystem of neutral pH. MPEs are not used 

commercially, and the only source of MPEs found in the environment is via the 

metabolism of DPEs. Laboratory studies have observed DPE metabolism and 

MPE production for some PE congeners in mammals and fish (Kluwe 1982, 

Barron et al. 1989, Barron et al. 1995, Webster 2003). Webster measured 

extensive DPE metabolism in the stomachs and intestines of fish, which created 

a pool of MPEs available for uptake or elimination (2003). 

The octanol-water partition coefficients (Kows) increase for both DPEs and 

MPEs with increasing molecular weights (MWs) of the individual congeners. Kows 

of DPEs range from 101.61 for dimethyl phthalate (DMP) to 109.46 for di-iso-decyl 

phthalate (C10) (Cousins and Mackay 2000, Staples et al. 1997). The estimated 

Kows for MPEs are lower than those for DPEs and range from 101.37 for 

monomethyl phthalate (MMP) to 105.79 for monodecyl phthalate (MC10P) in the 

non-ionized form (Table 1) (Peterson and Parkerton 1999). Given these 

measures of hydrophobicity, there is the potential for certain DPEs to biomagnify 

in the food web (Staples et al. 1997), but no such potential exists for the majority 

of MPEs. However, because DPEs have been measured in relatively high 

concentrations in the aquatic food web (Mackintosh et al. 2004) and because 

they are known to transform into their respective MPEs we expect to observe 

similarly elevated concentrations of MPEs in the food web. Field studies to 
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confirm this do not exist. Very little is known with regards to abundance and 

distribution of MPEs in the various components of the environment (Suzuki et al. 

2001). MPEs are potentially as widespread as their parent compounds (a more 

detailed literature review is included in Appendix 2). 

This paper is the fifth in a series of the distribution of DPEs and MPEs in a 

marine environment. Previous studies focused on the analytical methodology for 

DPEs (Lin et al. 2003), the distribution of individual DPE congeners and 

commercial mixtures in the organisms of an aquatic food web (Mackintosh et al. 

2004) and in water, suspended particulate matter, and sediment (Mackintosh et 

al. 2006), and the analytical methodology for MPEs (Blair et al. 2007 in 

preparation). In this paper we present a field study, which measures the 

environmental distribution of MPEs in a marine food web.  

Objectives 

The aim of this study is to: 

1. Determine environmental concentrations and distribution of MPEs in a 

range of environmental media and organisms of the aquatic food web 

2. Examine the parent-compound to metabolite concentration ratio 

3. Investigate the relationship between MPE concentration in each species 

and its trophic level in food web 
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METHODS 

Materials and Preparation 

Due to their widespread use, DPEs are commonly found in both sampling 

and analytical equipment, as well as in laboratory air and reagents. 

Consequently, reducing and determining the background contamination of 

samples is crucial for ensuring that environmental data on DPEs are acceptable, 

accurate, and of high quality. Many preparatory steps for cleaning field 

equipment were undertaken and are described in detail in Lin et al. 20031. HPLC 

grade solvents were used, hexane was doubly distilled and all glassware and 

aluminum foil used for collecting and storing samples were pre-cleaned following 

a detailed protocol before use. 

                                                    
1 It is valuable to read the full text of Lin, Z., M.G. Ikonomou, J. Hongwu, C.E. Mackintosh, and 
F.A.P.C. Gobas. 2003. Determination of phthalate ester congeners and mixtures by LC/ESI-MS in 
sediments and biota of an urbanized marine inlet. Environmental Science and Technology 37(10): 
2100-2108. Can be found at: http://pubs.acs.org/cgi-
bin/article.cgi/esthag/2003/37/i10/pdf/es026361r.pdf 
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Sampling Site 

The field sampling was conducted in False Creek Harbour (Figure 1) 

which has a mean depth of about 8m and is relatively well mixed (Mackintosh et 

al. 2004). False Creek is a small inlet of the Strait of Georgia, where the mean 

summer water temperature is 11°C, average salinity is 30ppt, and precipitation 

ranges from 90 to 200cm/year, and is located in downtown Vancouver, British 

Columbia, Canada (Mackintosh et al. 2006). The harbour is a heavily used area 

that encloses several marinas and is surrounded by urban infrastructure, both of 

which may act as sources of pollution into the water. PEs are closely associated 

with human use and as such we expect to observe elevated PE concentrations in 

False Creek Harbour. 

Sample Collection 

Water samples were collected in 4L amber glass bottles from mid-ocean 

depth (3-4m) using a 4m extendible stainless steel pole. Approximately 3ml of 

formic acid was added to each sample to reduce the pH of the water to 2.5. Ten 

samples were collected at random from False Creek. After collection, the bottles 

were sealed with a foil-lined lid, placed on ice, and then transferred to a 4°C 

refrigerator in the laboratory. The sample extraction occurred within 12 hours of 

collection.  

Surficial sediment samples were collected using a petit Ponar grab 

sampler and transferred onto aluminum foil. The top layer (0.5 to 1.0cm) was 

removed with a metal spoon and transferred into100ml glass jars, covered with 



 6 

aluminum foil, and sealed with a metal lid. Jars were immediately placed on ice 

and were then stored at -20°C in the dark prior to analysis. Ten samples were 

collected at random from False Creek. 

Approximately 10 individual samples of 7 marine organisms from various 

trophic levels in the food web were collected (exact sample sizes and scientific 

names are shown in Table 2 and food web interactions are shown in Figure 2). A 

subset of species was collected to represent various trophic levels and 

taxonomic groups in the False Creek marine food web, as well as variety in 

feeding strategies, body sizes, and life histories. Green macroalgae, blue 

mussels, softshell and dark-mahogany clams, Dungeness crabs, shiner perch, 

white-spotted greenling, and spiny dogfish were collected. 

Macroalgae, mussels, and clams were collected from intertidal regions 

during periods of low tide. Shiner perch were collected as juveniles using a gill 

net of ½ inch mesh size. Stainless steel crab and prawn traps with bait were 

used to collect crabs and white-spotted greenling. Dogfish were collected using a 

longline fishing system during incoming tides with help from a local fisherman. All 

biota samples were wrapped in aluminum foil or collected in jars and placed on 

ice in the field. The samples were stored frozen at -20°C in the lab prior to 

analysis. Bivalves and juvenile shiner perch were combined to obtain samples of 

5-10g. All samples were collected between July and September 2005. 



 7 

Sample Extraction and Analysis 

Each sample was analyzed for MPEs and DPEs. A detailed description of 

the methods used for the analysis of DPEs is provided in Lin et al. 20031 and 

Mackintosh et al. 20042 and for MPEs in Blair et al. 20073 in preparation. Sample 

extracts were analyzed for DPEs by low-resolution gas chromatography mass 

spectrometry (GC/LR-MS) for the quantification of the individual phthalate esters 

(i.e., DMP, DEP, DiBP, DnBP, BBP, DEHP, DnOP, and DnNP). After GC/MS 

analysis, the extract was analyzed by liquid chromatography electrospray 

ionization mass spectrometry (LC/ESI-MS) to quantify the isomeric commercial 

mixtures of phthalate esters (i.e., C6, C7, C8, C9, and C10) in all samples. 

Sample extracts were analyzed for MPEs by LC/ESI using tandem mass 

spectrometry (MS/MS) for the quantification of the individual phthalate 

monoesters (i.e., MMP, MEP, MnBP, MBzP, MnHP, MC7P, MEHP, MnOP, 

MC9P, MC10P) (full chemical names are listed in Table 1). 

Quantitation and Quality Assurance and Control (QA/QC) 

A detailed description of quantification using the internal standard isotope-

dilution method for identifying concentrations of 10 MPEs and 13 DPEs is 

                                                    
1 Can be found at: http://pubs.acs.org/cgi-bin/article.cgi/esthag/2003/37/i10/pdf/es026361r.pdf 
2 It is valuable to read the full text of Mackintosh, C.E., J. Maldonado, J. Hongwu, N. Hoover, A. 

Chong, M.G. Ikonomou, and F.A.P.C. Gobas. 2004. Distribution of phthalate esters in a marine 
aquatic food web: comparison to polychlorinated biphenyls. Environmental Science and 
Technology 38(7): 2011-2020. Can be found at: http://pubs.acs.org/cgi-
bin/article.cgi/esthag/2004/38/i07/pdf/es034745r.pdf 

3 It is valuable to read the full text of Blair, J., M.G. Ikonomou, and F.A.P.C. Gobas. 2007. 
Determination of monoester phthalate metabolites by LC/ESI-MS in sea water, sediment, and 
biota in an urbanized marine inlet. In preparation. Until published, contact corresponding author 
for a copy of this article (gobas@sfu.ca). 
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provided in Mackintosh et al. 20041. The recoveries of the PE isotope labeled 

surrogate internal standards were 72 to 94% (GC/MS analyses), and 71 to 96% 

(LC/MS analyses). Biological samples showed relatively low recoveries in some 

cases (e.g., crab hepatopancreas) and were re-analyzed to ensure accurate 

measurement of the concentration data. Minimum detectable amounts (MDAs), 

which correspond to the amount of chemical that produces a 3:1 signal-to-noise 

ratio, ranged from 0.09 to 2.0ng for individual MPEs, from 0.03 to 0.26ng for 

individual DPEs and DPE isomeric mixtures. 

Procedural blanks were used throughout the entire extraction and analysis 

process to ensure that background contaminants would not contribute to the 

reported environmental concentrations. Procedural blanks were especially 

important for DPE analysis because these compounds are ubiquitous and 

extremely difficult to remove from solvents and glassware. Each sample batch 

consisted of 2-3 procedural blanks and 4-10 matrix samples. Procedural blanks 

consisted of 500mL of spring water for the water samples and 10-20g of Ottawa 

sand (MPE batches) and sodium sulphate (DPE batches) for the sediment and 

biota samples. For each MPE and DPE batch, sample concentrations were blank 

corrected and method detection limits (MDLs) were calculated as the mean + 2 

standard deviations of the blanks (minimum and maximum MDLs for each matrix 

are in Table 3 for MPEs and in App.1 Table 1 for DPEs). Only the sample 

concentrations of DPEs and MPEs that exceeded the MDL in more than 30% of 

samples were included in further analyses and reporting. A value of ½MDL was 

                                                    
1 Can be found at: http://pubs.acs.org/cgi-bin/article.cgi/esthag/2004/38/i07/pdf/es034745r.pdf 
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used to replace remaining non-detect (ND) values for the reportable data. Mean 

MPE amounts (i.e., average of MPEs across all the batches) in the procedural 

blanks ranged from 0.07ng for MC9P to 24ng for MnBP (n=27) (Table 4). Mean 

DPE amounts in the procedural blanks ranged from 0.15ng for DnNP to 17ng for 

DEHP for GC/MS analysis (n=36) and from 4.8ng for C6 to 150ng for C8 (n=50) 

for LC/MS (App.1 Table 2). 

Table 4 shows that the percentage of samples with detectable 

concentrations that met the method detection limit in sediment ranged from 0% 

for MC7P and MEHP to 100% for MMP and MBzP, and in biota ranged from 3% 

for MC9P to 78% for MnBP (organisms are shown separately in App.1 Table 3). 

App.1 Table 2 shows that the percentage of samples with detectable 

concentrations that met the method detection limit in sediment is 100% for all 

DPE congeners and in biota ranged from 40% for DnNP to 84% for BBP and 

from 31% for C6 to 77% for C8 (organisms are shown separately in App.1 Table 

4). 

Trophic Position Calculation 

Nitrogen and carbon stable isotopes (i.e., δ15N and δ13C) were also 

measured in the sediment and biota samples. These signature 15N and 13C 

isotopes are calculated as the concentration ratio of 15N/14N and 13C/12C 

expressed relative to a standard. The δ15N and δ13C can be used to estimate 

trophic position because the δ15N of a consumer is typically enriched by 3-4‰ 

relative to its diet due to the preferential excretion of the lighter nitrogen isotope 
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(DeNiro and Epstein 1981, Minagawa and Wada 1984, Peterson and Fry 1987) 

and the δ13C changes very little as carbon moves through a food web (Rounick 

and Winterbourn 1986, Peterson and Fry 1987, France and Peters 1997). To 

analyze for nitrogen and carbon stable isotopes, approximately 35mg of freeze-

dried surficial sediment (n = 4) and 1mg (3mg for algae samples) of freeze-dried 

biota tissue (n = 4 for each species) were finely ground using an acid-washed 

mortar and pestle and were enclosed in 8 x 5mm tin capsules from Costech 

Technologies (Valencia, CA). The samples used for isotope analysis were the 

same as those analyzed for DPEs and MPEs. Samples were analyzed for natural 

abundance of stable nitrogen and carbon isotopes on a Costech 4010 Elemental 

Analyser coupled to a Thermo Delta Plus Advantage stable isotope ratio mass 

spectrometer. Details on the calculation of δ15N and δ13C are presented in 

Appendix 1 and measurements in sediment and all biota samples are reported in 

Table 5. 

Organic Carbon Contents 

Total organic carbon (TOC) was measured in sediment and all biota 

samples following Van Iperen and Helder (1985) and is reported in Table 5. 

Sediment and algae samples were oven dried at 50°C to a stable weight then 

homogenized with a mortar and pestle. Approximately 500mg of the dried 

samples were acidified in a clean crucible with 10ml of 1N HCL to remove 

carbonates. The acidified samples were then dried on a hot plate at 70°C 

overnight, followed by 2 hours in the oven at 105°C, and finally left open to room 
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temperature and humidity for 2 additional hours. Subsamples of approximately 3-

10mg were weighed into tin cups for analysis on the Control Equipment 

Corporation 440 Elemental Analyzer. Acetanilide standards, containing 71.09% 

carbon, were included in the batches and sample duplicates were analyzed. 

All other biota samples were oven dried at 50°C to a stable weight then 

homogenized with a mortar and pestle. Subsamples of approximately 5-8mg 

were weighed into tin cups for analysis on the Elemental Analyzer. Acetanilide 

standards, containing 71.09% carbon, were included in the sample batches and 

sample duplicates were analyzed. Organic carbon was expressed on a dry 

weight basis as g OC/g dry sample. 

Lipid Contents 

One to five grams of wet tissue from each biota sample were analyzed for 

lipid content and is reported in Table 5. Details of lipid content analysis can be 

found in Mackintosh et al. 20041. Lipid content was expressed on a wet weight 

basis as g lipid/g of wet sample. 

Lipid Equivalent Concentrations 

In this paper we present the concentrations of MPEs and DPEs in each 

species normalized to lipid contents. Observed wet weight concentrations (Cwet, 

ng/g wet tissue) were converted to lipid weight concentrations (Clipid, ng/g lipid) 

                                                    
1 Can be found at: http://pubs.acs.org/cgi-bin/article.cgi/esthag/2004/38/i07/pdf/es034745r.pdf 
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using: Clipid = Cwet/[ΦL + (ΦOC*0.035)] for biota, Clipid = Cwet/ [ΦL + (ΦOC*0.35)] for 

algae, Clipid = Cdry/ (ΦOC*0.35) for sediment, and Clipid = Cwet * Kow for water, 

where ΦL is the lipid fraction of the sampled tissue (g lipid/g wet tissue), 

ΦOC is the fraction of non-lipid organic carbon (g OC/g wet tissue) calculated by 

subtracting the lipid fraction from the total organic carbon fraction (both on a wet 

weight basis), 0.035 and 0.35 are proportionality constants relating the sorption 

properties of organic carbon to those of octanol, and Kow is the octanol-water 

partition coefficient. 

Food Web Magnification Factors 

FWMFs were calculated for each regression between log lipid MPE 

concentration and trophic level (δ15N) following the method used in Mackintosh et 

al. 20041. 

Data Analysis and Statistics 

All concentration data were tested for normality using the Kolmogorov-

Smirnov normality test. Standard deviations are reported along with means, 

unless otherwise specified. Other statistical methods are reported in each section 

of the results. 

                                                    
1 Can be found at: http://pubs.acs.org/cgi-bin/article.cgi/esthag/2004/38/i07/pdf/es034745r.pdf 
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RESULTS AND DISCUSSION 

MPE and DPE Concentrations in the Marine Food Web 

Kolmogorov-Smirnov normality tests revealed that both the MPE and DPE 

concentrations in the samples were log-normally distributed (results of normality 

tests can be found in App.1 Table 5 and App.1 Table 6 for MPEs and DPEs, 

respectively). Concentrations are presented in 10-based logarithm units in Table 

5 and in App.1 Table 8. 

 Water 
Concentrations of seven of the 10 MPE congeners were detected at levels 

above the MDL in the water samples whereas nine of the 13 DPE congeners 

were detected at levels above the MDL (Table 5). MPE concentrations in water 

ranged from 0.26ng/L for MnHP to 60ng/L for MEHP. MPE levels detected in 

water are comparable with those found by Suzuki et al. (2001) in the Tama River 

in Tokyo Japan (Table 6). Also, MPE concentrations in the water are 

approximately 6 orders of magnitude below available acute LC50s (Scholz 2003) 

(Table 7). 

DPEs were not measured in the water samples due to time constraints 

and to the high level of difficulty in accurately measuring these concentrations 

without contamination. For the purposes of comparison between MPE and DPE 

concentrations in the water samples, we refer to measurements of DPEs in water 
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samples from a similar field study (see data from Mackintosh et al. 2004 in Table 

5). Although variability will occur, we believe the use of these data is justified for 

our purposes. Both studies took place at the same site and the field sampling 

and analytical techniques were identical for the two studies. However, we have 

not detected similarities or changes (increases or decreases) with any 

consistency between the two studies and have therefore attributed these 

observations to natural variability in the DPE concentrations over time. 

 Sediment 
Concentrations of eight of the 10 MPE congeners were detected at levels 

above the MDL in the sediment samples whereas all of the 13 DPE congeners 

were detected at levels above the MDL (Table 5). Concentrations are presented 

on a wet weight basis (Table 5) and on dry weight basis (App.1 Table 8). MPE 

concentrations in sediment ranged from 0.04ng/g ww (0.10 ng/g dw) for MnHP to 

4.0ng/g ww (11 ng/g dw) for MnBP. 

DPE concentrations in sediments ranged from 1.1ng/g ww (2.9 ng/g dw) 

for C6 to 610ng/g ww (1600 ng/g dw) for C8. DPE concentrations in False Creek 

sediment are statistically less than (for DMP, DnBP, DEHP, C6, C7, C10), more 

than (forDnNP, C9), and the same as (for DEP, DiBP, BBP, DnOP, C8) DPE 

concentrations previously reported in False Creek sediment from a similar food 

web study (Mackintosh et al. 2004) (see results of statistical comparisons in 

Table 8). It is not clear whether sediment concentrations from the two studies are 

different from or equal to each other because there is not a consistent pattern 

among DPE congeners. These inconsistencies are most likely attributable to 
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natural variability and not to sampling error since the field sampling and analytical 

techniques were the same for both studies, as discussed above. Figure 4 

provides a visual comparison of DPEs in sediment for the two studies; although 

some variability between sampling year is evident, concentrations for the same 

congeners never differ by more than one order of magnitude. 

 Organisms 
Concentrations of the 10 MPE congeners were detected at levels above 

the MDL in less than a third of the biota samples whereas the 13 DPE congeners 

were detected at levels above the MDL in more than three quarters of the 

samples (Table 5). Concentrations are presented on a wet weight basis (Table 5) 

and on a lipid equivalent basis (App.1 Table 8). Certain congeners (i.e., high MW 

congeners: MnOP, MC9P, MC10P) were consistently non-detectable in biota 

samples and MPEs were never detected in dogfish muscle. MPE concentrations 

ranged from 0.05ng/g ww (2.9 ng/g lw) for MnHP in shiner perch to 200ng/g ww 

(39000 ng/g lw) for MnBP in mussels. Apart from MnBP, the MPEs that were 

present in the highest concentrations were MEP (7.5ng/g ww; 1300 ng/g lw) and 

MMP (6.9ng/g ww; 1300 ng/g lw) in mussels. 

DPE concentrations ranged from 0.05ng/g ww for DMP in Dungeness crab 

to 2000ng/g ww for C8 in dogfish (Table 5) (distribution is shown in Figure 3). On 

a lipid weight basis, DPE concentrations ranged from 4.7ng/g lw for DMP in 

white-spotted greenling to 66000ng/g lw for C8 in algae (App.1 Table 8). Apart 

from C8, the DPEs that were present in the highest concentrations were DnBP, 

DEHP, C9, and C10 in various organisms. Similar to DPE concentrations in 
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sediment, DPEs in biota of False Creek show no consistent pattern when 

compared to DPE concentrations previously reported in False Creek biota from a 

similar food web study (Mackintosh et al. 2004). Figure 4 provides a visual 

comparison of DPE concentrations in clams and dogfish (as examples of biota), 

as well as in sediment, from the present study and from Mackintosh et al. 2004. 

This figure shows the range of variability in DPE concentrations that was 

detected; when all congeners are grouped together, sediments have significantly 

higher DPE concentrations in 1999 than in 2005, dogfish have significantly higher 

DPE concentrations in 2005 than in 1999, and clams are statisfically equal.  

Parent Compound – Metabolite Relationship 

To further investigate the presence of MPEs in the environment we 

present a comparison of the distribution of MPEs to DPEs in the various levels of 

the food web. Figure 5 illustrates the relative composition of MPEs and DPEs in 

water, sediment, mussels, and juvenile shiner perch. PEs are mainly in the 

diester form in water and in sediment whereas the monoester forms are more 

dominant in certain organisms, but only for lower MW congeners (Figure 5).DPE 

concentrations are significantly higher than MPE concentrations in the water 

except for the lowest MW congener (methyl) which is significantly higher for the 

MPE (results of statistical tests are in Table 9). Similarly, DPE concentrations are 

significantly higher than MPE concentrations in the sediment (Table 9). In 

contrast, with the exception of benzyl, MPE concentrations are significantly 

higher than DPE concentrations in the mussels at low MWs (e.g., methyl p = 
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<0.001) but the opposite is true for high molecular weight MPEs and DPEs (e.g., 

ethylhexyl p = <0.001) (Table 9). Similarly, in perch DPE concentrations are 

significantly higher than corresponding MPE concentrations at high MWs (e.g., 

ethylhexyl p = <0.001) but at low MWs only butyl (p = 0.001) has significantly 

higher MPE concentrations than DPE concentrations (Table 9). 

We are not able to present useful patterns for the other organisms in the 

food web as well as for these two organisms, a result of the large number of 

NDs. However, upon examination of the MPE/DPE concentration ratios 

calculated for each parent-metabolite congener pair in each matrix, the remaining 

organisms seem to follow the same general pattern as the mussels and perch, 

where concentrations have been reported (i.e., decreasing MPE/DPE 

concentration ratios with increasing MW) (Table 10). 

Similar to mussels and perch, an increase in the MPE/DPE ratio from 

water and sediment to biotic organisms continues through the remaining 

organisms of the food web and is more clearly demonstrated when we focus on a 

single congener (parent-metabolite pair). Figure 6 shows that DnBP is the 

dominant PE form in water, sediment, and algae whereas MnBP is this dominant 

form for the remaining organisms of the food web. This figure suggests that the 

organisms of the food web, specifically the consumer organisms (i.e., excluding 

algae), have metabolic capacities for degrading DnBP to MnBP. Other studies 

have reported rapid metabolism of DPEs to MPEs in biological organisms (e.g., 

Webster 2003, Kluwe 1982). Yet, it has been shown that mixed microbial 

populations, which are typically found in the environment, are capable of 
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completely mineralizing PEs (Kurane 1986). It is therefore possible that we 

observe relatively low MPE levels in water and sediment because the MPEs are 

further degraded to phthalic acid which can be used by the microbes as a carbon 

source. 

However, this trend does not appear to hold true for all congeners. Figure 

8 shows that the MEHP/DEHP composition in water samples is similar to that in 

organisms of the food web where MPE/DPE concentrations were detected. This 

result suggests that the organisms have decreased metabolic capacities for 

degrading DEHP to MEHP. Thus, we conclude that the organisms of the food 

web are capable of metabolizing low MW DPEs to MPEs but are not as capable 

at metabolizing the high MW DPE congeners. This discrepancy reflects the 

preferential degradation associated with low MW (and short, unbranched alkyl 

chain) compounds (e.g., DnBP vs. DEHP), which has been reported in various 

sediment and soil DPE biodegradation studies (e.g., Cartwright et al. 2000, Yuan 

et al. 2002, Staples et al. 1997). However, it is also possible that the high MW 

MPEs are further transformed from free monoesters into oxidized and 

glucoronidated forms by the organisms, which are not detected. 

MPE Distribution in the Food Web 

Linear regression analyses showed no statistically significant relationships 

between the lipid equivalent log concentrations for any of the MPEs and δ15N 

(i.e., p > 0.05) (Table 11). Food web magnification factors (FWMFs) ranged from 

0.22 (0.03-1.6; lower-upper 95% confidence limits) for MC7P to 1.6 (0.17-15) for 
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MnBP (Table 11). The FWMFs for some MPEs had large confidence intervals 

which are most likely due to the small number of points used to calculate the 

slopes, a result of removing ND data from analyses. Linear regressions for MEP, 

MnBP, MC7P, and MEHP are plotted in Figure 8; sample size is too small 

because of the large number of NDs to perform regressions for the other MPEs. 

Results of linear regression analyses for DPEs can be found in App.1 Table 7. 

The regression lines appear to be flat for MEP, MnBP, and MEHP, an 

indication of little change in concentration throughout the food web and in fact 

their slopes are not significantly different from zero (MEP, p = 0.69; MnBP, p = 

0.63; MEHP, p = 0.91). Although the regression line for MC7P appears to be 

declining with increasing trophic level or δ15N (Figure 8), the slope of this line is 

not significantly different from zero either (MC7P, p = 0.08) (Table 11). These 

results indicate that MPEs do not biomagnify in the food web. This conclusion is 

consistent with our hypothesis that MPEs have no potential to biomagnify and 

those that have been previously proposed by other researchers (e.g., Peterson 

and Parkerton 1999, Scholz 2003). 

Furthermore, we focus again on the consumer organisms of the food web, 

but with emphasis on the metabolism of MPEs instead of DPEs. Slopes resulting 

from linear regression between lipid equivalent log concentrations of each MPE 

and δ15N are greater when analyses are performed only for the consumer 

organisms of the food web (Figure 9 and Table 11) as compared to the linear 

regressions that included sediment and algae samples (Figure 8). Negative 

slopes are greater for each of the three MPEs (e.g., MEP: slope changes from -
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0.06 to -0.27, MnBP: from 0.06 to -0.28, MEHP: from 0.01 to -0.15) (Table 11). A 

negative slope significantly different from zero is indicative of trophic dilution, 

whereby concentrations of substances primarily absorbed via the diet decline 

with increasing trophic level, typically a result of metabolic transformation 

(Mackintosh et al. 2004). However, regression analysis indicates that apart from 

MnBP (p = 0.03), these correlations are not significantly different from zero 

(Table 11). Thus, there is no evidence of biomagnification or trophic dilution of 

MPEs in the food web, except for MnBP which shows trophic dilution for the 

consumer organisms. 

The lack of MPE biomagnification is likely due to rapid MPE metabolism 

and/or efficient elimination. MPEs are relatively water soluble compounds (and 

have fairly low Kows; see Table 1) which means that they are able to eliminate to 

the water rather quickly. It is also possible that MPEs are being easily 

metabolized in the organisms. The combination of relatively rapid elimination and 

metabolic transformation negates any potential biomagnification. 
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CONCLUSIONS 

1. We detected MPEs in most phases of the marine aquatic food web; 

almost all MPEs were found in water and sediment, and certain MPE 

congeners were found in all organisms of the food web, except the 

dogfish, which has the highest trophic status. 

2. Variability among replicate samples was large and NDs were frequent, 

especially for high MW congeners (i.e., MnOP, MC9P, MC10P) and for 

high trophic level organisms (i.e, white-spotted greenling, dogfish). 

3. The highest detectable concentrations of MPEs were observed at 200 

ppb wet weight for MnBP in mussels. High concentrations were also 

observed for MMP, MEP, and MEHP. 

4. The relative composition of MPEs in PE concentrations is low in the 

water, sediment, and algae. This may indicate that microorgamisms in the 

water and sediment are completely degrading MPEs. 

5. The relative composition of MPEs in PE concentrations is high for some 

consumer organisms in the food web, but only for low MW congeners; 

this suggests that the consumer organisms are able to metabolize DPEs 

to MPEs for these congeners. 
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6. The data show no correlation between the lipid equivalent log 

concentrations of each MPE and δ15N; this implies that MPEs do not 

biomagnify in the aquatic food web. MPEs do not biomagnify because 

they are relatively water soluble and are therefore rapidly metabolized in 

the organisms and/or efficiently eliminated. 

7. MPEs do not show trophic dilution either, with the exception of MnBP. 

The data suggest that consumer organisms in the food web have 

increasingly efficient MnBP metabolism as trophic level increases and/or 

the concentrations of MnBP in their prey items have increasingly lower 

concentrations as trophic level increases. 

8. MPEs are not commercially used and there is no source of MPEs to the 

environment. We detect much higher concentrations of DPEs than MPEs 

in the water and sediment although DPEs are very hydrophobic and 

MPEs are less hydrophobic and ionized. This result suggests that the 

primary source of MPEs to the environment is from dietary DPE uptake 

(from many DPE sources) and subsequent DPE metabolism to produce 

MPEs, as has been previously reported. 
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RECOMMENDATIONS AND FURTHER RESEARCH 

This study is one component of a larger PE research project. The 

information learned from this MPE environmental distribution study will be used 

in a PE fate model that will provide the necessary tools to monitor and predict the 

behaviour of PEs in the environment and assess the costs and benefits of PE 

production, import, and use in Canada. 

To date we have found that DPEs and now MPEs are readily transformed 

in the organisms of the aquatic food web and we have evidence suggesting that 

DPE metabolism is the main if not the only source of MPEs to the environment. 

Although DPEs and MPEs appear to be quickly eliminated, theoretically a steady 

state may be reached because of chronic and repetitive low level exposure 

resulting from dietary ingestion of DPEs which come from many commonly used 

products. In other words, a continual influx of DPEs could lead to a continuous 

production of MPEs in the environment. If production and release of DPEs into 

the environment increases substantially over years, concentrations of both DPEs 

and MPEs will increase in the various components of the food web. 

The final model will be very useful in predicting the outcome of different 

production volume scenarios. However, we need to have a benchmark to which 

we can compare environmental concentrations in order to assess toxicological 

risk. For this reason, I recommend continued toxicity testing of MPEs (and other 
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PE metabolites) to generate reliable and useful toxic endpoints for a range of 

organisms because very few acute or chronic toxicity data are available for 

MPEs, as was previously discussed. Although MPEs and DPEs do not 

biomagnify, they are detected in various organisms of the food web, PE 

concentrations may become high enough to trigger certain toxic effects, and the 

total PE body burden (DPE+MPE) may also be of concern. In addition, with 

increased toxicity data, we could also establish meaningful water quality 

guidelines. We could use what we now know about DPEs and MPEs along with 

toxicity data to create these maximum threshold water concentrations set to 

protect the system at any desired level. 

Regardless of the results of this study, we feel that metabolic compounds 

in general merit more attention than they receive, in terms of regulation. This 

study has helped to further our understanding of the parent compound-metabolite 

relationship for PEs and demonstrates that it is important to look beyond the 

parent chemical and to consider the metabolic forms in terms of their 

persistence, bioaccumulation potential, and toxicity. We recommend that 

metabolites be screened under CEPA following the same protocol as their parent 

compounds. 

In conjunction with previous PE work and research that is currently taking 

place, this study has the potential to provide valuable information to PE 

manufacturers and help regulators (e.g., Environment Canada and Health 

Canada) address the environmental impacts of this class of industrial pollutants. 
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FIGURES AND TABLES 

Table 1 Molecular weight (g/mol), aqueous solubility (mg/L), log octanol-water 
partition coefficient (Kow), and log acid dissociation constant (pKa) of selected 
MPEs from Peterson and Parkerton (1999) 

Chemical  Molecular 
weight 

Aqueous 
solubility 

1

Log 
Kow 

Log acid 
dissociation 

Monomethyl MMP 180.2 3738 1.37 3.6 

Monoethyl MEP 194.2 1212 1.86 4.2 

Mono-n-butyl MnBP 222.2 126 2.84 4.2 

Monobenzyl MBzP 256.3 52 3.07 4.2 

Mono-n-hexyl MnHP 250.3 12.8 3.85 4.2 

Monoheptyl MC7P NR NR NR NR 

Mono-2-ethylhexyl MEHP 278.3 1.49 4.73 4.2 

Mono-n-octyl MnOP NR NR NR NR 

Monononyl MC9P 292.4 0.408 5.30 4.2 

Monodecyl MC10P 306.4 0.129 5.79 4.2 

                                                    
1 Aqueous solubility, log Kow, and log acid dissociation values are estimated using ASTER and 

EPIWIN models in Peterson and Parkerton 1999. Log Kow is calculated for MPEs in the 
unionized form. NR = not reported. 
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Figure 1 Map of field site: False Creek Harbour, Vancouver, BC1 

 

                                                    
1 Modified from Mackintosh et al. 2004 by permission. 
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Table 2 Description, scientific names, and the number of samples collected for each of 
the marine organisms sampled in False Creek Harbour, British Columbia 

Common Name Description Scientific Name n 

Green Alga Primary producer Prasiola meridionalis 8 

Blue Mussel Filter feeder Mytilus edulis 10 

Softshell Clam 

(Dark-Mahogany Clam) 

Deposit feeder Mya arenaria 

(Nuttallia obscurata) 

10 

Dungeness Crab Benthic invertebrate Cancer magister 13 

Shiner Perch Forage fish Cymatogaster 
aggregata 

7 

White-Spotted Greenling Predatory fish Hexogrammos 
stelleri 

9 

Spiny Dogfish Slow-growing and long-
lived omnivorous shark 

Squalus acanthias 12 

 

blue mussels

green algaeplankton

juvenile shiner perch

spiny dogfish shark

softshell clams

white-spotted greenling

Dungeness crabs

blue musselsblue mussels

green algaegreen algaeplanktonplankton

juvenile shiner perchjuvenile shiner perch

spiny dogfish sharkspiny dogfish shark

softshell clamssoftshell clams

white-spotted greenlingwhite-spotted greenling

Dungeness crabsDungeness crabs

 
Figure 2 Generalized trophic linkages among 8 marine organisms, 7 of which were 

collected from False Creek Harbour. Modified from Mackintosh et al. 2004 by 
permission 
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Table 3 Minimum and maximum1 MDLs for MPEs in water samples (ng/L), sediment 
samples (ng/g wet weight = w; dry weight = d), and organisms (ng/g wet 
weight) 

 WT2 SDw SDd GA BM SC DCM DCH jSP WG DFM DFL 

MMP 1.6 0.46 1.2 0.078-
0.71 

3.1 0.39-
8.6 

0.078-
2.0

0.39-
3.5 

0.078-
1.8

0.078-
1.8 

0.26-
4.5 

2.6-
39 

MEP 7.9 0.64 1.7 0.18-
0.20 

5.4 0.89-
0.99

0.20-
0.69

0.89-
0.99 

0.20-
0.66 

0.20-
0.66 

0.66-
0.87

6.6-
8.7 

MnBP 67 5.5 14 2.6-
4.2 

7.9 13- 
21 

3.1-4.2 13- 
21 

2.7-
3.8

3.1-
3.8 

7.9- 
12 

89-
130 

MBzP 8.8 0.042 0.11 0.063-
0.066 

0.33 0.32-
0.33

0.066 0.32-
0.87 

0.066-
0.20 

0.066 0.22-
0.65

0.68-
2.2 

MnHP 0.22 0.032 0.084 0.011 0.65 0.056-
0.88

0.011 0.056-
0.19 

0.011-
0.020 

0.011 0.037-
0.068

0.37-
1.3 

MC7P 5.9 0.068 0.18 0.033 0.73 0.092-
0.53

0.0072-
0.018

0.092-
0.17 

0.018-
0.040 

0.018-
0.033 

0.11-
0.13

1.1-
41 

MEHP 10 0.92 2.4 0.66-
0.82 

1.8 2.7-
4.1 

0.54-
1.7

2.7-
4.1 

0.54-
1.5

0.54-
1.5 

1.0-
4.1 

8.7-
21 

MnOP 9.2 0.093 0.24 0.027 0.49 0.14-
0.81

0.027 0.14-
0.83 

0.027-
0.26 

0.027 0.091-
0.87

0.91-
9.4 

MC9P 0.19 0.012 0.032 0.024 0.12 0.12 0.024 0.12 0.024-
0.28 

0.024 0.080-
0.94

0.80-
6.9 

MC10P 0.18 0.015 0.039 0.073-
0.13 

0.67 0.67 0.13 0.67 0.13-
0.21 

0.13 0.45-
0.69

4.5-
39 

 

                                                    
1 MDLs for each medium and each congener are presented as a range across all batches. 
2 Media: WT = water; SD = sediment; w = wet weight, d = dry weight; GA = green algae; BM = 

blue mussel; SC = softshell clam; DC = Dungeness crab; M = muscle, H = hepatopancreas; jSP 
= juvenile shiner perch; WG = white-spotted greenling; DF = spiny dogfish; L = liver. 
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Table 4 Mean amount (ng) of MPEs in sodium sulphate procedural blanks for sediment 
and biota sample analyses, 2 standard deviations of the blanks, method 
detection limits defined as the mean blank amount + 2 standard deviations, 
and number of samples meeting method detection limits 

Amount in blanks Number of samples > 
MDL (%) 

Type of 
machine 
analysis 

 

Mean 
(ng) 

2 StD 
(ng) 

MDL 
(ng) 

Sediment Biota 

 (n=27)1   (n=10)2 (n=94) 

MMP 4.5 8.4 12.9 10 (100%) 29 (31%) 

MEP 1.4 4.4 5.8 9 (90%) 39 (41%) 

MnBP 24 20 44 5 (50%) 73 (78%) 

MBzP 0.11 0.55 0.66 10 (100%) 16 (17%) 

MnHP 0.23 0.82 1.05 4 (40%) 20 (21%) 

MC7P 0.23 0.77 1.00 0 (0%) 50 (53%) 

MEHP 4.9 5.1 10.0 0 (0%) 39 (41%) 

MnOP 0.43 1.3 1.7 5 (50%) 4 (4%) 

MC9P 0.068 0.60 0.67 9 (90%) 3 (3%) 

 

 

 

 

LC/MS 

MC10P 0.16 0.98 1.14 9 (90%) 5 (5%) 

 

                                                    
1 n refers to the total number of blanks that were analysed for sediment and biota (all batches 

combined). 
2 n refers to the total number of sediment or biota (all grouped) samples that were analysed. 
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Table 5 Mean biological parameters (length (cm), weight (g), tissue type, total organic 
carbon content (%), lipid content (%), δ15N (‰), δ13C (‰)) and the geometric 
mean phthalate monoester and diester concentrations (water: ng/L, sediment: 
ng/g wet weight, biota: ng/g wet weight) for water, sediment, and seven marine 
organisms collected from False Creek Harbour, Vancouver, British Columbia 

Biological Parameters 

Media1 WT SD GA BM SC DCM DCH jSP WG DFM DFL 

Length NA NA NA NR NR 15 NA 8 25 78 NA 

Weight NA NA NA NR NR NR NR NR NR 1900 NR 

Tissue2 NA NA NA W W M H W M M L 

%TOC NR 2.9 26 41 38 423 48 38 48 55 72 

StD  0.24 1.9 1.2 4.9 2.0 4.8 6.7 1.8 3.3 2.4 

%lipid NA NA 0.20 0.47 0.27 0.13 7.5 1.6 1.5 9.0 68 

StD  NA 0.10 0.31 0.15 0.12 4.6 1.2 0.43 3.4 8.1 

δ15N‰ NA 4.3 5.5 7.9 8.3 11 NA 12 13 14 NA 

StD  0.28 0.69 0.39 0.22 0.99  0.28 0.19 0.20  

δ13C‰ NA -21 -16 -22 -21 -18 NA -18 -17 -20 NA 

StD  0.85 2.0 0.31 0.32 0.17  0.99 0.35 0.62  

                                                    
1 Media: WT = water; SD = sediment; GA = green algae; BM = blue mussel; SC = softshell clam; 

DC = Dungeness crab; M = muscle, H = hepatopancreas; jSP = juvenile shiner perch; WG = 
white-spotted greenling; DF = spiny dogfish; L = liver. 

2 Tissue types: W = whole body; M = muscle; H = hepatopancreas; L = liver. NA = not applicable; 
NR = not reported; ND = not detected; StD = standard deviation; TOC = total organic carbon. 
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MPEs 

 WT SD GA BM SC DCM DCH jSP WG DFM DFL 

MMP 9.4 1.8 0.90 6.9 ND ND ND ND ND ND 8.5 

StD 2.6 1.6 14 1.8       3.4 

MEP 10 1.2 ND 7.5 ND 2.8 4.5 0.92 ND ND ND 

StD 2.1 2.0  2.0  3.8 7.1 4.4    

MnBP 32 4.0 3.7 200 79 61 160 82 13 ND ND 

StD 1.6 1.8 1.9 2.1 3.0 2.1 3.1 2.9 2.6   

MBzP ND 0.90 ND 0.64 ND ND ND 0.54 ND ND ND 

StD  2.6  2.6    5.7    

MnHP 0.26 0.037 ND 0.73 ND ND ND 0.053 ND ND ND 

StD 1.9 3.3  1.4    17    

MC7P ND ND ND 1.9 0.43 0.20 0.46 0.79 ND ND ND 

StD    1.3 2.9 6.3 4.5 2.3    

MEHP 60 ND 0.40 2.7 2.4 1.0 2.2 1.8 ND ND ND 

StD 2.3  1.4 1.4 1.6 1.6 2.1 3.6    

MnOP ND 0.072 ND ND ND ND ND ND ND ND ND 

StD  1.6          

MC9P 0.65 0.13 ND ND ND ND ND ND ND ND ND 

StD 13 5.8          

MC10P 3.8 0.050 ND ND ND ND ND ND ND ND ND 

StD 1.5 2.5          
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DPEs 

 WT1 SD GA BM SC DCM DCH jSP WG DFM DFL 

DMP 3.7 3.9 0.33 0.14 0.19 0.051 0.47 0.26 0.071 ND ND 

StD 1.8 1.4 4.1 1.3 2.1 1.7 1.3 1.7 1.4   

DEP 120 8.2 ND 1.7 2.1 0.91 4.5 6.2 0.70 25 160 

StD 3.1 2.7  1.9 2.4 2.6 1.3 1.9 1.6 3.1 2.2 

DiBP 5.3 2.1 ND 0.78 0.46 0.24 2.0 1.8 0.35 6.9 ND 

StD 1.8 1.4  2.1 2.0 1.6 1.4 2.5 1.6 2.1  

DnBP 110 15 20 3.4 2.3 1.7 15 11 2.1 29 ND 

StD 1.8 1.2 1.3 1.5 2.4 1.5 1.4 1.9 1.4 2.6  

BBP ND 15 9.9 1.4 3.1 1.1 10 7.9 1.3 16 180 

StD  1.6 2.1 1.8 2.6 1.6 2.1 2.0 1.4 2.9 2.2 

DEHP 250 310 260 25 42 7.9 45 43 7.3 58 1100 

StD 1.3 1.3 2.9 2.8 2.5 1.7 1.4 1.6 1.6 4.4 3.5 

DnOP 9.8 13 6.2 0.35 1.6 0.21 ND 1.2 ND 1.5 27 

StD 2.4 1.6 4.4 1.9 3.8 8.1  4.8  6.9 5.8 

DnNP 23 49 7.6 0.50 8.3 ND ND ND ND 0.63 ND 

StD 3.2 1.5 3.0 4.6 3.4     10  

C6 8.6 1.1 ND 0.21 ND 0.32 ND 5.3 1.1 12 ND 

StD 1.7 1.5  2.7  3.0  1.3 1.9 1.9  

C7 ND 11 24 0.53 0.73 0.59 ND 44 3.0 55 550 

StD  1.5 1.8 3.3 3.0 3.3  4.7 1.8 2.6 4.4 

C8 ND 610 570 54 71 26 240 480 56 2000 37000 

StD  1.3 1.6 2.2 2.7 1.7 2.9 4.1 2.7 1.9 3.0 

C9 ND 400 330 12 48 ND 27 ND 4.9 270 1600 

StD  1.2 2.3 1.5 2.1  3.5  1.9 2.4 4.4 

C10 67 86 91 6.8 14 1.8 21 57 ND 150 ND 

StD 1.8 1.3 2.6 2.2 2.1 3.9 3.6 4.0  3.2  

 

                                                    
1 DPE water data were not measured in current study. Source: Mackintosh et al. 2004. 
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Table 6 Observed minimum and maximum MPE concentrations (ppb) in marine water 
from False Creek from the present study and in fresh water from the Tama 
River in Tokyo 

Study Site MMP MEP MnBP MEHP MnOP 

Tama River1 0.061-0.34 ND 0.012-0.48 0.021-1.3 ND 

False Creek 0.0093-0.020 0.0056-0.035 0.011-0.051 0.035-0.56 ND 

 

Table 7 Comparison of water concentrations (ppm) from the present study with 
measured acute LC/EC50s for several MPE congeners 

Study Site  MnBP MEHP MC9P 

Lab test2 LC50 (96 hr) 133 62 40 

 EC50 (72 hr) 134 NR ≥ 51 

False Creek Water Conc. 1.1x10-05 – 
5.1x10-05 

3.5x10-05 – 
5.6x10-04 

9.3x10-08 – 
2.9x10-05 

 

Table 8 Results of statistical tests between present study (P) and Mackintosh et al. 
2004 (M) for DPEs in sediment samples 

t-test results DMP DEP DiBP DnBP BBP DEHP DnOP DnNP 

p value <0.001 0.49 0.05 <0.001 0.09 <0.001 0.08 <0.001 

Interpretation M>P M=P M=P M>P M=P M>P M=P P>M 

t-test results C6 C7 C8 C9 C10    

p value <0.001 <0.001 0.09 <0.001 <0.001    

Interpretation M>P M>P M=P P>M M>P    

 

                                                    
1 Source: Suzuki et al. 2001. ND = non detect. 
2 LC50 data are for Cyprinus carpio (common carp) fish; EC50 data are for Scenedesmus 

subspicatus (alga species). Source: Scholz 2003. NR = not reported. 
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Figure 3 Distribution of geometric mean (and standard deviation) DPE concentrations 

(ng/g wet weight) among organisms in False Creek (mean MDL levels are 
shown for non-detect DPEs as empty white cells) 
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Figure 4 Distribution of geometric mean (and standard deviation) DPE concentrations 

(ng/g wet weight) in sediment, clams, and dogfish from the present study 
(labelled 2005) and Mackintosh et al. 2004 (labelled 1999) (mean MDL levels 
are shown for non-detect DPEs as empty white cells) 
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Figure 5 Relative composition of MPEs (black) and DPEs (grey) for a range of PE 

congeners (increasing molecular weight from left to right) for water, sediment, 
mussel, and perch samples (MPE MDLs are shown for non-detect MPEs; 
empty cells indicate that both the MPE and DPE are non-detect) 



 41 

Table 9 Results of statistical tests (two sample t-tests) testing whether MPE 
concentrations (M) are greater than or less than DPE concentrations (D) for 
individual congeners in water, sediment, mussels, and perch 

 Water Sediment Mussels Perch 

 p value result p value result p value result p value result 

Methyl 0.012 M>D <0.001 D>M <0.001 M>D ND  

Ethyl <0.001 D>M <0.001 D>M <0.001 M>D 0.007 D>M 

Butyl <0.001 D>M <0.001 D>M <0.001 M>D 0.001 M>D 

Benzyl ND  <0.001 D>M 0.020 D>M 0.003 D>M 

Hexyl <0.001 D>M <0.001 D>M 0.002 M>D 0.003 D>M 

Heptyl ND  ND  0.006 M>D <0.001 D>M 

Ethyl-
Hexyl 

<0.001 D>M ND  <0.001 D>M <0.001 D>M 

Octyl ND  <0.001 D>M ND  ND  

Nonyl 0.001 D>M <0.001 D>M ND  ND  

Decyl <0.001 D>M <0.001 D>M ND  ND  

Table 10 Calculated MPE/DPE concentration ratios for a range of PE congeners in 
water, sediment, and organisms from False Creek Harbour; non-detect (ND) 
indicates cases where the MPE, DPE, or both are ND 

 WT1 SD GA BM SC DCM DCH jSP WG DFM DFL 

MMP/DMP 2.6 0.45 2.7 50 ND ND ND ND ND ND ND 

MEP/DEP 0.089 0.15 ND 4.5 ND 3.0 1.0 0.15 ND ND ND 

MnBP/DnBP 0.29 0.27 0.19 60 34 35 11 7.6 6.2 ND ND 

MBzP/BBP ND 0.060 ND 0.45 ND ND ND 0.068 ND ND ND 

MnHP/C6 0.030 0.033 ND 3.5 ND ND ND 0.010 ND ND ND 

MC7P/C7 ND ND ND 3.5 0.59 0.33 ND 0.018 ND ND ND 

MEHP/DEHP 0.24 ND 0.0015 0.11 0.057 0.13 0.049 0.042 ND ND ND 

MnOP/DnOP ND 0.0057 ND ND ND ND ND ND ND ND ND 

MnOP/C8 ND 0.00012 ND ND ND ND ND ND ND ND ND 

MC9P/DnNP 0.028 0.0027 ND ND ND ND ND ND ND ND ND 

MC9P/C9 ND 0.00033 ND ND ND ND ND ND ND ND ND 

MC10P/C10 0.056 0.00058 ND ND ND ND ND ND ND ND ND 

                                                    
1 Media: WT = water; SD = sediment; GA = green algae; BM = blue mussel; SC = softshell clam; 

DC = Dungeness crab; M = muscle, H = hepatopancreas; jSP = juvenile shiner perch; WG = 
white-spotted greenling; DF = spiny dogfish; L = liver. 
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Figure 6 Relative composition of MBP (black) and DBP (grey) for water, sediment, and 

collected organisms of the False Creek food web (increasing trophic level 
from left to right) (MPE MDLs are shown for non-detect MPEs) 
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Figure 7 Relative composition of MEHP (black) and DEHP (grey) for water, sediment, 

and collected organisms of the False Creek food web (increasing trophic level 
from left to right) (MPE MDLs are shown for non-detect MPEs) 
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Table 11 Statistical results of regression analysis between log MPE concentration and 
δ15N (i.e., slope, p value of slope, Y-intercept, and r2) and food web 
magnification factors (FWMF) (lower – upper 95% confidence interval)1 

 Log 
Kow 

n Slope p value Y 
intercept 

r2 FWMF Lower-Upper 
95% CI 

4 -0.06 0.69 6.0 0.10 0.65 0.01 – 36 MEP 1.86 

32 -0.27 0.47 8.3 0.55 0.12 3E-12 – 5E9 

7 0.06 0.63 6.1 0.05 1.6 0.17 – 15 MnBP 2.84 

5 -0.28 0.03 9.8 0.83 0.11 0.02 – 0.72 

MC7P 

 

NR 4 -0.19 0.08 6.9 0.85 0.22 0.03 – 1.6 

5 0.01 0.91 5.3 0.005 1.1 0.09 – 14 MEHP 4.73 

4 -0.15 0.31 7.0 0.48 0.31 0.01 – 13 

 

                                                    
1 p values in bold print represent statistically significant increases or decreases of the lipid 

equivalent concentration (i.e., <0.05). 
2 Second row of values for MEP, MnBP, and MEHP are results of regressions with algae and/or 

sediment samples removed. 
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Figure 8 Lipid equivalent log concentrations of MEP, MBP, MC7P, and MEHP in 

sediments and biota as a function of δ15N (‰). Solid line indicates least sum of 
squares regression between lipid equivalent log concentration and δ15N. Open 
circles indicate sediment (δ15N = 4.3) and algae (δ15N = 5.5) samples 
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Figure 9 Lipid equivalent log concentrations of MEP, MBP, MC7P, and MEHP in biota as 

a function of δ15N (‰). Solid line indicates least sum of squares regression 
between lipid equivalent log concentration and δ15N. Sediment and algae 
samples have been removed 
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Appendix 1: Supporting Information 

App.1 Table 1 Minimum and maximum1 MDLs for DPEs in water samples (ng/L), sediment 
samples (ng/g wet weight = w; dry weight = d), and organisms (ng/g wet 
weight) 

 WT2 SDw SDd GA BM SC DCM DCH jSP WG DFM DFL 

DMP 3.8 0.20 0.52 0.26 0.026-
0.072 

0.072- 
0.13 

0.026-
0.13 

0.26- 
1.0 

0.26- 
0.64 

0.026- 
0.13 

0.26 4.4 

DEP 46 2.8 7.3 24- 
27 

0.51- 
1.6 

0.51- 
1.4 

0.39- 
1.1 

3.9- 
8.3 

3.9- 
27 

0.39- 
1.1 

24- 
27 

190-
220 

DiBP 7.2 1.7 4.3 7.9-
12 

0.56- 
0.67 

0.39- 
0.77 

0.36- 
0.67 

3.6- 
6.5 

3.6- 
12 

0.36- 
0.67 

5.7- 
12 

180-
190 

DnBP 200 10 27 40- 
44 

2.4- 
5.2 

2.4- 
5.4 

2.6- 
5.2 

24- 
33 

26- 
44 

2.6- 
5.2 

31- 
44 

800-
1400 

BBP 26 2.2 5.7 12- 
18 

0.78- 
2.1 

0.78- 
1.7 

0.80- 
2.1 

7.8- 
19 

8.0- 
12 

1.2- 
2.1 

12- 
18 

190-
210 

DEHP 470 5.7 15 40- 
110 

8.7- 
9.8 

4.5- 
9.0 

3.2- 
14 

32- 
138 

32- 
140 

3.9- 
14 

40- 
110 

420-
440 

DnOP 11 0.33 0.85 0.57 0.055-
0.36 

0.071- 
0.36 

0.081-
0.27 

0.81- 
3.6 

0.57- 
1.0 

0.081- 
0.27 

0.57 9.5 

DnNP 20 0.16 0.42 0.20 0.020-
0.17 

0.019- 
0.13 

0.020-
0.17 

0.20- 
0.47 

0.20- 
0.47 

0.020- 
0.17 

0.20 ND 

C6 15 2.6 6.7 10- 
20 

0.83- 
1.3 

0.48- 
0.98 

0.48- 
1.3 

4.8- 
11 

4.8- 
11 

0.48- 
1.6 

9.5- 
20 

260 

C7 35 6.1 16 35- 
38 

1.8- 
2.7 

2.0- 
6.2 

1.9- 
6.2 

19- 
62 

22- 
62 

2.4- 
6.2 

17- 
38 

450 

C8 690 430 1100 350- 
700 

9.2- 
24 

16- 
95 

15- 
95 

150- 
950 

530- 
950 

16- 
110 

350- 
1100 

5000 

C9 370 66 170 75- 
80 

2.6- 
5.8 

4.9- 
17 

3.7- 
17 

51- 
170 

60- 
170 

3.7- 
17 

80- 
99 

1300 

C10 75 15 40 53- 
99 

0.70- 
6.2 

5.0- 
37 

2.0- 
37 

50- 
370 

51- 
370 

2.0- 
37 

47- 
99 

1400 

 

                                                    
1 MDLs for each medium and each congener are presented as a range across all batches. 
2 Media: WT = water; SD = sediment; w = wet weight, d = dry weight; GA = green algae; BM = 

blue mussel; SC = softshell clam; DC = Dungeness crab; M = muscle, H = hepatopancreas; jSP 
= juvenile shiner perch; WG = white-spotted greenling; DF = spiny dogfish; L = liver. 
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App.1 Table 2 Mean amount (ng) of DPEs in sodium sulphate procedural blanks for 
sediment and biota sample analyses, 2 standard deviations of the blanks, 
method detection limits defined as the mean blank amount + 2 standard 
deviations, and number of samples meeting method detection limits 

Amount in blanks Number of samples > 
MDL (%) 

Type of 
machine 
analysis 

 

Mean 
(ng) 

2 StD 
(ng) 

MDL 
(ng) 

Sediment Biota 

 (n=36)1 (n=10)2 (n=94) 
DMP 0.19 0.24 0.43 10 (100%) 56 (60%) 
DEP 3.7 4.9 8.7 10 (100%) 70 (74%) 
DiBP 2.2 1.7 3.9 10 (100%) 67 (71%) 
DnBP 13 9.8 23 10 (100%) 66 (70%) 
BBP 4.3 3.9 8.2 10 (100%) 79 (84%) 
DEHP 17 22 39 10 (100%) 73 (78%) 
DnOP 0.37 0.48 0.85 10 (100%) 47 (50%) 

GC/MS 

DnNP 0.15 0.27 0.42 10 (100%) 38 (40%) 
 (n=50) (n=10) (n=88) 
C6 4.8 2.6 7.4 10 (100%) 27 (31%) 
C7 10 7.3 17 10 (100%) 55 (63%) 
C8 150 330 480 10 (100%) 68 (77%) 
C9 28 42 70 10 (100%) 59 (67%) 

LC/MS 

C10 23 36 59 10 (100%) 52 (59%) 
 

App.1 Table 3 Number of biota samples meeting method detection limits 

Number of samples > MDL 
GA BM SC DCM DCH jSP WG DFM DFL 

 n=83 n=10 n=10 n=13 n=13 n=7 n=9 n=12 n=12 
MMP 5 10 0 1 0 0 0 2 11
MEP 0 9 1 12 9 5 0 1 2 
MnBP 8 10 10 13 13 7 9 2 1 
MBzP 0 7 0 1 2 5 1 0 0 
MnHP 0 9 1 2 3 3 0 1 1 
MC7P 2 10 10 11 8 7 1 0 1 
MEHP 3 10 10 5 8 3 0 0 0 
MnOP 0 0 0 0 4 0 0 0 0 
MC9P 0 0 0 0 3 0 0 0 0 
MC10P 0 0 0 0 3 1 0 0 1 

                                                    
1 n refers to the total number of blanks that were analysed for sediment and biota (all batches 

combined). 
2 n refers to the total number of sediment or biota (all grouped) samples that were analysed. 
3 n refers to the total number of biota samples that were analysed. 
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App.1 Table 4 Number of biota samples meeting method detection limits 

Number of samples > MDL 
GA BM SC DCM DCH jSP WG DFM DFL 

 n=81 n=10 n=10 n=13 n=13 n=7 n=9 n=12 n=12 
DMP 5 10 9 8 12 5 4 0 3 
DEP 1 8 10 13 11 5 9 6 7 
DiBP 2 10 6 10 12 6 9 11 1 
DnBP 3 7 10 9 12 4 9 10 2 
BBP 8 8 10 8 11 5 8 12 9 
DEHP 7 9 9 11 11 4 5 8 9 
DnOP 7 10 9 4 0 3 0 6 8 
DnNP 8 9 10 4 0 2 0 5 0 
 n=7 n=9 n=10 n=12 n=13 n=7 n=8 n=12 n=10 
C6 0 6 2 4 3 3 4 4 1 
C7 3 7 8 6 4 3 4 11 9 
C8 5 9 9 8 6 2 7 12 10 
C9 7 9 10 0 9 2 3 12 7 
C10 7 9 10 6 8 3 0 8 1 
 

Stable Isotope Ratio Calculations 

Stable isotope ratios (parts per thousand, ‰) were calculated according to 

the first (nitrogen) and second (carbon) equations: 

δ15N = [(15N/14N sample – 15N/14N standard) / (15N/14N standard)] x 1000  

δ13C = [(13C/12C sample – 13C/12C standard) / (13C/12C standard)] x 1000  

where the δ15N standard is nitrogen in the air and the δ13C standard is in 

Pee Dee Belomite limestone. Machine precision was assessed by analyzing 7 

replicates of a prepared standard (δ15N = 14.47‰ and δ13C = -17.19‰) for which 

reproducibility was SD = 0.06‰ and 0.08‰ for δ15N and δ13C, respectively. 

                                                    
1 n refers to the total number of biota samples that were analysed. 
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Normality tests on MPE and DPE Concentration Data 

The results of the Kolmogorov-Smirnov normality tests on the two data 

sets (i.e., original and log-transformed) are presented in App.1 Table 5 for MPEs 

and App.1 Table 6 for DPEs. Results from the two tests were compared for each 

MPE and DPE to determine which distribution was more representative of a 

normal distribution. In order to simplify data analysis and other statistics, the 

decision was based on the outcome of all tests and not on a chemical and media 

specific basis. In general, the concentration data were log-normally distributed; 

thus, a log transformation was applied to all the data. 

App.1 Table 5 Results of Kolmogorov-Smirnov normality test on original (C) and log-
transformed (logC) MPE concentrations; (+) indicates a normal distribution, 
(-) indicates a non-normal distribution, and (ND) indicates a non-detect  

  WT1 SD GA BM SC DCM DCH jSP WG DFM DFL 

MMP C + + + + ND ND ND ND ND ND - 

 logC + + + +       + 

MEP C + + ND + ND + + + ND ND ND 

 logC + +  +  + + +    

MnBP C + + + + + + + + + ND ND 

 logC + + + + + + + + +   

MBzP C ND + ND + ND ND ND + ND ND ND 

 logC  +  +    +    

MnHP C + + ND + ND ND ND + ND ND ND 

 logC + +  +    +    

MC7P C ND ND ND + + + + + ND ND ND 

 logC    + + + + +    

MEHP C - ND + + + - + + ND ND ND 

 logC +  + + + + + +    
                                                    
1 Media: WT = water; SD = sediment; GA = green algae; BM = blue mussel; SC = softshell clam; 

DC = Dungeness crab; M = muscle, H = hepatopancreas; jSP = juvenile shiner perch; WG = 
white-spotted greenling; DF = spiny dogfish; L = liver. 
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  WT1 SD GA BM SC DCM DCH jSP WG DFM DFL 

MnOP C ND + ND ND ND ND ND ND ND ND ND 

 logC  +          

MC9P C + + ND ND ND ND ND ND ND ND ND 

 logC + +          

MC10P C + + ND ND ND ND ND ND ND ND ND 

 logC + +          

 

App.1 Table 6 Results of Kolmogorov-Smirnov normality test on original (C) and log-
transformed (logC) DPE concentrations; (+) indicates a normal distribution, 
(-) indicates a non-normal distribution, and (ND) indicates a non-detect 

  SD GA BM SC DC DCH jSP WG DFM DFL 

DMP C + + + + + + + + ND ND 

 logC + + + + + + + +   

DEP C + ND + + + + + + + + 

 logC +  + + + + + + + + 

DiBP C + ND + + + + + + + ND 

 logC +  + + + + + + +  

DnBP C + + + + + + + + + ND 

 logC + + + + + + + + +  

BBP C + + + + + + + + + + 

 logC + + + + + + + + + + 

DEHP C + + + + + + + + + + 

 logC + + + + + + + + + + 

DnOP C + + + + - ND + ND + + 

 logC + + + + +  +  + + 

DnNP C + + + + ND ND ND ND + ND 

 logC + + + +     +  
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C6 C + ND + ND + ND + + + ND 

 logC +  +  +  + + +  

C7 C + + + - + ND + + + + 

 logC + + + + +  + + + + 

C8 C + + + + + - + + + + 

 logC + + + + + + + + + + 

C9 C + + + + ND + ND + + + 

 logC + + + +  +  + + + 

C10 C + + + + + - + ND + ND 

 logC + + + + + + +  +  

 

App.1 Table 7 Statistical results of regression analysis between log concentration and 
δ15N (i.e., slope, p value of slope, Y intercept, and r2) and food web 
magnification factors (FWMF) (lower – upper 95% confidence interval) for 
DPEs1 

 Log 
Kow 

n Slope p value Y 
intercept 

r2 FWMF Lower-Upper 

95% CI 

DMP 1.80 7 -0.19 0.01 6.3 0.75 0.22 0.08 – 0.60 

DEP 2.77 7 -0.13 0.03 6.8 0.66 0.37 0.16 – 0.84 

DiBP 4.58 7 -0.12 0.01 6.2 0.76 0.40 0.23 – 0.72 

DnBP 4.58 8 -0.14 0.002 7.2 0.81 0.33 0.20 – 0.57 

BBP 5.03 8 -0.12 0.01 6.8 0.70 0.38 0.20 – 0.72 

C6 6.39 6 -0.01 0.81 5.3 0.02 0.90 0.29 – 2.8 

C7 7.30 8 -0.08 0.28 6.5 0.19 0.54 0.15 – 1.9 

DEHP 8.20 8 -0.22 <0.001 8.7 0.95 0.18 0.12 – 0.27 

DnOP 8.20 7 -0.21 0.01 7.1 0.81 0.20 0.08 – 0.50 

C8 8.20 8 -0.11 0.04 8.4 0.51 0.43 0.18 – 0.98 

DnNP 9.11 5 -0.30 0.07 8.0 0.73 0.09 0.01 – 1.4 

C9 9.11 6 -0.20 0.03 8.5 0.71 0.21 0.05 – 0.83 

C10 10.0 7 -0.11 0.05 7.5 0.56 0.42 0.17 – 1.0 

 

                                                    
1 p values in bold print represent statistically significant increases or decreases of the lipid 

equivalent concentration (i.e., <0.05). 
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App.1 Table 8 Geometric mean phthalate monoester and diester concentrations (water: 
ng/L, sediment: ng/g dry weight, biota: ng/g lipid equivalent) for water, 
sediment, and seven marine organisms collected from False Creek 
Harbour, Vancouver, British Columbia 

MPEs 

Media1 WT SD GA BM SC DCM DCH jSP WG DFM DFL 

MMP 9.4 4.5 130 1300 ND ND ND ND ND ND 13 

StD 2.6 1.7 4.9 2.4       3.5 

MEP 10 3.2 ND 1300 ND 670 70 53 ND ND ND 

StD 2.1 2.0  2.7  3.0 8.6 5.7    

MnBP 32 11 270 39000 22000 14000 2300 5000 750 ND ND 

StD 1.6 1.9 1.6 2.7 3.2 2.1 4.7 3.9 2.7   

MBzP ND 2.3 ND 150 ND ND ND 37 ND ND ND 

StD  2.6  3.2    8.0    

MnHP 0.26 0.10 ND 130 ND ND ND 2.9 ND ND ND 

StD 1.9 3.3  1.9    0.15    

MC7P ND ND ND 350 120 56 6.9 49 ND ND ND 

StD    2.1 3.2 4.3 5.8 2.3    

MEHP 60 ND 96 510 690 510 36 89 ND ND ND 

StD 2.3  2.3 2.0 2.4 1.7 2.6 2.8    

MnOP ND 0.19 ND ND ND ND ND ND ND ND ND 

StD  1.7          

MC9P 0.65 0.33 ND ND ND ND ND ND ND ND ND 

StD 13 6.1          

MC10P 3.8 0.13 ND ND ND ND ND ND ND ND ND 

StD 1.5 2.5          

                                                    
1 Media: WT = water; SD = sediment; GA = green algae; BM = blue mussel; SC = softshell clam; 

DC = Dungeness crab; M = muscle, H = hepatopancreas; jSP = juvenile shiner perch; WG = 
white-spotted greenling; DF = spiny dogfish; L = liver. ND = not detected; StD = standard 
deviation. 
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DPEs 

 WT1 SD GA BM SC DCM DCH jSP WG DFM DFL 

DMP 3.7 10 46 26 55 18 8.8 17 4.7 ND ND 

StD 1.8 1.4 3.3 2.2 2.6 1.9 2.6 2.0 1.4   

DEP 120 21 ND 350 590 200 87 400 39 260 230 

StD 3.1 2.6  2.3 3.0 2.3 2.5 2.1 1.7 2.5 2.3 

DiBP 5.3 5.6 ND 150 160 71 33 110 20 76 ND 

StD 1.8 1.6  2.5 2.5 2.4 2.4 2.3 1.4 2.3  

DnBP 110 39 4900 710 650 560 250 730 120 300 ND 

StD 1.8 1.1 3.1 2.1 3.5 2.4 2.6 2.0 1.5 2.7  

BBP ND 39 720 270 880 340 190 450 77 170 270 

StD  1.7 2.4 2.4 2.8 2.1 3.1 2.2 1.7 3.0 2.3 

DEHP 250 810 25000 4900 12000 2100 670 2200 440 640 1600 

StD 1.3 1.3 2.0 3.1 3.0 1.7 2.0 1.9 1.4 4.6 3.6 

DnOP 9.8 33 590 66 470 100 ND 67 ND 16 42 

StD 2.4 1.7 2.3 2.7 5.2 6.4  4.6  6.7 6.0 

DnNP 23 130 560 87 2300 ND ND ND ND 7.3 ND 

StD 3.2 1.6 2.8 5.1 4.9     11  

C6 8.6 2.9 ND 38 ND 160 ND 390 71 130 ND 

StD 1.7 1.5  3.3  4.8  1.5 1.7 2.0  

C7 ND 27 4800 120 230 250 ND 2400 190 600 830 

StD  1.6 2.4 3.2 3.4 5.2  4.7 1.7 2.8 4.4 

C8 ND 1600 66000 10000 21000 8800 3200 30000 3300 22000 55000 

StD  1.4 2.0 3.0 3.4 2.3 2.6 3.8 2.7 2.0 3.2 

C9 ND 1000 24000 2300 13000 ND 320 ND 300 2900 2400 

StD  1.4 1.9 2.4 2.6  3.4  2.2 2.6 4.5 

C10 67 220 6500 1300 4100 720 270 3000 ND 1600 ND 

StD 1.8 1.4 2.1 2.3 2.0 5.9 3.3 4.8  3.4  

 

                                                    
1 DPE water data were not measured in current study. Source: Mackintosh et al. 2004. 



 55 

Appendix 2: Literature Review 

Phthalate Ester Uses 

PEs have various toxicological and chemical characteristics and a 

spectrum of industrial applications (Stanley et al. 2003) including food packaging 

and storage of human blood (Anderson et al. 1999). PEs are used as softeners 

of plastic, solvents in perfumes, and additives to hairsprays, lubricants, and 

insect repellents (Stanley et al. 2003). In the residential construction or 

automotive industries, several PEs are used in floorings, paints, carpet backings, 

adhesives, wood finishers, wallpaper, and in polyvinyl chloride (PVC) products 

(Stanley et al. 2003). They are commonly added to products to hold color or 

fragrance, provide a film or gloss, make certain plastics more flexible, and 

provide timed releases, such as with pharmaceuticals (Stanley et al. 2003). Di-2-

ethylhexyl phthalate (DEHP) is the most widely used PE; it accounts for about 

50% of all PEs produced (Li et al. 1998), and can constitute up to 40% of finished 

PVC products (Anderson et al. 1999). Generally, PEs (App.2 Figure 1) are 

successful because they offer desirable traits such as compatibility, permanence, 

efficiency, and processability at a reasonable cost (Stanley et al. 2003). 
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App.2 Figure 1 Generalized structure of a di- (left) and a mono- (right)  

alkyl phthalate ester 

Phthalate Ester Sources and Exposure 

PEs can be released into the environment at the manufacturing stage 

although release at this stage accounts for very little of the environmental 

concentrations (Stanley et al. 2003). PEs that are released in the production and 

processing stage are disposed of in wastewater which is then treated at 

treatment facilities where it is either biodegraded or adsorbed to sludge (Stanley 

et al. 2003). PEs used as plasticizers are just additives and thus they are not 

bound covalently to their products (Asai et al. 2000). Despite their low vapour 

pressures, PEs can also diffuse from solid surfaces into air under conditions of 

high surface exposure and warm temperatures (Stanley et al. 2003). As a result 

PEs have become well-known contaminants in environmental water, soil, and the 

atmosphere (Suzuki et al. 2001). 

Given this ability to freely migrate from their products of origin, PEs have 

been detected in many media. They have been detected in sediments around the 

world (Parkerton and Konkel 2000) and they are found in water, aquatic 

invertebrates, fish, birds (Mackintosh et al. 2004), and marine mammals (Morin 
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2003). PEs are also present in high concentrations in residential indoor air and 

dust; concentrations can be especially high indoors where personal air 

concentrations are much higher than ambient concentrations because of PE-

containing product use (Rudel et al. 2003, Clark et al. 2003). Finally, due to their 

widespread use, they have also been detected in all kinds of food, human breast 

milk (Clark et al. 2003), and urine (Kohn et al. 2000). 

Phthalate Ester Degradation 

The primary degradation products of PEs are monoalkyl phthalate esters 

(MPEs) (App.2 Figure 1). MPEs are of no commercial value, they exist only as a 

transient step during synthesis (Scholz 2003). MPEs have sometimes been 

suggested responsible for the toxicological and ecotoxicological properties of 

their corresponding DPEs (Barr et al. 2003, Gray and Gangolli 1986, Hoppin et 

al. 2002, Li and Heindel 1998, Jonsson and Baun 2003, Niino et al. 2003, Scholz 

2003, Yagi et al. 1980). 

Metabolic studies indicate that orally administered PEs are rapidly 

hydrolyzed to their corresponding monoesters by non-specific esterases (Kluwe 

1982, Li et al. 1998) and lipases in the pancreas, blood, and wall of the small 

intestine (Niino et al. 2003). However, metabolism of PEs can also occur in the 

kidney and liver, where shorter chain DPEs (e.g., DMP, DBP) are more readily 

metabolized than longer chain DPEs, such as DEHP (Kluwe 1982), and in 

human serum and milk, which both contain DPE-metabolizing enzymes 

(Mortensen et al. 2005). Niino et al. reported that DBP and DEHP released from 
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PVC toys are hydrolyzed to their respective monoesters in human saliva (2001). 

In fish, the liver is believed to be the major site of biotransformation, due to high 

specific enzyme content (Lech and Bend 1980), but Barron et al. also found 

correspondingly high activity in the gills of trout (1989). 

PEs are either hydrolyzed to their respective monoesters, or for some 

PEs, the monoester metabolite is further biotransformed to oxidative metabolites 

before being excreted in the urine and feces (Kluwe 1982, Hoppin et al. 2002). 

All of these metabolites can be glucoronidated which increases their water 

solubility and facilitates excretion (Kluwe 1982, Albro 1986, Silva et al. 2003). 

Typically, the more water soluble DPEs (e.g., DEP, DBP) are metabolized to and 

excreted as free monoesters (Albro and Moore 1974, Silva et al. 2003). 

Whereas, the more lipophilic DPEs (e.g., DEHP, DOP, DNP) are metabolized 

from their respective monoesters to more hydrophilic metabolites in a multistep 

oxidative pathway (Albro et al. 1973). PE absorption occurs almost entirely as 

corresponding monoesters (Lake et al. 1977). 

Phthalate Monoester Exposure 

As a result of the ubiquity of PEs and their tendency to be rapidly 

biotransformed into their corresponding monoesters, MPEs have also been 

detected in many environmental media. However, there are very few published 

reports that have analytical methods and monitoring data for MPEs in 

environmental samples (Suzuki et al. 2001). MPEs have been observed in the 

environment in landfill leachate water (Jonsson et al. 2003) and in river water 
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(Suzuki et al. 2001). For example, Suzuki et al. detected MMP, MBP, and MEHP 

in the Tama River in Tokyo at concentrations of 0.03-0.034, 0.01-0.48, and 0.01-

1.3 μg/L, respectively (2001). They suggested that contamination by MPEs in the 

Tama River was attributable to the direct inflow of sewage and contaminated 

surface water containing the monoesters in urban areas or to biodegradation of 

DPEs in the river by some microorganisms (2001). MEHP has also been 

detected in intravenous solutions that were stored in medical grade PVC bags 

(Arbin and Östelius 1980). MBP and MEHP have been measured in serum and 

plasma products packed into plastic containers and in water from medical grade 

PVC tubing (Shintani 1985).  

United States-based population studies indicate that human exposure to 

MPEs is common (Blount et al. 2000) and detectable levels have been measured 

in both breast milk and urine (Mortensen et al. 2005, Blount et al. 2000, Silva et 

al. 2004). In addition, even greater levels are detected in children and toddlers, 

possibly due to increased exposure during breast feeding (Mortensen et al. 

2005). However, additional research is required to determine whether exposure 

to PEs at the levels found in people is a cause for health concern (Barr et al. 

2003). 

Phthalate Ester Toxicity and Effects 

Concern about the toxic potential of PEs is increasing; PEs continue to be 

produced in large, mostly unregulated quantities and released into the 

environment where they can migrate into biological systems (Ema et al. 1995). 
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As a result, work is being done to determine the types of effects, modes of toxic 

action, and types of behaviour PEs are causing in environmental biota. Animal 

data suggests a broad spectrum of health outcomes associated with PE 

exposure: developmental toxicity, endocrine disruption, and carcinogenicity 

(Hoppin et al. 2002). Furthermore, these effects have been associated with 

exposure to some PEs at environmental levels (Duty et al. 2005). 

Contradictory to the common view that metabolism of xenobiotics results 

in detoxification of the parent compound and facilitates excretion from the body 

(Silva et al. 2003), sources state that metabolism of PEs does not always 

detoxify them (Albro et al. 1989, Heindel and Powell 1992, Ema et al. 1995). 

Recently, some evidence has emerged which points to PE metabolites as the 

active compounds responsible for the observed toxicological effects of PEs (Barr 

et al. 2003, Gray and Gangolli 1986, Hoppin et al. 2002, Li and Heindel 1998, 

Jonsson and Baun 2003, Niino et al. 2003, Scholz 2003, Yagi et al. 1980). 

For example, one study observed the same toxic effects in mice 

consuming DEHP and those consuming smaller doses of MEHP, suggesting the 

higher toxicity of MEHP (Yagi et al. 1980). Also, several studies have found that 

MEHP can activate the expression of several target genes associated with 

hepatocarcinogenic effects in rodents (Ward et al. 1998, Hurst and Waxman 

2003, 2004). The responsiveness of the target receptor to activation by some 

MPEs suggests that MPEs may, in part, exhibit their endocrine disruptor activities 

by altering steroid hormone metabolism with potential adverse health effects in 

exposed individuals (Hurst and Waxman 2004). 
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Although there seems to be some evidence pointing to PEs metabolites as 

the cause of toxic effects associated with PEs, an opposing trend has also been 

reported. Scholz found the acute aquatic toxicity of a wide range monoesters to 

be considerably less pronounced than the parent compound and he states that 

degradation of diesters to monoesters and phthalic acid would reduce the risk of 

acute toxic effects in the aquatic environment (2003). Thus, Scholz suggests that 

based on these results we should not assume an immediate and unacceptable 

risk posed through PEs and/or their metabolites released into the environment 

(2003). However, he also says that we should be aware of possible hidden 

effects that could arise through longer term exposure to PEs, which could be 

partly ruled out with the results from long term tests (Scholz 2003). Long term 

studies allow internal concentrations to reach their maximum levels based on 

external exposure concentrations to the diesters, their uptake, and their 

subsequent turnover metabolic rates (Scholz 2003). 

Thus, despite the rapid metabolism and elimination of most PEs (Kluwe 

1982), theoretically a constant steady state may be reached because of chronic 

and repetitive, low level exposures from dietary ingestion and from many 

commonly used products (Duty et al. 2003). Hoppin et al. found no significant 

differences in urinary MPE levels in adult women from one day to the next 

suggesting that PE exposure was relatively stable over time (2002). Although 

MPEs are degradable (Scholz 2003), a continual influx of diesters would lead to 

a continuous production of MPEs, which could create relevant concentrations in 

the environment. 
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Phthalate Ester Bioaccumulation 

PEs are hydrophobic chemicals and because of this it is believed that they 

have a high potential to bioaccumulate in biological organisms (Gobas et al. 

2003). Staples et al. summarized several laboratory studies which measured the 

PE bioconcentration factors (BCFs) for a number of aquatic organisms (1997). 

BCFs for most PEs were lower than expected based on their hydrophobicity. This 

finding was explained by the presence of environmental artifacts, metabolic 

transformation, and low bioavailability (Gobas et al. 2003), which is lower for high 

MW PEs (Lin et al. 2003). Since then, both laboratory and field studies have 

investigated the biomagnification of PEs and determined that they do not 

biomagnify in aquatic food webs (Mackintosh et al. 2004, Webster 2003). The 

biological breakdown of PEs in aquatic systems, including some invertebrates, is 

considered to be rapid, and so no significant bioaccumulation occurs (Metcalf et 

al. 1973, van den Berg et al. 2003). Since humans rapidly metabolize PEs to 

their respective monoesters, phthalates do not bioaccumulate in humans either 

(Duty et al. 2005). 

As for MPEs, some have suggested their bioaccumulation under 

environmentally realistic conditions to be highly unlikely (Scholz 2003). This 

reasoning is based on the rapidity of MPE metabolism in biological organisms 

(Anderson et al. 2001) and because they are more water soluble than DPEs, 

lending less cause for bioaccumulation. However, as previously discussed there 

is the potential for accumulation of MPEs in biota over time given a steady and 
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constant flux of PEs into the environment. There are currently no reports on the 

environmental behaviour of MPE with regards to bioaccumulation. 

Phthalate Esters and Policy 

The persistence (P), bioaccumulation potential (B), and inherent toxicity 

(iT) of PEs are important regulatory criteria. The 1999 UNEP (United Nations 

Environment Program) protocol on LRTAP (long range transport of atmospheric 

pollutants) and domestic legislation in several countries including Canada under 

the Canadian Environmental Protection Act (1999) have focused on P, B, and iT 

of commercially used PEs as well as many other industrial substances. If PEs 

are to be considered toxic, according to the law, they must first be P or B and iT, 

and then the substances will undergo a screening level risk assessment (CEPA 

1999). Recently, DEHP was added to Canada’s List of Toxic Substances (EC 

2005) and DMP, DEP, DBP, BBP, and DOP were listed on the Priority 

Substances List in Canada (PSL 1993, US EPA, CEPA 1999). Currently, the 

metabolites of PE degradation, MPEs, are not screened or regulated. 
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