REVIEW OF EUSESMODELLING
FORDI-2ETHYLHEXYL
PHTHALATE (DEHP)

Final Report Prepared for the European Chemical
Industry Council (CEFIC)

April 2001

CEMC Report No. 200101

Prepared by: lan Cousins and Donald Mackay
Canadian Environmental Modelling Centre, Trent University,
Peterborough, Ontario, Canada K9J 7K 6

Nell Mackay, JSC International Ltd., Harrogate, UK.



CONTENTS

EXECUTIVE SUMMARY

1.0

2.0

3.0

4.0

5.0

6.0

INTRODUCTION
1.1  Background
1.2  Specific objectives of the CEFIC funded project

ANALY SIS OF MONITORING DATA

2.1  Using appropriate monitoring data for model calibration
2.2 RIVM monitoring data

2.3  ACC monitoring database

24  Anaysis using histograms

ANALYSISOF EUSESINPUT DATA
3.1  Physical-chemical properties
3.2  Degradation rates

3.3  Environmenta emissions

DISCUSSION OF EUSES MODELLING RESULTS

4.1  Comparison of EUSES PECs with monitoring data

4.2  Comparison of PECs from EUSES and fugacity models
4.3  Persistence

4.4 Bioaccumulation

CONCLUSIONS

RECOMMENDATIONS

REFERENCES

Page

=

~N o1 O wWwoWw

20
20
23
31

39

42



EXECUTIVE SUMMARY

CEFIC contracted with JSC Internationd and the Canadian Environmenta Modeling
Centre (CEMC) to undertake an andyss of parts of the May 2000 draft European Union
risk assessment report for bis (2-ethylhexyl) phthaate (di-2 ethylhexyl phthdate or
DEHP) which has been prepared by Sweden. (Keml - Kemikdieingpektionen or The
Nationa Chemica Ingpectorate). The specific objectives were:

Examine/comment on the input deta, including physica-chemicd properties

|dentify key parametersinfluencing mode cdibration / results

Review the consstency between predicted and monitored concentrations

Ascertain if the EUSES modd cdculaions agree with  independent
multimedia modeling resuts.

This task was facilitated by exploiting information from an ongoing project & the CEMC
funded by the American Chemidry Council that focuses on the multimedia moddling of
phthalate esters.

The Keml report was reviewed in detail and comments conveyed to CEFIC ordly and in
aprogress report. Thisfind report summarizes key findings.

A ddaled andyss was conducted on the large quantity of monitoring data for DEHP in
ar, water, soil and sediment. These data extend over a wide range of concentrations thus
sdlection of gppropriate averages is problematic. A technique was devised in which,
usng hisograms, the data were separated into groups indicative of concentrations in
loca, regiona and continental scale environments.  These concentrations are  discussed
and satisfactorily compared with the results of EUSES and Leved Il fugecity modes.
The high variability in environmenta concentrations is aitributed to two factors, ranging
proximity of collected fidd samples to sources and the inherent short resdence time or
perssence of DEHP, which tends to cause a heterogeneous pattern in observed

concentrations.



The physca-chemicd EUSES input data are reviewed and found to be in accord with
current estimates.  The only exception was a low vaue of the octanol-water partition

coefficient, Kow, but the results are relatively insengtive to this quantity.

Degradation rate deta in the form of haf-lives were compared with current estimates and
found to be reasonable, except in the case of bottom sediments. The hdf-life assumed in
the EU. draft risk assessment for deeper sediments in much longer than the 300 days
used for the surface sediments and results in an overdl hdf-life for sediments of 3000
days The sdection of such a long hdf-life for deeper sediments is questionable given
the presence of bioturbation and episodic resuspension. However, sdection of this long
hdf-life for degper sediments has little effect on the magnitude of predicted sediment
concentrations.  In the CEMC moddling a sngle wel-mixed sediment layer with a haf-
life of 300 days was used and this resulted in predicted environmenta concentrations for

sediments that were sSmilar to those predicted in the E.U. risk assessment.

Emisson daa were examined and while the totd emisson rate to dl media is judged to
be correct in magnitude, Keml's assumed emisson reease scenario used in EUSES
cdibration is believed to assign too smdl a fraction to ar and too much to surface water
and soil.  Improved agreement with monitoring data is obtained by adjusting the release

scenario with higher emission to ar and reduced emissons to soil and water.

When the EUSES and CEMC fugacity models are provided with identical input data,
gmilar results are obtained as expected given Smilar Sructure and descriptive equations.

The results of the modd predictions compare favourably with the monitoring deta.

Since DEHP has been in use for many decades, we believe that it must have reached a
deady Sate condition in the environment, thus the use of a Seady tate modd is farly
judified. Fears that conditions may be getting progressvely worse as a result of
accumulation of DEHP from past discharges are, in our view, unfounded. The fact that



emission rates and observed concentrations were reconciled with a steady state mode is
further support for DEHP being a a steedy state condition.

Any DEHP present above the solubility limit must be in a nonaqueous phase and
therefore not avalable for bioconcentration. The use of such supersaturated
concentrations in bioaccumulation models is thus invalid. It would be useful for modds
such as EUSES to contain such a check and stop or at least flag such dtuations thus

avoiding mignterpretation of results.

We hypothesise tha many of the samples showing high levels of DEHP actudly contain
plagic materid (notably PVC) in which the DEHP is present as a pladiciser.  DEHP in
this dtate is not readily “available’ and does not contribute to the dissolved concentration
or the fugacity of the substance. For example, it is not readily bicavalable, nor can it

evaporate.

Subject to the issues outlined above, it is concluded overdl that both the Keml/EUSES
and CEMCffugacity modds give a stisfactory smulation of the environmenta fate of
DEHP. The modds play the role of synthessing disparate data on physica-chemicd
properties, emisson rates and environmental characteristics into a prediction of fate and
multimedia concentrations. Since predictions are conssent with monitoring data, it can
be assated that the environmentd fae is adequatdly and quantitatively known.  This
provides a sound foundetion for decisons reaing to the management of this substance.
It is hoped that this example will be followed for other chemicas of commerce.

Recommendations are made for particular and generd sudies that will improve future
moddling efforts.



1.0 INTRODUCTION

1.1  Background

Keml (Kemikaieinsgpektionen or The Nationd Chemica Ingpectorate), a Swedish-based
government organization, has recently carried out a risk assessment on bis (2-ethylhexyl)
phthalate (di-2 ethylhexyl phthaate or DEHP) based, in part, on EUSES moddling (NCI,
2000). EUSES (European Union Sysem for the Evduation of Substances) is the
preferred modeling tool for risk assessments as outlined in 1995 by the European Union
(EVU) Technica Guidance Document for risk assessment of new and existing substances,
developed and approved by the EU Member States (ECB, 1997). In order to undertake
the required EUSES moddling it was fird necessay for Keml to define a number of
criticd modd input parameters that ultimately dictate the predicted fate, exposure and
risk of DEHP in the environment. Comparisons of obsarved and sSmulated
concentrations of DEHP suggest that criticd parameters may be defined inaccurately.
Following discusson with the European Council for Pagticizers and Intermediates
(ECP) in July 2000, JSC Internationd Ltd. and the Canadian Environmental Modelling
Centre (CEMC) at Trent Universty were contracted to undertake a detaled review of the
EUSES moddling of DEHP undetteken by Keml. The am was to identify any
deficiencies in the EUSES modd cdibration, application or interpretation and make
congtructive recommendations for possible improvement.

O’ Connor Associates Environmenta Inc. (OAEI) and CEMC were separately contracted
by the American Chemistry Council (ACC) to modd the fate of phthaate esters in the
environment and to estimate human exposure to phthalate esters.

In the CEMC funded project we draw on the findings of this companion project to assst
in the interpretation of the EUSES modelling.

1.2  Specific objectives of the CEFIC funded project

Scrutinise each modd input parameter used by Keml in setting up EUSES



|dentify key parameters defining steedy-state exposure

Propose dternative data choices, where appropriate

Undertake EUSES moddlling using dternative input data

Compare EUSES predicted environmental concentrations with observed DEHP
concentrations in our in-house field monitoring database

Compare predictions from EUSES with predictions from in-house fugacity
models using the same set of modd input data

Draw conclusions and make recommendations based on the project’ s findings



20 ANALYSISOF MONITORING DATA

2.1  Usng appropriate monitoring data for modd calibration

Multimedia environmentd modds predict an average concentration for the entire region
being moddled. EUSES has three separate modelling scenarios that agpply to different
goatid scdes, namdy: “locd”, “regiond” and “continentd” (Figure 1). The “loca”
scenario represents an exposure scenario for humans or wildlife near to a point source
(eg. in proximity to a manufecturing plant). The “regiond” scenario represents an
exposure scenario for humans or wildlife living in a densdy populated industrid region
(e.g. in the Netherlands). The “continental” scenario represents an exposure scenario for
human or wildlife living in a region remote from sources (eg. in arurd areg). It is vitdly
important to compare the PECs from these three modelling scenarios with the appropriate
monitoring data when undertaking modd cdibration i.e. to compare like with like. For
example, an EUSES regional moddling scenario predicts average PECs for a densdy
populated region (20 million people living in an area of 40,000 kn? i.e. 500 people per
kn?). This is roughly equivaent to the population density of the Netherlands (420 people
per kn?), which is one of the most densdy populated countries in Europe. It is not
appropriate therefore to compare PECs from a regiond EUSES sSmulation with

concentrations from stes remote from sources or from Sitesin close proximity to sources.

It is essentid that environmenta concentrations representetive of the spatid scde being
gmulated are required for mode cdibration. These concentrations could be obtained (1)
from a sampling program with the am of providing concentrations representetive of the
required spatid scae and/or (2) andysng al avalable monitoring data and extracting
concentrations representative of the required spatia scde.  In this study we were adle to
use both approaches for cdibration of the EUSES “regiona scde’ smulation, and we
were able to extract out concentrations representetive of remote locations from available
monitoring data for cdibration of the EUSES * continentd scale€’ smulation.
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2.2  ECPI/RIVM field monitoring campaign

Over the lagt few years RIVM (Rijksndituut voor Volksgezondheid en Milieu or
Nationa Inditute of Public Hedth and the Environment) and ECPl have recently
collaborated on a multimedia sampling program throughout the Netherlands, which
provides an ided dataset for caibrating the EUSES “regiond scad€’ scenario. It is
particularly appropriate because the Netherlands has a amilar population densty to that
assumed in the EUSES regiond modd, possbly because the EUSES modd was
developed in the Netherlands. Air, water, soils, sediments, vegetation, fish and cow’s
milk have been andysed for DEHP (Alberti et d., 2000; AlControl, 1999; RIC, 2000).
These published monitoring data are combined with some additiond unpublished RIC
data, and are summarised in Table 1.

Tablel. Summary of DEHP monitoring data from the ECPI/RIVM monitoring

campaign
Number 10" 90"
Medium of samples Median percentile | percentile Units
Outdoor air 24 17 10 85 ng/n?
Surface water 18 0.46 0.087 13 Mg/l
Sail 33 1,420 630 3,100 | pgkgoC
Sediment 30 5,000 1,300 15,000 | pgkgOC
Vegetation 48 220 82 480 pg/kg dry
Fish 25 450 50 5,600 ngkg fat
Cow'smilk 29 670 310 1,300 ugkg fat
Sewage dudge 70 260 64 1,700 mg/kg OC

23  ACC monitoring database
As pat of a contract between the American Chemistry Council’'s Environmentd
Research Task Group, CEMC and O’ Connor Associates an extensive database of



concentrations of phthaate esers (including DEHP) in the environment has been
compiled in an Excd™ spreadsheet.  The data were categorized into regions including
Canada, United States, Europe, and Asa. The data were also categorized in terms of data
quality. Thefollowing ranking scheme was employed:

Rdiable without regtrictions
Relidble with redrictions
Not relidble

Unassigneble

A W DN PP

The monitoring data have been evduated usng severd different methods as discussed in
further detall in the reports by EMBS (1999) and Clark et a. (2001). A table
summarisng DEHP concentrations in the primary environmental media in Europe (taken
from the ACC database) is included below (Table 2). On the whole these data compare
favourably with the data reported in the recent ECPI/RIVM monitoring campaign (Table
1).

Table2. A summary of selected DEHP monitoring data from the ACC database

Number Median of 10" 90™
Medium of samples | study averages | percentile | percentile Units
Outdoor air 397 18 1.3 130 ng/nt
Surface water 405 0.21 0.018 19 ug/L
Sail 3 50 29 66 ugkg dry
Sediment 85 0.29 0.019 8.2 mg/kg dry




Since the individud data points were not available for every study in the data base it was
decided to caculate the median of the reported study averages and the 10™ and 90"
percentiles of study averages. Non-detectable data were included in the cdculations by
asuming a concentration equa to one-hdf the detection limit. A few potentid
limitations with the methodology used to collate the monitoring database and to caculate
average concentrations are summarized below:

Tempord trends may introduce a poditive bias because regulatory controls in the
past few decades may have contributed to lower concentrations.

Pogtive bias may aso be introduced by the tendency to focus fidld sampling near
to point sources.

Sysemdic bias may be introduced by usng hdf the detection limit in the
cdculation of arithmetic mean.

The above problems dl tend to introduce a postive bias and thus introduce a degree of
conservatism to the estimates of DEHP environmenta concentrations.

24  Analyssusing histograms

It is difficult to visudize the didribution of the monitoring data by examining the raw
data contained in the Excd™ monitoring database or by examining the summary tables
and datidics. Therefore, it was decided to display the monitoring data graphicaly using
both frequency hisograms and cumulative didribution plots derived from these
hisograms.  For the purpose of this report these plots are termed “cumulative
hisograms’.

Environmentd concentrations in each medium were divided logarithmicdly into classes
or bins, with a factor of gpproximately 3 between adjacent bins. For example, for surface
water concentrations the following bins were dlocated



Bin Range (ng/L) Midpoint of range (ng/L)

1 0.01-0.03 0.017
2 0.03-01 0.055
3 01-0.3 0.17
4 03-10 0.55
5 1.0-3.0 1.7

6 3.0-10 5.5

7 10- 30 17

8 30- 100 55

The bins alocated can be adjusted to fit the range of environmentad concentrations in the
database.

The frequency histograms were condructed by the number of sudy averages in the
monitoring database that fdl within each bin. A weighted frequency higogram was
congtructed by adding up the number of samples that cortribute to each study average
within a paticular bin. For example if there are three sudy averages within a bin
ranging from 0.1 to 0.3 ng/L of 0.12 ny/L (n=10), 0.20 ng/L (n=1), 0.25 ny/L (n=5) then
this bin will have a frequency of 3 in the unweghted hisgogram and a frequency of 16 in
the weighted hisogram.

The cumulative hisograms were condructed by cdculating the cumulative percentage
contribution of each successive bin to the total number of study averages in the case of an
unweighted cumulative higogram, or to the total number of samples in the case of a

weighted cumulative histogram.

Four types of histogram have been plotted to show the digtributions of concentrations of
DEHP in air, surface water, and sediment in Europe i.e. unweighted frequency, weighted
frequency, unweighted cumulaiive and weighted cumulative. Thus in totd, 12
hisograms have been plotted for DEHP (see Figures 2-7). The location of a cdculated



weighted arithmetic mean concentration is shown on each hisogram, which accounts for
the fact that different Sudies andyse variable numbers of samples The weighted
aithmetic mean concentration was cdculaed by multiplying esch individud sudy
average by the number of samples in the study, summing dl of these weighted study
averages, and dividing the sum by the total number of samples.

Weighted histograms often disolay a markedly different digtribution from the unwelghted
higograns.  Further, the weighted arithmetic mean is greatly influenced by a few high
concentrations, which heavily bias the mean to the high-side. This is evidenced by the
cumulative higograms, which show that the 50th percentile is usudly a a lower
concentration than the weighted arithmetic mean concentration. It was concluded that the
unweighted hisograms provide a better description of the didribution of DEHP
concentrations. It is aso concluded that because weighted arithmetic means can be
grongly biased by a few studies reporting high concentrations, median concentrations are
abetter indication of average regiond environmenta concentrations.

The hisograms show that DEHP concentrations are characterized by a very wide range,
which makes interpretation and averaging difficult. For example, water concentrations
vay from 0.003 to 10 ng/L i.e a factor of 3000. Many of the concentrations at the
extreme low end may be bedow the limit of quantification, athough this was not aways
clearly gdated in scientific aticles  Concentrations in excess of the solubility limit for
DEHP ae atributable to partitioning onto non-aqueous phases including dissolved and
suspended particulate matter possbly in colloidd form.  Such partitioning processes can
increase the tota concentration of such substances in surface water well above the
Solubility limit.

We bdlieve that the wide didribution in observed DEHP concentrations is due to variable
proximity to sources i.e. the concentrations on the right-hand sde of the histograms are
probably representative of locad contaminated sites and those on the left-hand sde are
likdy to be representative of regiond background or continentad environmenta
concentrations.  Separation of the monitoring data into groups based on proximity to



sources would require going back to the source references and alocating concentrations
to different classfications such as “urban/industrid” or “rura/background”. Even after
careful scrutiny of source references separation of the data may not be possible.

We have sought to interpret the monitoring data objectively based on the unweighted

cumulative hisograms as follows:

1 One third represent “remote from source” samples.
2. One third represent “close to source” samples.
3. One third represent “intermediate’ samples.

This dasdfication into three didinct ranges is consgent with the three spatid scaes of
rsk assessment that are undertaken with EUSES. The “remote from source’, “close to
source’ and “intermediate’ samples corrdate with the “continenta”, “locd” and
“regiond” spatia scaes, respectively. The cumulative histograms for DEHP (Figures 3,
5 and 7) were used to assgn these three concentration ranges and average values for
DEHP in surface waters, sediments and ar in Europe as illustrated for DEHP surface
water concentrations in Figure 8.

For surface water, 90% of the reported data lie between 0.01 and 10 ng/L with a
weighted average of 093 ng/L. We interpret the didribution to indicate that in water
which is remote from sources of DEHP the concentration probably lies in the range 0.01
to 0.1 nglL i.e typicd vaues of 0.03 ng/L plus or minus a factor of 3. In waters that are
in the vicinity of discharges, concentrations probably lie in the range 1.0 to 10 ng/L with
atypicad vdue of 3.0 ng/L plus or minus a factor of 3. The “intermediate’ or “regiona-
scale’ concentrations therefore lie in the range 0.1 to 1.0 pg/L i.e. typica values of 0.3

plus or minus afactor of 3.

10
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For sediments, 90% of the reported data lie between 0.001 and 10 mg/kg with a weighted
average of 4.9 mgkg (dry). We interpret the distribution to indicate that in sediments
asociated with water which is not subject to direct discharge of DEHP the concentration
probably lies in the range 0.001 to 0.1 mgkg i.e typicd vaues of 0.01 mgkg plus or
minus a factor of 10. In sediments that are in the vicinity of discharges, concentrations
probably lie in the range 1.0 to 10 mg/kg with a typicd vaue of 3 mg/kg plus or minus a
factor of 3. The “intermedia€’ or “regiond-scde’ concentraions therefore lie in the
range 0.1 to 1.0 mg/kg i.e. typicd vaues of 0.3 mg/kg plus or minus a factor of 3.

For air, 90% of the reported data lie between 0.3 and 100 ng/n? with a weighted average
of 21.9 ng/nt. We interpret the distribution to indicate that in ar which is not subject to
direct discharge of DEHP the concentration probably lies in the range 0.3 to 3.0 ng/nt
i.e. typica vaues of 1.0 ng/n? plus or minus a factor of 3. In ar that is in the vicinity of
discharges concentrations probably lie in the range 30 to 300 ng/nT with a typicd vaue
of 100 ng/nt plus or minus a factor of 3. The “intermediate’ or “regiond-scae’
concentrations therefore lie in the range 3.0 to 30 ng/nT i.e. typicd vaues of 10 plus or

minus afactor of 3.

It is not possble to underteke a smilar analyss for soil because of the lack of monitoring
data avallable. We estimate that the weighted average soil concentration of 48 pg/kg is
representative of an “intermediate’ or “regiona-scale’ concentration.

From an examination of the frequency higograms it is possble to infer what may be a
bimodd didribution in the environmenta concentrations of DEHP. For example, the
hisograms in Fgures 4 and 6 appear to be two separate distributions superimposed on
top of each other. It is, unfortunately, difficult to separate out these two distinct groups
of samples from the dadbase because of insufficient information on each individud
sudy. It could be hypotheszed that the bimodd distribution represents the “remote from
source’ samples and the ‘near to source’ samples.  An dternative hypothess is that the
right-hand peak in the histograms represents phthaates released from sources associated
with PVC particles and thus have not achieved equilibrium partitioning, wheress the |eft-

17



hand pesk represents phthdates that have reached equilibrium partitioning conditions.

We discuss thisin more detail later.

18
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30 ANALYSSOF EUSESINPUT DATA

There ae three key types of chemicd input data that will influence the predicted
environmenta concentrations in EUSES, namely

Physcd-chemica data (i.e. vapour pressure, water solubility and octanol-water
partition coefficient (Kow)),

Environmenta degradation rates, and

Environmenta emissons

The same EUSES-environments were used for dl smulations so only the variaion in
chemicd input data will influence the predicted environmenta concentrations of Keml
and CEMC models. Table 3 summarizes the assumed environmenta inputs incduding
compartment dimengons, air and water flow rates.

3.1  Physcal-chemical properties

The physcd-chemica properties of phthadate esters have been recently reviewed by
Cousins and Mackay (2000). The vaues for water solubility, vapour pressure and Kow,
used by Keml are in reasonable agreement with the vaues suggested in this review. The
vdue of Kow of 10" is dightly lower then the value suggested by Cousins and Mackay
of 10", but Keml were constrained with the upper bound of 10" that is acceptable for
use in EUSES. A sengtivity test was undertaken to determine the effect of Kow on the
predicted environmental concentrations and it was shown that usng a vaue for Kow of
either 10”° or 10”-®® yidded near identica results. This is because compounds with Kow
of 10"° and above ae sufficiently highly hydrophobic to be mainly associated with
organic or lipid phases and a smdl incresse in hydrophobicity does not gppreciably

increase the dready high extent of association.

For condgstency we have used the same physca-chemicd input data as Keml in our
EUSES modelling calculations (Table 4).

20



Table 3. Dimensionsand properties of the EUSES/SimpleBox 1.0 region used for

regional risk assessment

Parameter Value Unit
Total areaof region 4x 10" mf
Water surface area 12x 10 n
Environmenta temperature 12 °C
Areafraction of natura soil 0.6 -
Areafraction of arable soil 0.27 -
Areafraction of industria soil 0.1 -
Water depth 3 m
Air mixing haght 1000 m
Indudtrid/naturd soil mixing depth 0.05 m
Arable soil mixing depth 0.2 m
Sediment mixing depth 0.03 m
Volume fraction of partidesin air 2x 101 -
Volume fraction of particlesin water 1.5x 107 -
Volume fraction of ar in soll 0.2 -
Volume fraction of water in soil 0.2 -
Volume fraction of soil solids 0.6 -
Volume fraction of sediment pore water 0.8 -
Volume fraction of sediment solids 0.2 -
Organic carbon fraction of particlesin water 0.1 -
Organic carbon fraction of soil solids 0.02 -
Organic carbon fraction of sediment solids 0.05 -
Resdencetime of air 0.684 days
Residence time of water 40.1 days

21




Table 4. Physical-chemical properties and degradation rates of DEHP used as
EUSESinputsby CEMC and Keml

Valuesused by Values used by
EUSES Substance Property CEMC Keml
Molar mass 390.57 390.57
(9/moal)
Meélting Point -55 -55
()
Bailing Point 230 230
(°C)
\V/apour Pressure 34x10° 34x10°
(Pa)
Water solubility 3x 103 3x 103
(g/n)
Log Kow 7.0t 7.0t
(unitless)
Overdl degradation haf-lifeinar 1.0 1.0
(days)
Overdl degradation haf-lifein water 22 50
(days)
Overd| degradation hdf-lifein soll 250 300
(days)
Overall degradation half-lifein ssdiment 365 3007
(days)

1 K ow isthe octanol-water partition coefficient. The maximum vaue dlowed in EUSES
is107°.

2 This only applies to the surface sediment (upper 3 cm) in the Keml EUSES simulation.
The overal sediment degradation haf-life (upper and buried sediment) is 3000 days.
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3.2  Degradation rates

It is noteworthy that degradation hdf-lives of organic compounds cannot be viewed in
the same way as radionudide hdf-lives, which are a fundamentd, reproducible property
of the radionuclide. Degradation hdf-lives are functions of both the chemicd and the
environment and are by their nature hard to assgn as they vary temporaly and spdialy.
Given the difficulties in ass3gning rdiable hdf-lives we have drawn on severd avalable

pieces of evidence available for assessing the degradaility of DEHP in the environment.

3.21 Literaturedata

The firg obvious place to look for experimenta evidence for the degradability of DEHP
is in he scientific literature and we were fortunate that Staples et d. (1997) have recently
published a review of the environmentd fate of a range of phthdate esters including
DEHP. Staples et d. (1997) found that biodegradation is the dominant loss process for
phthalate eters in al media except the atmosphere where they are likely to be susceptible
to rapid photo-oxidation. A photo-oxidetion hdf-life, based on hydroxyl radica attack,
for DEHP of 0.2-2 days was predicted by Staples et d using the Atmospheric Oxidation
Program (AOP) (Meylan and Howard, 1993). One sudy is available to compare with
this prediction indicating an amospheric hdf-life foo DEHP of about 1 day. The
confirmation of the amospheric hdf-life is important because it is a critical parameter as
is discussed later.  Primary aerobic biodegradation half-lives of phthdae eders in naturd
waters and soils have been edimated by Staples et d. based on andysis of available
measured data.  Aerobic biodegradation haf lives in natud waters and soils tend to
increese with increesng akyl chan length. DEHP was shown to have aerobic
biodegradetion half-lives in naturd waters of 2 to 22 days and hdf-lives in soils of 25 to
250 days respectively. Staples et a reported that there are only limited data available on
biodegradation of phthdate esters in sediments, but the data suggests that primary
biodegradation of phthdate esters in sediments is dower than in soils and of the order of
several months (>100 days).

The above anayss of measured biodegradation haf-life data from Steples et a. has been

used to define gpproximate hdf-lives. We have taken a consarvative approach and
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dlocated the upper end of the range suggested by Staples et d. as the haf-lives used for
input into the multimedia modds (Table 3).

3.2.2 Evidencefor biodilution in food chains

The study of both aquatic and terrestrial ecosystems has shown that one enlightening way
of sudying food chan bicaccumulation is through trandforming  environmenta
concentrations into  fugacities (McLachlan, 1996). Fugacities offer the advantage of
usng use a dngle “currency” to compae leves of contaminaion in different
environmentd media and organisms.  This gpproach hdps determine if a chemicd
sgnificantly biomegnifies or biodilutes in food chains. Persgent compounds tend to
biomagnify whereas compounds that are readily metabolised, however hydrophobic, tend
to biodilute in food chains,

The fugecity f (Pa) of a compound in a particular phase can be caculated from the
concentration C (mol/nT) using the following equation

f=C/Z

where Z is the fugacity capacity of the phase for the compound (mol/nt/Pa). Hence if the
fugacity capecity of phase can be cdculated, then the fugaecity can be cdculated from
measured concentrations.  Using this gpproach, concentrations of phthalates in Europe
have been transformed into ther corresponding fugacities for ar, surface water,
vegetation, soil, sediments, fish, cow’s milk and human milk. Only monitoring data from
the recent RIVM/ECP monitoring campaign were used for caculating fugacities
(summarized in Table 1), except for human milk concentrations, which were taken from
the ACC concentration database. The fugacity capacities or Zvaues for the phases were
estimated usng methods outlined in Mackay (1991). Physica-chemicd data used in the
cdculations such as the octanol-water patition coefficient, Henry's law congant and
octanol-air partition coefficient were taken from Cousns and Mackay (2000). These
caculations were undertaken in an Excd™ spresdshest, which is avalable from the
authors on request if detailed examination of the caculationsis desired.
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The discusson of the trends of DEHP fugacities in environmental media has been
reiterated below based the report of Clark et d. (2001). A plot of DEHP fugacities for a
range of environmentd media is shown in Figure 9. The error bars represent the 10" and
90" percentiles reported environmental concentrations.

Fugacities of DEHP in different media decrease by 3 log units or a factor of 1,000 from
left to right on the plot, from ar to fish. The fugacities of DEHP in fish, cow’s milk and
human breest milk are consgderably lower than in most other media This decrease in
fugacity represents a biodilution effect as DEHP is tranderred through aguatic and
terrestrid food chains.  As discussed by MclLachlan (1996), three factors combine to
cause these biodilution effects:

1. Chemica degradation.
2. Reduced absorption of highly hydrophobic compoundsin the digestive tract.

3. Kineticaly limited uptake of involatile, hydrophobic compounds by plants.

It is believed that for DEHP dl three factors are likely to have contributed to the observed
biodilution effects.
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Figure9. Estimated fugacities of DEHP in environmental media
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McLachlan (1996) focussed on the air/soil-plant-cow-milk-human food chain, which is
important for the human exposure via the terredrid food chain. In Figure 10 the
fugacities of DEHP in European air, soil, plants, cow's milk and human milk have been
compared to fugacities reported by McLachlan for hexachlorobenzene (HCB) in samples
collected in Germany. This provides an interesting comparison of two contrasting
chemicds in the same food chain. The fugacities of HCB clearly increase by a factor of
300 (or 25 log units) between ar and human breast milk indicating a pronounced
biomagnification effect. In contrast, DEHP biodilutes by a factor of 1,000 (or 3 log
units). There is strong biodilution from air to plant (a factor of 13) and from plant to cow
(a factor of 32). The drop in fugacity from air to plant is probably the result of the third
factor liged above kineticdly limited uptake by plants. The drop in fugecity from plant
to cow may be a combination of the first and second factors, degradation and reduced
absorption in the digedtive tract. McLachlan (1996) found that the 2,3,7-8-subdtituted
polychlorinated dibenzo-p-dioxins and furans, which have samilar hydrophobicities (Kow
of 10° - 10°) to DEHP (Kow of 107-%%), but are highly persistent, may biodilute by a factor
of 10 to 100 between ar and human breast milk. This is lower than the biodilution effect
obsarved for DEHP of >300 and suggests that for DEHP degradation (i.e.
biotransformation) contributes to the biodilution effect (Figure 11).

The observed biodilution of DEHP must be regarded as fortuitous because it reduces
human exposure, which would be much greater if the food supply was in equilibrium
with the ar. Further, the lack of DEHP biomagnification will limit the exposure of upper
trophic levels to the more toxic metabolite of DEHP, the monoethylhexyl ester, MEHP,
which is formed by enzymatic hydrolyss of DEHP in the intetine and liver of
organisms. MEHP is water soluble and will not bioaccumulate or biomeagnify in the food
chain, but rather will be excreted (or conjugated and excreted) in the urine of the
organigm in which it isformed.

This approach of plotting fugacity as a function of medium can, we believe, provide
interesting ingghts into chemica fate. We expand on its basis below.
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To a firg gpproximation a chemica present in the environment is seeking to equdise its
fugacity in dl media Some natural processes such as food digestion can cause an
increese in fugacity for some subgtances resulting in an increase in concentration i.e.
bioconcentration. As a result, a persstent hydrophobic substance will tend to display a
condant fugacity across dl media, but higher fugacities in media subsequent to digestion,
such asin milk. Thisisobserved for HCB (above) and some PCBs.

A hydrophobic substance that is less peragent (i.e. more reective) will display a
decreasing fugacity from source to snk because the rate of loss in “sSnk” media is
aufficient to reduce fugaedities, there being insufficient time for the solute to diffuse in
adequate quantities to equdise the fugecity. A fugacity gradient gpproach of this type
thus indicates two features of the chemical’ s behaviour:

1 It is likey that the highest fugacity medium is the primary source and the
lowest fugacity mediatend to be sinks subject to transport from the source.

2. The downward source to snk dope is an indication of reactivity, i.e high
negative dope corresponds to high reactivity and short hdf-lives or
persistence.

3.2.3 Heterogeneity in concentrations asfurther evidence for DEHP degradability

A chaacterigic of persgent organic substances is that they tend to have farly
homogeneous concentrations in a specific medium.  This is because the quantity in the
medium is large rdative to the input or output rate of chemicad. Note tha the ratio of
quantity/input rate represents a resdence time.  The net result is that dthough there may
be local discharges, the substance has time to mix throughout the medium and migrate
between media  If the substance degrades more rapidly and is less perastent there is less
time to mix, the quantity in medium is less, and greater heterogeneity in concentrations is
expected.
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3.24 Summary of findings on degradability of DEHP in the environment

In the case of phthdae eders the high medium heterogeneity and the “biodilution”
discussed above drongly indicate that these substances have rddively  short
environmenta hdf times. They are not persstent to the same extent as compounds such
asHCB, DDT and higher molecular weight PCBs.

The degradation rates sdected by CEMC and Keml for ther EUSES smulations are
summarised in Table 3 and appear to be in reasonable agreement.

3.3  Environmental emissions

As pat of the ACC contract, discussed earlier in the Introduction, Exxor-Mobil
Biomedicd Sciences have edimated the environmentd emissons of a range of phthaate
eders including DEHP (EMBSI, 2000). The emissons edtimates of EMBS were
cdculated on a per cgpita bass, which facilitates the cadculation of emissons to different
EUSES scenarios based on human population assumptions.  The human population of the
entire EU, which is the area moddled in the EUSES *“continenta” scenario, is 370
million and the human population of the EUSES “regiond” scenario used by Keml is 20

million.

The edtimated emissons to the EUSES region used by CEMC, which are based on the
work of EMBSI (2000), are tabulated together with the emission estimates sed by Keml
in their EUSES based risk assessment of DEHP (Table 5). The totad amounts of DEHP
emissons esimated by Keml for the EUSES “continenta” and “regiond” exposure
scenarios are a factor of gpproximately 1.6 and 3 higher, respectively, than the emissons
used by CEMC. More importantly, there are large differences in the reative amounts
emitted to the different environmental media EMBS (2000) esimate a much grester
proportion being emitted to ar and reaively less being emitted to surface waters and
soils.  This different emisson profile has a large influence on the predicted environmentd

concentrations in environmental media
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Emissons to wastewater treatment plants have been st to zero for the CEMC EUSES
smulations, but this does not mesn we have neglected to include relesses from
wadewater treatment plants in the emisson inventory. EMBS (2000) included
wastewater emissions in the “emissons direct to surface water” category. The emissons
of DEHP directly to surface waters cacuated by Keml are 0.1 x 3620 (assuming 90% is
removed during wastewater treatment) + 7330, which sums to a tota of 7692 tonnes/year.
This compares to the total of 333 tonnes'year used by CEMC, which includes emissons

direct to surface waters and those coming via wastewater treatment works.

There are three types of soil in EUSES, namdy “naturd”, “agriculturd” and “industrid”
0il. Keml assume that dl emissons to soil are to the “indudtrid” soil. For consstency,

CEMC have made the same assumption.

Table5. Environmental Emission Rates (tonnesyear) of DEHP used in the EUSES
smulationsby CEMC and Keml

Continental Emissions CEMC Keml

Emissonto ar 7,438 682
Emisson to surface water 333 4124
Emisson to industrid soil 417 8,247
Tota 8,187 13,053

Regional emissions CEMC Keml

Emissonto ar 402 76.1

Emisson to surface water 18 488

Emission to indugtrid soil 225 931
Tota 443 1,495
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40 DISCUSSION OF EUSESMODELLING RESULTS

4.1  Comparison of EUSES PECswith monitoring data

Keml and CEMC EUSES predicted regiond and continentd environmentd
concentrations (PECs) are compared with observed concentrations from the recent
ECPI/RIVM monitoring program (Table 6, Figure 12). The two sats of monitoring data
represent (1) the median of the concentrations reported in various media by ECPI/RIVM
and (2) the estimated ranges for concentrations a different spatid-scdes estimated from
the cumulative histograms of the ACC data.

The CEMC EUSES regiond and continental smulations compare favourably with the
monitoring data, whereas the Keml EUSES regiond smulations overestimate the weter,
sediment and soil concentrations and underestimate the ar concentrations.  As the
physica-chemical properties and degradation hdf-lives that were used as inputs in both
gmulaions are sSmilar, the main cause of the disparity between CEMC's and Keml’'s

PECs is the difference in the emissons rd ease scenario.

A vdiddion issue that arises with thess, and indeed with dl mass baance models is that
there may be some cancdlation of errors. For example, a concentration may be correctly
predicted by usng an over-esimate of emisson rate and an over-edimae of reactivity
(or correspondingly an under estimate of hdf-life). The modd provides a condraint on
the relationship between these variables, for example, in this case the product of emisson
rale and hdf-life is known. There are dso condraints of “reasonableness’ for each
variable that tends to narrow the range of possible vaues. In the present Stuation the
various parameter values sdected by the CEMC are judged to be both reasonable and in
accord with monitoring dataa.  We do, however, preclude the possbility of some error

cancelletion.
The discrepancy between the Keml/EUSES concentretion in air and the monitoring data

suggests that the product of their emission rate and hdf-life is in error, i.e. it is too low.
This could be satisfied by an increase in emisson rate by a factor of 5 to 10 or a
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corresponding decrease in hdf-life in ar. It seems inconcavable that the hdf-life in ar
is much shorter than the assumed 1 day, thus the evidence is compelling that the emisson
rate must bein error, by being underestimated.

4.2  Comparison of PECsfrom EUSES and fugacity models

In Figure 13 the PECs from the EUSES regiond modeling scenario are compared to
PECs from a Leve Ill regiond fugecity modd cdibrated to the EUSES environment.
The same chemicd inputs have been used for both modds. The Leve 11l fugacity modd
has been calibrated by changing the bulk properties of the environmenta compartments
and mass-trander coefficients in the modd to those used in the EUSES regiond
environment.  Equations used to describe environmenta partitioning, however, have not
been dtered in the fugacity modd. As can be observed (Figure 13) the EUSES and the
Leve Il fugacity modd are in good agreement with each other. This is not unusud as
the regiond mode within the EUSES framework, known as SmpleBox (van de Meent,
1996) is essentidly a Leve 11l modd. Further, SmpleBox and Leve 11l fugacity modds
have previoudy been shown to give very smilar predictions, usng the same chemica
input data and a standardised environment (Cowan et a., 1995).

43 Persistence

The modd predicts that when total emissons to the environment are 440,000 kg/year
(about the amount estimated to be emitted to the EUSES-region) the totd inventory in the
environment is 126,000 kg. As a result the resdence time is 126,000/440,000 or 0.3
years. Mahemdicdly this is a “characteridic time’ describing DEHP dynamics in the
system. A dynamic modd of DEHP under initid conditions of zero concentrations, then
sustained congtant emissions would display an gpproach to a steady Sate that would be
essentidly complete after three characterigtic times or 09 years.  Similaly, if DEHP
emissons were stopped entirely the sysem would clear of DEHP amogt entirdly in 0.9
years.

The implication is that, snce DEHP has been in use for many decades, it mugt have
resched a Seady State condition in the environment, thus the use of a steady State mode



is farly judified. Fears that conditions may be getting progressively worse as a result of
accumulation of DEHP from past discharges are unfounded.

4.4  Bioaccumulation

Conventiond bicaccumulation models as used in Levd 1l and EUSES ae based on
equilibrium partitioning of the chemicd between its dissolved concentration in water and
the organism’'s tissues (as characterised by Kow), but supplemented by a possible
concentration increases reaulting from food ingestion and digestion.  This cdculation
contains the implicit assumption that ratios of lipid to water concentrations are potentidly
of the order of Kow, but modified by possble biomagnification and metabolism which
respectively increase and decrease the ratio. To be redidtic, the concentration in water
must be bdow the solubility limit.  Any DEHP present above the solubility limit mugt be
in a nonraqueous phase and therefore not available for bioconcentration. The use of such
upersaturated concentrations in - bicaccumulation modes is thus invadid. It would be
useful for modds such as EUSES to contain such a check and stop or a least flag such

gtuations thus avoiding misnterpretation of results.

This isue is of paticular importance in the locd exposure scenarios where
concentrations tend to be highest. The use of solubilities above the water concentration
in bioconcentration caculations has occurred in the draft EU. risk assessment of DEHP
(NCI, 2000). For example, in the EUSES predicted loca water concentration resulting
from production of DEHP (Use Paitern 1 in EUSES terminology) was 0.8 mg/L, which is
nearly 270 times higher than the water solubility. The bioconcentration factor for fish
used in EUSES smuldaions is 840, thus if the predicted locad concentration is used to
cdculate a fish concentration a vaue of 672 mgkg is obtaned, which is a least 270

times too high.
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Table 6. Comparison of EUSES PECswith monitoring data

Monitoring data Model PECs
Media EUSES
Spatial .
Seale Derived from | RIVM/ECPI CEMC Keml CEMC PECs
ACC monitoring EUSES EUSES fromalLevd Il
database data PECs PECs fugacity model*
Totd ar Continental 1 - 5.0 0.002 -
(ng/n™) Regiond 10 17 14 0.02 11
Totd surface Continental 0.03 - 0.015 0.36 -
water (ug/L) Regiond 0.3 0.46 0.06 3.0 0.05
Sail Continental - - 8.2 38 -
(Lg/kg dry) Regiond 482 28° 26* 350* 41
Sediment Continental 0.01 - 0.24 4.0 -
(mg/kg dry) Regiond 0.3 0.5° 1.0 23 0.87

! Calibrated to the EUSES regiond scenario.
2 Weighted-average calculated from three studies reporting soil concentrations.
3 Assuming soil has an organic carbon content of 0.02 wiw.
4 Weighted average of three soil types: “natural”, “agricultural” and “industrial” based on fraction of total soil surface area covered by
each s0il typei.e. average soil concentration = (areafraction industriad soil x concentration industrial soil) + (area fraction naturd soil

x concentration natura soil) + (areafraction agricultura soil x concentration agriculturd soil).

® Assuming sediment has an organic carbon content of 0.1 wiw.
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5.0 CONCLUSONS

It has been shown that a careful anayss of fidd monitoring data is vitd for meaningful
cdibration of mass baance models. Either a specific monitoring program is needed or a
large effort is needed to extract gppropriate data from the literature.  The high variability
in environmenta concentrations is attributed to two factors, ranging proximity to sources
and the inherent short residence time or perdstence of DEHP, which tends to cause
heterogeneous concentrations.  Plotting monitoring data as hisograms provides useful
ingghts into the didribution of the monitoring data and provides a tool for partitioning
monitoring data into the three EUSES spatid scales, which are based on proximity to
locd sources By trandforming environmental concentrations into fugacities it was
clearly demondrated that DEHP biodilutes by severa orders of magnitude in aguetic and
terrestrid food chains.

The physicd-chemicd properties and degradation rates used as inputs by Keml to the
EUSES modd are in good agreement with those recommended with CEMC. The only
exception was a low vaue of the octanol-water partition coefficient, Kow, but the results
are relatively insengtive to this quantity. Degradetion rate data in the form of haf-lives
were compared with current estimates and found to be reasonable The sediment haf-
lives are problematic in that the estimate of an gpproximately 300 day hdf life in surface
sediment seems reasonéble. The suggestion that in deeper sediments the hdf-life is
orders of magnitude larger is, in our view, quedionable given the presence of
bioturbation and episodic resuspenson. For DEHP to experience such a difference in
haf-life implies very different conditions that are sustained for a period of ten or more
years. A further implication in that any such DEHP isnot “available’.

Based on a comparison of modd predictions with actud environmenta concentrations,
DEHP emissons to air gppear underestimated, whereas emissons to surface water appear
overestimated in the draft EU risk assessment undertaken by Keml.
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CEMC, udng recent emission esimates obtained by EMBSI (2000), have successfully
reconciled measured environmental concentrations with emisson estimates for both the
continental-scale and regiond-scde EUSES smulaions.  In our opinion this supports the
view that these more recent emisson edimates are redigic. The modd has thus
successfully reconciled the known properties of DEHP with the proposed emisson rates
and the monitoring data  There is the caveat that there has been some cancdlation of
errors within the modd to give a good agreement between PECs and monitoring data, but
such erors are believed to be reatively smal in magnitude given the condraints between

the various parameters.

Since DEHP has been in use for many decades, we believe that it must have reached a
deady date condition in the environment, thus the use of a deady state modd is fairly
judtified.  Fears that conditions may be getting progressvely worse as a result of
accumulation of DEHP from past discharges are, in our view, unfounded. The fact that
emission rates and observed concentrations were reconciled with a steady state modd is

further support our supposition.

The EUSES *“regiond” moddling scenario was shown to give very smilar output to
Leve 11l (non-equilibrium gteady date) fugacity modes. This is expected as the EUSES
“regiond” modd is based on SmpleBox, which in turn was based on a Levd 1l fugacity
modd.

Any DEHP present above the solubility limit must be in a nonagueous phase and
therefore not available for bioconcentration. The use of such supersaturated
concentrations in biocaccumulation models is thus invdid. It would be useful for modes
such as EUSES to contain such a check and stop or at least flag such Stuations thus

avoiding misinterpretation of results.
We hypothesse tha many of the samples showing high levels of DEHP actudly contain

plagic materid (notably PVC) in which the DEHP is present as a pladticiser.  This has
been observed previoudy for dust and dudge samples (Tienpont et d., 1999). During
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sample work-up the DEHP is extracted from the polymer matrix. It is likdy tha the
plagic materid consss of smal particles that have been abraded from plagtic items, or
represent the remnants of degrading plagtic products. DEHP in this dtate is not readily
“avalable’ and does not contribute to the dissolved concentration or the fugacity of the

substance. For example, it is not readily bioavailable, nor can it evaporate,
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6.0 RECOMMENDATIONS

We recommend that when undertaking EUSES based risk assessments that the wedth of
avalable monitoring data is fully utilised to better chaacterize and didinguish
continental, regiond versus locd exposure scenarios.  Visudising monitoring data, for
exanple by plotting histograms, is recommended as a ussful way to delineate spatid
scades.  Idedly monitoring programs should be designed specificdly to obtain data for the
different spatid scaes smulated by EUSES. Modd cdibrations can be meaningless if
ingppropriate monitoring data are used.  Further multimedia moddling programs should
be set up in Europe for the cdibration of EUSES. Soil data are often neglected, but they
are important for DEHP, because soil is the primary medium of accumulaion for this
hydrophobic compound.

We recommend that the assumptions regarding the emission release scenarios (i.e
fraction relessed to ar versus water) for DEHP be reassessed. There seems to be
convincing evidence, based on rdative fugacities in media and on moddling results, that
ar isthe primary medium of discharge.

Findly we recommend that environmenta degradation hdf-lives should be reassessed as
new data become avalable. These vitd input data are often difficult to obtain because
there are no sandad methods for messuring overdl degradetion hdf-lives in
environmentd media Modd cdibration exercises such as those presented in this report
help to build confidence that the assumed environmentd degradation hdf-lives are

indeed cong stent with fidd measurements.

We suggest thet in future monitoring programs of DEHP and other polymer additives it is
desrable to test the hypothess that samples containing high levels of DEHP contan
PVC. This can be done by the following procedures which should be done under serile

conditions;
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Sequentidly extract a sample of sediment with water under equilibrium
conditions to determine if the sediment-water partition coefficient remans
congant. Thiswill also show if afraction of the solute is not extractable.

Usng a fidd sample of sediment, equilibrate it with water, sample and
measure the concentrations and determine the partition coefficient, then add
more DEHP and determine the new partition coefficient. This will show if the
“old” and “new” solute are subject to the same partitioning phenomena.

An examination of biotarsediment accumulation factors (BSAF) may reved
anomdies. If the solute is present in a non-available form the BSAF will be
gndler than expected. This may, unfortunately, be complicated by
metabolism.

Companion andyss for PVC content should be done usng pyrolyss-GC-MS
(Tienpont et d., 1999) to obtain an indication of the potentid for DEHP in
PVC to contribute to the sediment concentrations. A datisticd andyss of
DEHP and PVC contents may reved a rdationship indicative of DEHP being
present in a PV C phase.
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