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Dr. George Alexeeff
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1001 I Street,
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Dear Dr. Alexeeff:
ExxonMobil Chemical Company (ExxonMobil) is providing this package of information
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Health Hazard Assessment (OEHHA) in its prioritization of DINP for development of Hazard
Identification material. We are providing copies of pertinent studies on a separate CD; a
summary of the information provided by these studies is given in the text and tables of this letter.
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the undersigned at laura.n.winks@exxonmobil.com, (281) 870-6439, or any of the scientists
listed below.
Bob Barter, Ph.D., robert.a.barter@exxonmobil.com, (908) 730-2153
Rick McKee, Ph.D., DABT, richard.h.mckee@exxonmobil.com, (908) 730-1037
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Sincerely,
Laura N. Winks
cc:

Dr. David A. Eastmond
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INTRODUCTION AND OVERVIEW
At the Carcinogen Identification Committee (CIC) meeting on May 29, 2009, the CIC
recommended to OEHHA prioritization categories for 38 chemicals, including DINP. Dr. David
Eastmond was the CIC member responsible for summarizing the data on DINP and making a
recommendation for its priority category. His initial recommendation was that DINP be placed
in the “high” category, based largely on concerns about human exposure to DINP. 1 After public
comments, his final recommendation was to put DINP at the lower end of the high priority
category, which was the recommendation the CIC accepted pending confirmation that exposures
are low. 2
The information provided herein demonstrates that exposures to DINP are indeed very
low for all subpopulations, including children. For this reason, and the reasons presented in its
May 5, 2009 comments to OEHHA, ExxonMobil continues to believe that DINP should be
considered a low priority for development of Hazard Identification material.
Over the past decade, several biomonitoring studies have been conducted on human
populations. The studies analyze concentrations of DINP metabolites in spot samples of urine.
Methods for converting these metabolite concentrations to the corresponding DINP exposures
have been published, and the resulting DINP exposures indicated by the data are very low – far
below the conservative acceptable daily intake (ADI) developed by the Consumer Product Safety
Commission (CPSC). This is true for children and all other subpopulations for which data have
been presented.
Part I of the following explains the process for converting biomonitoring data, consisting
of analyses of urinary concentrations of DINP metabolites, to the corresponding DINP
exposures. We note the three differing values that studies have used for the molar fraction of the
monoester metabolite (MINP). Two values are extrapolated from data on other phthalates of
similar molecular weight. One of the values and the molar fraction values for the oxidative
metabolites are based on a study of a single dose administered to a single volunteer. Results
from a study conducted on 20 adult volunteers will be available with the next several months;
those results will provide greater certainty regarding the correct molar fractions.
Part II provides a summary of biomonitoring studies on DINP conducted by the Centers
for Disease Control and Prevention (CDC), which involved analyses of the monoester, MINP.
Part III discusses recent biomonitoring studies that analyzed the oxidative metabolites of
DINP. Both parts include tables that provide the DINP exposures calculated from the
biomonitoring data. As shown, whether based on the monoester or the oxidative metabolites, the
exposures to DINP are all well below the conservative ADI. 3

1

CIC May 29, 2009 Meeting Transcript [hereinafter “Transcript”], p. 22.

2

Transcript at 97 and 159; OEHHA (2009).

3

The derivation of the ADI is explained in the Appendix to this document.
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Part IV discusses the issue of children’s exposures to DINP. The available data indicate
that these exposures are very low.
Part V addresses concerns raised at the CIC meeting regarding other subpopulations and
the degree of DINP exposure. The available biomonitoring data indicate that there is very little
difference in DINP exposures between various subpopulations. The exposures as measured by
biomonitoring data are less than exposures that had been previously estimated on the basis of
environmental media data. The biomonitoring captures all sources of DINP exposure by giving
the aggregate exposure, and that exposure, whether based on the monoester or on oxidative
metabolites, is very low.
Overall, the biomonitoring and exposure data for DINP paint a reassuring picture – that
exposures to DINP are very low. These data support a prioritization of DINP for development
of Hazard Identification materials in the low category.
I.

CONVERSION OF BIOMONITORING DATA TO HUMAN EXPOSURES

To date, the majority of biomonitoring for DINP has consisted of analysis of human urine
spot samples for metabolites of DINP. Initial efforts measured levels of the monoisononyl
phthalate (MINP), the first metabolite of DINP, which is formed by cleaving one of the two alkyl
chains from the benzenedicarboxylic acid moiety. More recently, analysis has included other
secondary metabolites formed by oxidation of MINP. The results are reported as micrograms of
metabolite per liter of urine (μg/L) and, in some cases, as micrograms of metabolite per gram of
creatinine (μg/g). Creatinine adjustment is used to correct for variations in urinary dilution of
spot samples (e.g., Shealy et al., 1997).
To have meaning for risk assessment, the urinary concentration of the metabolite must be
converted to the level of DINP exposure, in micrograms per kilogram of body weight per day
(μg/kg/day) that was required to provide the observed urinary concentration. This then enables
comparison of the exposure indicated by the biomonitoring to acceptable dose values derived
from animal toxicology testing.
David (2000) and Kohn et al. (2000) have provided a formula for converting urinary
creatinine-adjusted concentrations of phthalate metabolites to the associated DINP exposure,
which can be represented thus:
DINP exposure (μg/kg/day) = UE (μg/g) x C mg/kg/day) x MWd
F x 1000 mg/g x MWm
where:
UE = urinary concentration of the metabolite per gram of urinary creatinine;
C = daily urinary creatinine clearance normalized by body weight;
F = the ratio of moles monoester excreted per moles diester ingested;
MWd = the molecular weight of the diester; and
MWm = the molecular weight of the metabolite.
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For creatinine clearance (C), David (2000) used a value of 20 mg/kg/day for adults, taken
from Tietz (1986). That source also provides creatinine clearance rates of 11 mg/kg/day for
children and 9.8 mg/kg/day for infants. Kohn et al. (2000) used values of 23 mg/kg/day for men
and 18 mg/kg/day for females, taken from Harper et al. (1977).
David (2000) used a molar ratio (F) based on Anderson et al. (2000). That group had
administered known doses of phthalates to three human volunteers and measured the amounts of
monoesters then excreted in the urine. Anderson et al. did not include DINP in the study, so
David used the reported value for DIDP of 0.18. 4 Koch et al. (2000) took their molar ratio
value from a study by Peck and Albro (1982), which provides detailed data for a single
individual that received DEHP intravenously. Again, DINP was not part of the study; therefore,
Koch et al. used the DEHP molar fraction for DINP, giving a value of 0.11. More recently,
Koch and Angerer (2007) administered a single dose of deuterium-labeled DINP to a single
volunteer and measured urinary concentrations of metabolites with hydroxy, oxo and carboxy
functional groups (OH-MINP, oxo-MINP, and carboxy-MINP, respectively). This yielded molar
ratios of approximately 0.20 for OH-MINP, 0.11 for carboxy-MINP, 0.11 for oxo-MINP and
0.022 for the monoester, MINP. 5 A study sponsored by the European Council of Plasticizers and
Intermediates recently has measured the conversion and excretion of DINP metabolites in 20
adult human volunteers following ingestion of known amounts of DINP. The report for this
study is anticipated later this year; ExxonMobil will forward the study results to OEHHA when
they are available and those results will provide greater certainty regarding the correct molar
fractions.
The molecular weight of DINP (MWd) is 419 that of MINP (MWm) is 293. OH-MINP
has a molecular weight of 308, oxo-MINP 307, and carboxy-MINP 322.
If creatinine-adjusted values are not available, Wittassek et al. (2007) provide the
following equation:
DINP exposure (μg/kg/day) = MUE (moles/L) x UV (L) x MWd
F x BW (kg)
where MWd and F have the same meanings as above and:
MUE = the urinary concentration of the metabolite, converted to moles per liter;
UV = the volume of urine excreted in 24 hours; and
BW = individual body weight.

4

At the time, this study appeared only in abstract form. The full study report was subsequently
published as Anderson et al. (2001), but did not include the results for DIDP.

5

Wittassek et al. (2007) report the excretion fraction, based on Koch and Angerer (2007), to be
19% for OH-MINP and 10% for oxo-MINP.
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Wittassek et al. (2007) had urinary volume (UV) and body weight (BW) values
for each individual in their study of adults, but did not report those data. However, on average
the adult 24-hour urinary volume is about 1.6 liters 6 and the standard adult body weight used in
toxicology is 70 kg.
II.

CDC MINP BIOMONITORING

The CDC has published a series of three reports that include the results of urinary
metabolite levels for several phthalate esters, including DINP. CDC uses urine samples
collected across the United States as part of the National Health and Nutrition Examination
Survey (NHANES). The samples from the first three reports were analyzed for the MINP
metabolite and the results are reported both as micrograms per liter (μg/L) and micrograms per
gram of creatinine (μg/g).
The first CDC results for phthalates were released in a journal article that reported the
results of phthalate monoester analyses for NHANES samples collected from 289 adults
(weighted toward minority groups) during 1988-1994 (Blount et al., 2000). David (2000) and
Kohn et al. (2000) were published in the same issue as Blount et al. and provided values for
DINP exposures derived from the Blount et al. data.
In 2001, the CDC published its first National Report on Human Exposure to
Environmental Chemicals (“Exposure Report”) (CDC 2001). It provided results from a
population of 1029 individuals sampled in the 1999 NHANES survey. CDC published a second
Exposure Report in 2003 (CDC 2003). That provided the results of analyses from the 2001
report population combined with the results from an additional population of 1512 individuals
sampled in the 2000 NHANES survey, for a total sample size of 2541. The reported results were
broken out by age, gender and race. In 2005, CDC published its third Exposure Report (CDC
2005). It reports the values in the second National Report, and separately provides values from a
population of 2721 individuals sampled in the 2001 and 2002 NHANES surveys. In all cases,
the sampling was designed to be representative of the U.S. population. A fourth report is
expected to be released by the CDC in the last quarter of 2009.
Table 1 provides results from the various CDC reports and the calculated DINP
exposures indicated by those results, using the methodologies of David (2000) and Koch et al.
(2000). Several points are evident from the table:

6

•

For all years of sampling and all demographic groups, the median value was less than the
level of detection (LOD). The LOD was very low – 1 μg/L for Blount et al. (2000) and
0.8 μg/L for the CDC exposure reports, indicating median DINP exposures are minimal.

•

The indicated exposures are well below the conservative ADI derived for DINP.
Regardless of the year of sampling, the demographic breakdown, or the molar fraction
used for the calculations, the highest 95th percentile value is 9.1 micrograms per kilogram

See Diem and Lentner (1970); Medline Plus (2007); Mayo Clinic Staff (2008).

5 of 23

HUMAN EXPOSURE TO DIISONONYL PHTHALATE (DINP)
per day (μg/kg/day). This is over 12-fold below the ADI of 120 μg/kg/day, which itself
is 100-fold below the calculated benchmark dose, which in turn is 7-fold below the
highest NOAEL below the lowest LOAEL in rodents (see Appendix).

III.

•

The data suggest that exposures in the U.S. have been decreasing over time. For
example, the 95th percentile value of MINP for the total population, in μg/g creatinine,
has gone from 6.8 in Blount et al. (samples from 1988-1994) to 4.29 in the CDC second
Exposure Report (samples from 1999-2000), to less than the LOD in the third Exposure
Report (samples from 2000-2001). 7 This pattern is consistent for all demographic
groups.

•

While there are slight differences in the 95th percentile values of MINP between ethnic
groups, the differences are reduced and sometimes reversed by consideration of the
creatinine-adjusted values versus the raw urinary concentrations. For example, in the
second Exposure Report, the 95th percentile urinary concentration of MINP in nonHispanic Blacks was nearly twice as great as that in non-Hispanic Whites. However,
with creatinine adjustment, the value for the Whites was slightly higher than the Blacks.
In all cases, the differences are so slight that, within the likely margins of error, they are
essentially identical.
OXIDATIVE METABOLITE BIOMONITORING

The hydrolytic monoester of DINP, monoisononyl phthalate (MINP), has been used as a
single biomarker for human exposure assessment. However, the detection of MINP can be low
due to the fact that MINP can be further metabolized to form oxidative metabolites before being
excreted in the urine (Silva et al., 2006). For example, in a report published by Koch and
Angerer (2007), a single bolus dose of deuterium-labeled DINP (1.27 mg/kg-bw) was
administered to a single individual with multiple urine samples taken during a 48 hour period for
quantification of metabolite formation and excretion. Within 48 h, 43.6% of the applied dose
was recovered in urine primarily as oxidative metabolites: 20.2% as OH-MINP, 10.7% as
carboxy-MINP, 10.6% as oxo-MINP and 2.2% as MINP. Oxidative metabolites of DINP were
first theorized to exist in rats, (McKee et al., 2002) but were not identified in humans until 2006
(Silva et al., 2006).
The DINP-related values reported in Blount et al. (2000) and the three CDC Exposure
Reports were concentrations of the monoester metabolite, MINP. More recently, researchers in
the CDC laboratories and researchers in Germany have analyzed urine samples for oxidative
metabolites of DINP as they have been identified. Silva et al. (2006) of the CDC analyzed
samples collected in 2005 from 129 adult volunteers in the U.S. Koch et al. (2007) analyzed
samples from 25 individuals, 12 females and 13 males, in Southern Germany with ages ranging
between 6 and 73 years. Wittassek et al. (2007) performed a retrospective study on samples in
the German Environmental Specimen Bank for Human Tissues that were collected from 634
7

CDC did not report a 95th percentile value in its first Exposure Report; the 90th percentile in that
report was 3.8 μg/g.
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subjects; primarily students age 20-29, 326 males and 308 females. The metabolite
concentrations calculated in these studies are presented in Table 2.
Based on the metabolite concentrations calculated in these studies, we have calculated the
corresponding DINP exposure using the equations described in Part I above for Table 2. In
general, the calculated DINP exposure based on a given oxidative metabolite are in agreement
between studies and well below the ADI. Some variability is noted between the studies and is
likely the result of several factors. For example, the molar fractions (conversion factors) are
based on data from a single volunteer administered a single dose of labeled DINP (Koch and
Angerer, 2007). Additionally, differences in geographic location, sample population
demographics, random statistical fluctuations, variation inherent in the collection of spot samples
of urine from many individuals, and the exacting preparation and analytical techniques required
for detection of low part per billion concentrations when measuring metabolite concentrations all
contribute to the observed variability.
Based on the measured DINP oxidative metabolites, the calculated exposures to DINP
(Table 2) in all cases, even the 95th percentile, are very low and well below the conservative ADI
of 120 μg/kg/day, which is itself over 1000-fold below a level in which minor effects were seen
in rats. 8
Additionally, while the above mentioned studies have sufficient sensitivity to detect
DINP exposure in a larger fraction of the population based on oxidative metabolite levels,
because the levels of DINP exposure calculated from the oxidative metabolites are on the same
order as those derived from the CDC monoester analyses (See Table 3) and well below the
conservative ADI it can be seen that DINP exposure from all types metabolites are very low.

IV.

CHILDREN’S EXPOSURES

At the May 29 CIC meeting, Dr. Eastmond indicated concern about exposure of children
to DINP, and he appeared to suggest that if children’s exposures are low he would recommend
lowering DINP’s priority category. 9 The data reported to date indicate that children’s exposures
are indeed very low.
Biomonitoring data for children are more limited than for adult populations, but the data
that are available indicate very low exposures to DINP. The CDC biomonitoring has included
children from 6 years of age up, and has broken out the biomonitoring data by age group. As
shown in Table 1, in the second Exposure Report the calculated 95th percentile DINP exposures
for children ages 6-11 years are slightly less than those of the total population, and are far below
8

See the Appendix for an explanation of the derivation of the ADI. The CPSC Chronic Hazard
Advisory Panel on DINP (CHAP) derived and used that ADI for its assessment of risk to
children, based on the most sensitive endpoint (considering both cancer and non-cancer data)
(CHAP, 2001, pp. 122-123).

9

Transcript at 94.
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the conservative ADI value, which is itself over 1000-fold below a level in which minor effects
were seen in rats (see Appendix). In the third Exposure Report, children’s exposures were below
the level of detection even at the 95th percentile.
Brock et al. (2002) analyzed phthalate monoesters in urine samples from 19 infants, aged
11.8 to 16.5 months. Mono-isononyl phthalate (MINP) was not detected in any of the samples.
In addition to biomonitoring data, a number of fairly detailed studies have been
performed to estimate potential child exposure from mouthing of toys (RIVM, 1998; CPSC
2002; Sugita et al., 2003). In general, as additional mouthing data have been collected over time,
the ability to focus on toy-specific mouthing events has led to reduced estimates of exposure for
child mouthing of plastic toys. In comparing exposure estimates across studies, it is thus
important to consider which mouthing events (i.e., toys, fingers, clothing, etc.) were included in
the mouthing time estimate.
In 2001, the Chronic Hazard Advisory Panel (CHAP) developed an estimate of a
plausible upper bound on the extent of potential DINP exposure from children’s toys. CHAP
indicated a number of areas of uncertainty in the exposure estimate which could be addressed to
develop a more definitive estimate. Following the CHAP 2001 assessment, a number of these
areas of uncertainty have been addressed. Specifically, the subsequent CPSC 2002 analysis
includes consideration of data developed on the portion of toys that contain DINP, additional
migration data specific to toy products, and a new observational study that included better
categorization of mouthing activities by item mouthed.
The 2002 CPSC document indicated: “The staff concluded that oral exposure to DINP
from mouthing of soft plastic toys, teethers and rattles is not likely to present a health hazard to
children. Since children mouth other children’s products less than they do toys, teethers and
rattles and since dermal exposure is expected to be minimal, staff does not believe that other
children’s products are likely to present a health hazard to children.” In support of this
statement, CPSC cited exposure estimates determined by CPSC staff based upon the new
mouthing observation study and the new toy-specific migration data (see Tables 4 and 5).
CPSC indicates that these estimates include a number of conservative hypothetical analyses.
The observational study used to develop these exposure estimates represents the largest
mouthing study to date with the greatest level of categorization. The survey included 169
children ages 3-36 months. Trained observers watched each child for 12- twenty minute periods
over 2 days. Items mouthed were placed into one of 13 categories. Most importantly, this study
included soft plastic toys as a specific category. This study found that the largest single nonpacifier category was anatomy (fingers, hands, skin). Soft plastic toys represented only a small
part of mouthing time. CPSC (2002) also presented a comparison of results from this study with
other mouthing studies for the category of non-pacifier mouthing time (indicated to be the
smallest category that was the same for all 3 studies examined) (see Table 6). This comparison
shows that on an equal category basis, the CPSC mouthing time observations were similar to or
greater than those of other studies.
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The newer studies enabled CPSC to address the CHAP (2001) comments: “Based upon
the results of the CPSC observation study which was not complete when the CHAP met, CPSC
staff believes it is very unlikely that children will mouth soft plastic toys for more than 75
minutes per day.” Further, the results of the new observational study indicate a mean mouthing
time for soft plastic toys of 1.3 minutes/day for the 3-12 month age group and 1.9 minutes/day
for the 12 -24 month age group (the group with the highest mouthing time) (see Table 5; Kiss
2002, Greene 2002a). Even the hypothetical cases included in Table 5, which were intentionally
conservative, result in low exposure estimates. For example, utilizing mouthing times for all
toys, teethers and rattlers and assuming that 100% of these products contained DINP, estimated
exposures were well below levels of concern for all age groups.
In summary, both child-specific biomonitoring data and child-specific exposure estimates
for mouthing of toys indicate that children's potential exposure to DINP is well below acceptable
daily intake levels. Even the 95th percentile values of the hypothetical mouthing scenarios of
the CPSC analysis, designed to provide estimates greater than expected exposures, were well
below the ADI. Together, this information consistently supports that child-specific exposures
are low.

V.

OTHER SUBPOPULATIONS AND DEGREE OF EXPOSURE

Comments at the May 29 CIC meeting raised some DINP exposure concerns which were
not warranted. At the meeting, Dr. Eastmond stated:
[T]he woman from UCSF mentioned that by looking at other
metabolites, there's actually widespread exposure in a subpopulation, and they're not sure how this is occurring. . . . I guess
the real thing for me comes down to the children's exposure, and
are there sub-populations that are exposed at fairly high levels? 10
The statements to which Dr. Eastmond was referring were as follows:
And in that study [Silva et al., 2006], which is not listed in your
recent studies, they found a subset of the population, which was
essentially adult men, when they looked for a different metabolite
than they looked for before, it was an oxidative metabolite. They
looked for three different ones and they found them in over 97
percent of the people in that study. These were exposures from
sources that we don't understand, but we know that there is
widespread exposure to this chemical. 11

10

Transcript pp. 93-94.

11

Transcript p. 85
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These statements, however, are inaccurate or misleading. The Silva study was not on a subset of
the population, and the results of biomonitoring, regardless of metabolite used, show that the
aggregate exposures to DINP are very low. We discuss these points below.
A.

Subpopulations

The Silva et al. (2006) study was not conducted solely on men. Rather, the authors
characterize the study population as “a demographically diverse group of 129 U.S. adults of both
sexes.” The Silva results were reported for the total group – they were not broken out by gender.
The one study that provides a comparison of male and female DINP exposures is the
second CDC Exposure Report. As can be seen from Table 1, the 95th percentile values for men
and women were approximately equal. 12 In the third Exposure Report, concentrations for both
men and women, even at the 95th percentile, were less than the level of detection.
Children’s exposures are discussed in Part IV, above. The only other subpopulation data
available to date, besides age and gender, are data for different ethnic groups. As shown in Table
1, 95th percentile DINP exposures of Mexican-Americans and non-Hispanic Blacks were
slightly less than those of non-Hispanic whites in the second Exposure Report (samples from
1999-2000). In the third Exposure Report, there were small DINP exposures detectible at the
95th percentile for Mexican-Americans and non-Hispanic Blacks, whereas the 95th percentile
DINP exposure for non-Hispanic whites was less than the level of detection (samples from 20012002). The fourth CDC Exposure Report will provide further data for evaluation of ethnic
exposure differences. In any event, the exposures for each group are very small – well below the
conservative ADI value.
B.

Degree of Exposure

As discussed in Part III, recent studies have shown that a larger fraction of ingested DINP
is excreted as oxidative metabolites than as monoester, making the oxidative metabolites a more
sensitive marker for calculating exposure. Accordingly, whereas MINP concentrations are
below the level of detection in the supermajority of samples, researchers have now been able to
quantify DINP oxidative metabolite concentrations in samples for over 95% of their study
populations.
The analytical methods which have enabled the quantification of DINP exposures at
lower levels do not indicate that exposures are higher or more significant than previously
thought. Instead, it is an indication there is increased sensitivity of the assay quantification
system and still validates that overall exposure is low. Prior to publication of the biomonitoring
studies, exposure estimates based on environmental sampling predicted low levels of exposure to

12

Given the many variables and thus sources of error in the sampling and analyses of metabolites
and calculation of DINP exposures from those data, we believe that values that differ by only a
few μg/kg/day should be regarded as equal.
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DINP for the population in general. 13 With the biomonitoring data, we are able to know what
actual total exposures are without resorting to estimates based on environmental media data and
assumptions about human interaction with those media. Biomonitoring captures all sources of
exposure and shows convincingly that the aggregate exposure to DINP for all segments of the
population is very low.
CONCLUSION
Prior to 2006, MINP biomonitoring was used for back calculation exposure estimates for
DINP. Through advances in analytical techniques and methodology, the identification and use
of oxidative metabolites as biomarkers of DINP has increased assay sensitivity and reduced the
uncertainty in DINP exposure calculations. Biomonitoring the oxidative metabolites of DINP
clearly demonstrate that all-source exposure to DINP is well below the conservative ADI for all
demographic groups. Finally, when focusing on children’s exposure, both child-specific
biomonitoring data and child-specific exposure estimates for mouthing of toys indicate that
children's potential exposure to DINP is well below acceptable daily intake levels.
Thus, ExxonMobil believes that these exposure data, in conjunction with the
toxicological database summarized in its May 5, 2009 comments to OEHHA, supports that DINP
be a low priority for the development of Hazard Identification materials.

13

For example, the Center for the Evaluation of Risks to Human Reproduction (CERHR) Expert
Panel on phthalates estimated exposures to DINP to be less than 3-30 μg/kg/day (CERHR 2000).
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Table 1.
DINP Exposures Calculated from CDC Monoester Biomonitoring Data
MINP Concentration
Parameter
μg/L urine

μg/g creatinine
Blount et al. (2000)
1.3
<LOD
6.8

Calculated DINP Exposure
(μg/kg/day)*
F = 0.18
F = 0.11 F = 0.022

ADI
μg/kg/day

Geometric Mean
50th Percentile
95th Percentile

1.5
<LOD
7.3

0.21
<0.16
1.08

0.32
<0.26
1.7

1.7
<1.3
9.1

120
120
120

50th Percentile
90th Percentile

CDC First Exposure Report
<LOD
<LOD
<0.1
4.3
3.8
0.60

<0.2
1.0

<1.1
5.1

120
120

50th Percentile – Total
95th Percentile – Total

CDC Second Exposure Report**
<LOD
<LOD
<0.1
3.50
4.29
0.68

<0.2
1.11

<1.1
5.72

120
120

95th Percentile – Women
95th Percentile – Men

2.50
4.90

4.29
4.24

0.61
0.77

1.00
1.26

5.02
6.30

120
120

95th Percentile – age 6-11 yrs

5.70

6.00

0.52

0.72

3.58

120

95th Percentile – Mex-Amer.
95th Percentile – non-Hisp. Black
95th Percentile – non-Hisp. White

1.40
6.80
3.50

3.51
4.26
5.00

0.56
0.68
0.79

0.81
1.11
1.30

4.68
5.68
6.67

120
120
120
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Table 1. continued.
50 Percentile – Total
95th Percentile – Total

CDC Third Exposure Report**
<LOD
<LOD
<0.1
<LOD
<LOD
<0.1

<0.2
<0.2

<1.1
<1.1

120
120

95th Percentile – Women
95th Percentile – Men

<LOD
<LOD

<LOD
<LOD

<0.1
<0.1

<0.2
<0.2

<1.1
<1.1

120
120

95th Percentile – age 6-11 yrs

<LOD

<LOD

<0.1

<0.2

<1.1

120

95th Percentile – Mex-Amer.
95th Percentile – non-Hisp. Black
95th Percentile – non-Hisp. White

1.00
1.00
<LOD

2.31
1.62
<LOD

0.37
0.26
<0.1

0.60
0.42
<0.2

3.08
2.16
<1.1

120
120
120

th

NC

Not calculated. CDC stated that the proportion of results below limit of detection was too high to provide a valid result.

LOD Level of detection. For Blount et al. (2000), the LOD was 1 μg/L (see Koch et al., 2000). For the CDC Exposure reports, the
LOD was 0.8 mg/L. Because the LOD was not reported in terms of μg/g creatinine, for purposes of calculating a
corresponding exposure we have assumed the value in μg/g creatinine is the same as that in μg/L urine. As can be seen from
the table, this is approximately true where values were measured and, at the low levels of detection, this assumption makes
only a very slight difference in the result.
*

With respect to the Blount et al. data, we have given the exposure values reported by David (2000) and Koch et al. (2000), as
indicated by italicized numbers. In all other cases, the values were calculated for this submission according to the methods
given in Part I of these comments, using various values for the molar fraction (F). F = 0.18 is the value used by David (2000),
taken from Anderson et al. (2000). F = 0.11 is the value used by Koch et al. (2000), taken from Peck and Albro (1982). F=
0.022 is the value measured by Koch and Angerer (2007), based on data from a single individual. A fourth value for F will be
available within the next few months from a study with data for 20 individuals.

**

The 50th percentile value for each subpopulation was less than the level of detection.
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Table 2.
DINP Exposures Calculated from Oxidative Metabolite Biomonitoring Data
Parameter
th

Metabolite Concentration
μg/L urine
μg/g creatinine

50 percentile OH-MINP
50th percentile oxo-MINP
50th percentile carboxy-MINP
50th percentile MINP

13.2
8.4
1.2
<LOD

95th percentile OH-MINP
95th percentile oxo-MINP
95th percentile carboxy-MINP
95th percentile MINP

43.7
46.2
16.6
<LOD

50th percentile OH-MINP
50th percentile oxo-MINP
50th percentile carboxy-MINP

2.5
1.3
5.0

Mean OH-MINP
Mean oxo-MINP
Mean carboxy-MINP

14.9
8.9
16.4

50th percentile OH-MINP
50th percentile oxo-MINP
95th percentile OH-MINP
95th percentile oxo-MINP

2.0
1.0
11.9
5.6

*

Calculated DINP Exposure (μg/kg/day)*
based on creatinine
based on urine

Silva et al., 2006
---------Koch et al., 2007
------Wittassek et al., 2007
1.9
1.0
11.1
5.4

----------

1.12
1.4
0.20
<0.05

120
120
120
120

3.71
7.45
1.11
<0.05

120
120
120
120

----

0.21
0.21
0.84

120
120
120

----

1.27
1.4
2.75

120
120
120

0.14
0.14
0.809
0.75

0.17
0.16
1.01
0.90

120
120
120
120

Calculated according to the methods explained in Part I of these comments.
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Table 3.
95th Percentile Human Exposure to DINP in μg/kg/day
Calculated from Metabolite Monitoring
Metabolite
MINP

DINP
exposure*
1.1-9.1

ADI
μg/kg/day
120

CDC 2nd Exposure Report, 2003

MINP

0.7-5.7

120

CDC 3rd Exposure Report, 2005

MINP

<LOD

120

Silva et al., 2006

Oxidative
Metabolites

<LOD-7.5

120

Wittassek et al., 2007

Oxidative
Metabolites

0.1-1.7

120

Study
Blount et al., 2000

*

See Tables 1 and 2.
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Table 4.
CPSC (2002) Mouthing Study
Basis:

•
•

Item specific mouthing time – Greene 2002a
Migration rates for plastic toys, in vitro data adjusted to expected in
vivo rates

Exposure in ug/kg/day - Mean (95th
Mouthing Time in
percentile)
minutes/day –
Mean (95th
Basic Case – Soft
Hypothetical Case –
percentile)
Plastic Toys, 42% with
Soft Plastic Toys,
DINP
100% with DINP
3-<12
0.07 (0.44)
0.17 ( 0.94)
1.3 ( 7.1) N=54
12-<24
0.08 ( 0.53)
0.22 (1.11)
1.9 ( 8.8) N=66
24-<36
0.03 ( 0.12)
0.07 ( 0.27)
0.8 ( 3.3) N=49
Additional Information:
• Observers: Trained observers
• Observation Periods: 12- twenty minute periods over 2 days
Total mouthing time is extrapolated to the time the child is awake and not eating.
Age in Months

Migration Rate:
• Used distribution of migration rates for various DINP containing toys, mean =4.1
ug/10 cm2/min, range 1-11; Values of zero added to distribution to approximate 42%
market fraction of DINP
• Product specific in vitro migration rates were adjusted to in vivo conditions by
sampling from the distribution of the factor Mhuman/Mlab. (Mhuman 1.17 ± 0.38 (N=19),
Mlab 4.18 ± 0.45)
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Table 5.
CPSC (2002) Additional Hypothetical Cases
Soft plastic toys, teethers,
and rattlers, 100% with
DINP*

All soft plastic items
(excluding pacifiers),
100% with DINP

Mouthing
Exposure in
Time in
ug/kg/day minutes/day – Mean (95th
Mean (95th
percentile)
percentile)
3-<12
0.45 (2.15)
3.1 (17.4)
0.63 (2.90)
12-<24
0.22 (1.12)
2.0 (9.3)
0.41 (1.69)
24-<36
0.08 (0.33)
1 (2.3)
0.37 (1.70)
Mouthing times from Kiss, 2002; Greene, 2002a.
Age in
Months

Exposure in
ug/kg/day Mean (95th
percentile)

Mouthing
Time in
minutes/day
– Mean (95th
percentile)
4.4 (17.5)
3.8 (13.0)
4.2 (18.5)

All toys,
teethers and
rattlers, 100%
with DINP
Exposure in
ug/kg/day Mean (95th
percentile)
2.91 (10.71)
0.84 (3.35)
0.28 (1.25)

Pacifiers, 100% with DINP*

Exposure in
ug/kg/day Mean (95th
percentile)
4.75 (24.55)
2.82 (17.44)
1.71 (5.41)

Mouthing
Time in
minutes/day –
Mean (95th
percentile)
33 (190)
27 (201)
19 (51)

*For these categories, mouthing times were only provided in min/hr, they were converted to min/day as per the equation listed
in Babich et al., 2004, using the average age in months for the age group of interest
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Table 6.
CPSC (2002) Daily average non-pacifier*
mouthing times from various studies in minutes per day
Age group
(months)

Groot et al 1998
(min/day)

Juberg et al 2000
(min/day)

CPSC
(min/day

0 – 18
19-36

32.4
9.3

36.0
5.0

61.0
39.5

*Smallest category of objects that is the same for all 3 studies
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APPENDIX
DERIVATION OF THE ACCEPTABLE DAILY INTAKE FOR DINP
In 2000, the Consumer Product Safety Commission (CPSC) convened a Chronic Hazard
Advisory Panel (CHAP) on DINP, which reviewed data for carcinogenicity and other
toxicological endpoints for DINP. The CHAP determined that exposures to DINP necessary to
theoretically trigger cancer in humans were so high as to be implausible, and therefore did not
base its risk assessment on cancer. 1 It developed an acceptable daily intake for DINP based on
the most sensitive endpoint observed in rodent studies – spongiosis hepatis. This effect was seen
in male (but not female) rats at 359 mg/kg/day in Moore (1998) and at 152 mg/kg/day in Lington
et al. (1997). The No Observed Effect Levels (NOELs) in these chronic exposure studies were
88 mg/kg/day and 15 mg/kg/day, respectively. (Note: The lowest level at which liver tumors
have been observed in rats is 733 mg/kg/day (Moore, 1998)).
CPSC pooled the data from the Lington and Moore studies to derive a Benchmark Dose
(BMD05) of 12 mg/kg/day. This value was divided by a safety factor of 100 to give an ADI of
0.12 mg/kg/day (or 120 μg/kg/day). The ADI is very conservative for several reasons:
•

Spongiosis hepatis is a spontaneously occurring lesion of unknown health significance
that has been reported only in rats, primarily males, and teleost fish. It has not been
linked to any pathological or toxicological process in rats nor is there any evidence that
spongiosis hepatis occurs in humans. 2

•

Although the number of male rats with spongiosis hepatis increased with dose, the
severity was judged as minimal to moderate in most cases, and the average frequency did
not increase with increasing dose.

•

The ADI is conservatively based on a BMD05. The BMD10, which would be a higher
value, is typically considered to be an appropriate point of departure for risk assessment. 3

•

The BMD05 is less than clear NOEL values of 15 mg/kg/day and 88 mg/kg. 4

1

CHAP (2001) at cover letter and pp. 3, 5 and 124-125.

2

See, e.g., Su et al. (1997) and Su et al. (1998), which contain detailed descriptions of the
histopathology of about 200 human livers and include no mention of spongiosis hepatis or similar
lesions.

3

See, e.g., EPA (2008).

4

In Lington et al. (1997), the next highest dose above 15 mg/kg/day was 152 mg/kg/day. Thus, the
combination of the Lington and the Moore studies gives a NOEL of 88 mg/kg/day.
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