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1.0 Background

The Environmental Protection Agency Guidelines for Carcinogen Risk Assessment (EPA,
2005b) require the consideration of the possibility of risks for cancer from early life stage
exposure. In particular, the Guidelines recommend that life stage-specific, cancer slope
factors be calculated when the data permit. In the absence of such data, the Guidelines
specify the application of Age Dependant Adjustment Factors (ADAFs) in determining
tumorigenic risk for chemicals that have a demonstrated mutagenic mode of action
(MOA). In cases where it is not possible to determine that the response to dose is
nonlinear through an identified MOA, EPA has chosen to use a default of low dose linear
extrapolation without ADAF.

The Office of Water (OW) has yet to apply the ADAF guidance in any of its regulatory
risk-based assessments of chemical contaminants under the 1996 Safe Drinking Water
Act (SDWA) related activities. As part of the IRIS training for the Agency Reviewers,
the National Center for Environmental Assessment (NCEA) indicated that IRIS
documents would include a statement as to the advisability of inclusion of the ADAF in a
Program Office risk assessment, but that the policies for its application would be
developed by the Program Office.

This document was prepared for the purpose of establishing the policies the OW will
follow when applying the ADAFs in the quantification of the risk of drinking water
exposures from mutagenic carcinogens. Application of the ADAFs has no impact on the
Maximum Contaminant Level Goal (MCLG) because it is zero for all carcinogens that
lack a demonstrated non-mutagenic mode of action. On the other hand, the Maximum
Contaminant Level (MCL) is based on technical (analytical and treatment limitations)
and cost-benefit considerations which consider risk as an important benchmark in its
determination. The MCL is generally selected so that the cancer risk falls within the one-
in ten thousand to one-in-million risk range.

The Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to
Carcinogens (EPA, 2005a) was published at the same time as the Cancer Guidelines.
This document reviewed existing data for chemicals with early life exposures and
concluded that exposure to chemical carcinogens with a mutagenic MOA are likely to
increase incidence or reduce latency for cancer by comparison to exposures that begin
after attainment of developmental maturity. The document recommends that when
considering childhood exposure, ADAFs be applied to cancer slope factors calculated
from studies (bioassay or epidemiological) that involve only adult exposures. Three age
periods are delineated for the ADAFs; each is associated with a numeric value for the
increase in risk during that age period. These are to be used with age-specific exposure
information in risk characterization. The three age periods and their associated ADAFs
are as follows:

e Birth to less than age 2 years: a 10-fold increase in slope factor (2 year duration)
e Age 2 to less than age 16: a 3-fold increase in slope factor (14 year duration)



e Age 16 to 70 years: risk as calculated from the adult only exposure (54 year
duration).

The equation for the calculation of risk is as follows:

Risk = CSF x ADAF x dose (mg/kg/day) x exposure duration/70 years
Where:

CSF = Cancer Slope Factor (mg/kg/day)

The risk is calculated for each of the three exposure periods with application of its ADAF
and then added together to obtain the total risk for a 70 year period initiated at birth.
Risks can also be calculated for any exposure duration of interest combined with the
doses for the age group of interest.

2.0 Consideration of Variables for the Office of Water (OW) Calculations

Drinking water is the exposure medium of concern for the OW. The following sections
explain the OW policy development process and subsequent policy recommendations.
The OW considered the following variables in the development of their policies:
normalization of drinking water intakes and body weights (independent versus ratio),
percentile level for analysis (90" versus 95”‘), and selection of drinking water intakes (all
individuals versus consumer-only).

2.1  Normalization of Drinking Water Intakes and Body Weights across the
ADAF Ages

For drinking water the dose for each of the three exposure durations will vary with the
normalized water intake and the normalized body weight of the individual over the
specified time period. The information needed to determine the normalized drinking
water intakes and body weights can be identified in the Child-Specific Exposure Factor’s
Handbook (EPA, 2008) and the OW Estimated Per Capita Water Ingestion in the United
States (EPA, 2004). In both cases the values presented are derived from the USDA
Continuing Survey of Food Intakes by Individuals (CSFII 1994-1996 and 1998).

There are several policy options that the OW can consider in obtaining the dose (water
intake and body weight) estimates. They are as follows:

Approach 1: Use independent body weight (kg) and water intake (L/day) values
Approach 2: Use ratio of water intake to body weight in terms of L/kg/day

For the first approach the statistical analysis of body weights and water intakes of the
populations were evaluated independently. For the second measure, the ratio of water
intake to body weight was determined for each individual in the population and the ratios
were analyzed statistically.



The differences between the two data sets for the two normalization approaches can be
described as follows:

e Approach 1: The distributions for body weight were derived from all of the body
weight data in the CSFII without consideration of the water intake associated with
each body weight. The situation was similar for the distribution of the drinking
water intake information. The analysis was derived for each measure of drinking
water intake without consideration of the body weight associated with each intake.

e Approach 2: The ratio data are linked at the level of the individual rather than the
population. The analysis of the exposure values using the L/kg body weight
measures is based on a set of monitoring values in which the water intake of each
study participant was first divided by their body weight before completing the
statistical analysis of the data.

The OW consulted the Office of Children’s Health Protection (OCHP) on the approach to
use for normalizing body weights and drinking water intakes across the age range for
each of the ADAF periods. The OCHP recommended that the product of each age-
specific variable multiplied by the its fraction of the total duration be summed to obtain
the normalized drinking water intake, body weight, and L drinking water/kg body weight
variables for each ADAF age period. It was further recommended that the Child Specific
Exposure Factors Handbook (U.S. EPA, 2008) be used as the source for the body weight
and exposure variables. Table 1 provides an example for normalization of body weights
across the four age subgroupings within the 2 year to <16 year age period using the body
weight values from the Child-specific Exposure Factor’s Handbook (2008). In order to be
consistent with the data source for the drinking water intakes (CSFII)], the OW has used
the mean body-weight data from Kahn and Stralka (2008), Table 8-24 in EPA (2008), in
place of the data derived from the NHANES 1999-2006 data (EPA [2008] Table 8-1).

Table 1: Normalized Body Weight for the 2-year to 16 year Age Period (Kahn and
Stralka, 2008) Table 3-24 (EPA, 2008)

Age Range Body Weight | Duration Product (body wt. x duration
Years kg Fraction fraction)
years kg
2 to <3 14 1/14 1
3 to <6 18 3/14 3.857
6to<ll 30 5/14 10.714
11to<16 54 5/14 19.286
Normalized value (sum of the age specific products) | 34.857

The same approach (i.e. multiplication of the variable by the fraction of the ADAF age
period and summing the results) is used for each of the ADAF age groups and each of the
variables (body weight, drinking water intakes or L drinking water/ Kg body weight )
needed for the calculations. Tables 1 through 9 in the supporting data attachment show
the derivation of the normalized values for body weight, drinking water intake, and




drinking water intake body weight ratios for each of the three ADAF age groupings using
the data from EPA (2008) and EPA (2004).

In order to illustrate the impact of variable selection, OW calculated the unit risk and total
70 year unit risk after application of the ADAFs for the 90th percentile consumer-only
direct and indirect water intakes and average body weights (Table 2) as compared to the
values calculated using drinking water intake body weight ratios (L/kg/day) using the
same assumptions (Table 3). Both sets of calculations are based on a sample CSF of 21
(mg/kg/day)”. The unit risk is defined as the risk associated with a drinking water
concentration of 1 pug/L (0.001 mL/day).

Table 2: Approach 1- Unit Risk Derived from 90" Percentile Drinking Water
Intakes and Average Body Weights (CSF = 21 /mg/kg/day)

Unit Risk = CSF x ADAF x DWI/bw x 0.001 mg/L x Exposure Duration/70 years

Age Range Body Weight | ADAF | Drinking Exposure | Unit Risk
years (bw) Water Intake | Duration | ug/L
kg (DWI) years
L/day

Birth to<2 | 9.71 10 0.861 2/70 5.320x 10™
2to<16 34.857 3 1.012 14/70 3.658 x 10™
16 to 70 75.277 1 2.237 54/70 4.814x 10"
Total unit risk 1.379 x 10™

Table 3: Approach 2- Unit Risk Derived from 90" Percentile Drinking Water
Intakes Average Body Weight Ratios (CSF = 21 /mg/kg/day)

Unit Risk = CSF x ADAF x DWI/bw Ratio x 0.001 mg/L x Exposure Duration/70 years

Age Range Drinking Water ADAF Exposure Unit Risk pg/L
Intake / body Duration
weight ratio years
L/kg/day
Birth to<2 | 0.104 10 2/70 6.240 x 10™
2t0<16 0.037 3 14/70 4,662 x 10
16 to 70 0.032 1 54/70 5.184x 10™
Total unit risk 1.609 x 10°

The total unit risk values can be converted to the concentration in drinking water
equivalent to a 1 x 10 risk using the following equation:

Concentration (ug/L) at 1 x 10%risk = 1 x 10+ unit risk (ug/L)’



The concentration equivalent to a one-in-a million risk for a 70 year exposure initiated at
birth as calculated in Table 2 is 0.000725 pg/L rounded to 0.7 ng/L

The concentration equivalent to a one-in-a million risk for a 70 year exposure initiated at
birth as calculated in Table 3 is 0.000622 pg/L rounded to 0.6 ng/L.

Tables 2 and 3 demonstrate the difference in one-in-a-million risk concentrations for a 70
year exposure initiated at birth based on the using two different data sets to represent the
relationship between drinking water intakes and body weights. It is the OW policy to
express the final risk value using one significant figure.

2.1  Percentile Level for Analysis

A second variable that was considered for the OW policy development process was the
percentile level to select for the analysis: 90" versus 95", The OW has traditional ly used
an adult body weight of 70 kg (once a mean value) and a 2 L/day water intake (~90"
percentile) in its chronic exposure assessments for cancer endpoints. The Child-Specific
Exposure Factor’s Handbook (EPA, 2008) recommends that the 95™ percentile values be
used. However, as per EPA (2008) the 95th percentile values are problematic for some
age groups because the sample size (CSFII (1994-1996, 1998) did not meet minimum
requirements as described in the third report on nutrition monitoring in the United States.
Although this is also the case at the 90™ percentile, fewer groups are affected. For
example, the minimum requirements are not met for data on water consumption from
birth to 6 months and ages 16-21 years at the 95" percentile with the direct and indirect
water intake estimates for consumers only (EPA, 2008). At the 90™ percentile value only
the birth to <3 month groups fail to meet the size requirement.

2.3  Selection of Drinking Water Intakes

Another variable for consideration is selection of the drinking water intakes for all
individuals or for consumers only. The earlier OW defaults of 2 L/ day for adults and 1
L/day for children were approximate estimates for the 90" percentile of all individuals in
a study by Ershow and Cantor (1989) which were reaffirmed in the analysis that
produced the updated evaluation of population drinking water intakes based on the most
recent CSFII data( EPA(2004). These estimates are not appropriate in carrying out the
ADATF evaluations wherein age-specific intakes are needed. Several ongoing assessments
which do not involve cancer have used the consumers-only data as the preferred values to
protect sensitive populations. It is the recommendation of this document to continue use
of the more recent consumers-only policy.

3.0  Calculating Risk for a Less than Lifetime Exposure

As mentioned above, the ADAF’s allow the user to calculate risks for a less than lifetime
exposure such as the first 7 years of life. Seven years is the age period used by the OW
in the derivation of the longer-term health advisory for a child because that is frequently
the duration granted by a variance or exemption for a public drinking water system to



achieve the MCL for a regulated contaminant. Table 4 provides an example of the risk
calculation for this exposure period using the drinking water intake/body weight ratio.

Table 5: Unit Risk Derived from 90™ Percentile Drinking Water Intake Average
Body Weight Ratios for a Birth to 7-year Exposure (CSF = 21 /mg/kg/day)

Unit Risk = CSF x ADAF x DWI/bw Ratio x 0.001 mg/L x Exposure Duration/70 years

Age Range Drinking Water | ADAF Exposure Unit Risk pg/L
Intake / Body Duration
Weight Ratio years
L/kg/day
Birth to<2 | 0.104 10 2/70 6.240x 10™
2t0<7 0.046 3 5/70 2.070x 10"
Total unit risk 8.310x10™

The concentration equivalent to a one-in-million risk for developing cancer during a 70
year lifetime with an exposure that lasts from birth to age 7 is calculated by dividing the
total unit risk into 1 x 10, The resultant value is 0.00120 ug/L rounded to 1 ng/L.
Calculating this value makes it possible to compare the cancer risk for such an exposure
to the longer term health advisory for non-cancer effects. Providing estimate of the
lifetime cancer risk for a longer term exposure as well as a value protective for non-
cancer effects from the same exposure provides important information to the risk
manager during decision making for mutagenic chemicals present in public drinking
water supplies.

4.0 Internal Peer Review

The preceding portions of this document were reviewed by Rita Schoeny of the OW and
Brenda Foos of the Office of Children’s Health Protection (OCHP). Recommendations
of the peer reviewers were accommodated in the revisions to the draft document.
Additional input on evolving policies related to perchlorate was provided by Eric
Burneson of the Office of Groundwater and Drinking Water (OGWDW). Other
alternatives to this process were suggested by the OCHP during the internal review of this
document. They are as follows:

e Use the data from all 11 child-specific age periods as provided by the EPA (2008)
combined with 20+ data from (EPA, 1004) derived from the same CSFII data set
rather than the compressed three data sets.

e  Work with the ORD Exposure researchers to obtain appropriate values for the
three ADAF age periods from the CSFII (1994-1996, 1998) data directly.

The OW feels that communication of the ADAF adjustment to its stakeholder community
is facilitated by a presentation using the three age groupings as established by the ADAF



guidelines. Once the policy decisions related to drinking water intake and body weight
relationships for each of the age groups have been established they will be a constant for
the calculation, simplifying presentation and supported by a citation to this document.
The first OCHP suggestion could be accommodated in an appendix to the OW reports for
those who desire refined breakdown of the individual impacts for the 12 component age
ranges. Postponing the application of the ADAFs until ORD could reanalyze the original
data would be preferred if they would be able to do it within a time period where it could
be used for Regulatory Determinations 3, but that is unlikely.

5.0 Recommendation

After considering the options discussed above, the OW recommends the use of the 90™
percentile consumers-only drinking water intake body weight ratio data (L/kg/day) when
applying ADAFs to risk values for carcinogens with an established mutagenic mode of
action. The 90™ percentile data were selected because, for all but the birthto < 3
month age groupings, the population size was sufficient for the drinking water intake
body weight ratio analysis thereby minimizing the uncertainty in the values. Use of the
90" percentile is consistent with the long term OW policy. Use of the consumers-only
values insures that the resultant risk values are applicable for those totally reliant on
drinking water (direct and indirect) from public drinking water systems. The ratio data
are preferable to using the body weight and water intake parameters separately because
the two parameters are linked at the level of the individual rather than the population.
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Supporting Information

The supplemental information describes how drinking water intake and body weight were
normalized based on age ranges for the three ADAF adjustment periods. The OW
believes that the normalization of the body weight and drinking water intake data across
the three age periods specified in the ADAF guidance document rather than including
calculations for each of the eleven age periods included in the Child-Specific Exposure
Factors Handbook simplifies the presentation of the data for stakeholders without having
a substantial impact on the outcome of the analysis.

Body Weights: Approach 1

Table 1: Normalized Body Weight for the Birth to < 2-year Age Period EPA, 2008

Table 8-24)

Age Range Body Weight Duration Fraction | Product
Months kg kg

Birth to <1 4 1/24 0.167

1 to <3 5 2/24 0.417

3 to <6 7 3/24 0.875
6to<12 9 6/24 2.250

12 to <24 | 4 12/24 6.000
Normalized value (sum of the age specific numbers) 9.71

Table 2: Normalized Body Weight for the 2-year to <16-year Age Period EPA, 2008

Table 8-24)

Age Range Body Weight Duration Fraction | Product
Years kg kg
2t0<3 14 1/14 1
3t0<6 18 3/14 3.857
6to<ll 30 5/14 10.714
11to <16 54 5/14 19.286
Normalized value (sum of the age specific products) 34.857

Table 3: Normalized Body Weight for the 16-year to 70-year Age Period (EPA, 2008
Table 8-24; EPA, 2004 Table 7.2

Age Range Body Weight Duration Fraction | Product
Years kg kg

16 to <18 67 2/54 2.481

18 to <21 69 3/54 3.833
20+ 76 49/54 68.963
Normalized value (sum of the age specific numbers) 75.277
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Drinking Water Intakes: Approach 1

Table 4: Consumers only direct and indirect drinking water intakes normalized for
the birth to <2-year Age Period (EPA, 2008 Table 3-14)

Age Range Drinking Water Intake | Duration Product
Months L/day Fraction L/day
Birth to <1 0.849* 1/24 0.035

1 to <3 0.943* 2/24 0.079

3 to <6 1.021 324 0.128
6to<12 0.971 6/24 0.243

12 to <24 0.674 12/24 0.337
Normalized value (sum of the age specific numbers) 0.822

Table 5: Consumers only direct and indirect drinking water intakes normalized for
the 2-year to 16-year Age Period (EPA, 2008 Table 3-14)

Age Range Drinking Water Intake | Duration Product
Years L/day Fraction L/day
2to0 <3 0.700 1/14 0.050

3 to <6 0.867 3/14 0.186
6to <11 0.994 5/14 0.355
11to<16 1.432 5/14 0.511
Normalized value (sum of the age specific numbers) 1.102

Table 6: Consumers only direct and indirect drinking water intakes normalized for
the 16-year to 70 year Age Period (EPA, 2008 Table 3-14; EPA, 2004 Table A2 P. E-

100)

Age Range Drinking Water Intake | Duration Product
Years L/day Fraction L/day
16 to <18 1.647 2/54 0.061

18 to <21 1.860 3/54 0.103
211070 2.284 49/54 2.073
Normalized value (sum of the age specific numbers) 2.237
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Drinking Water Intake Body Weight Ratios: Approach 2

Table 7: Consumers only direct and indirect drinking water intake/body weight
ratios normalized for the birth to <2 year Age Period (EPA, 2008 Table 3-19)

Age Range Drinking water intake/ | Duration Product
Months body weight ratio Fraction L/kg/day
L/kg/day

Birth to <1 0.235 1/24 0.010

1 to <3 0.228 2/24 0.019

3 to <6 0.148 3/24 0.019
6to<12 0.112 6/24 0.028

12 to <24 0.056 12/24 0.028
Normalized value (sum of the age specific numbers) 0.104

Table 8: Consumers only direct and indirect drinking water intake/body weight
ratios normalized for the 2-year to 16 year Age Period (EPA, 2008 Table 3-19)

Age Range Drinking Water Intake/ | Duration Product
Years body weight ratio Fraction L/kg/day
L/kg/day

2t0<3 0.052 1/14 0.004
310 <6 0.049 3/14 0.011
6to <11 0.035 5/14 0.013
11to<16 0.026 5/14 0.009
Normalized value (sum of the age specific numbers) 0.037

Table 9: Consumers only direct and indirect drinking water intake/body weight
ratios normalized for the 16-year to 70 year Age Period (EPA, 2008 Table 3-19;
EPA, 2004 Table Al page E 139)

Age Range Drinking Water Intake/ | Duration Product

Years body weight ratio Fraction L/kg/day
L/kg/day

16 to <18 0.024 2/54 0.001

18 to <21 0.029 3/54 0.002

20+ 0.032 49/54 0.029

Normalized value (sum of the age specific numbers) 0.032
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Birth to Seven Year Exposure Using a Drinking Water Intake/ Body Weight Ratio:

Approach 2

Table 10: Consumers only direct and indirect drinking water intake/body weight
ratios normalized for the 2-year to <7 year Age Period (EPA, 2008 Table 3-19)

Age Range Drinking Water Intake/ | Duration Product

Years body weight ratio Fraction L/kg/day
L/kg/day

2t0<3 0.052 1/5 0.010

3 to <6 0.049 3/5 0.029

6 to <7 0.035%* 1/5 0.007

Normalized value (sum of the age specific numbers) 0.046

* Value applies to the 6 to <11 age range as reported in the Exposure Factor’s Handbook
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Chapter 8 - Body Weight

Table 8-23. Estimated Body Weights of Typical Age Groups of Interest in U.S, EPA Risk Assessments®

Al Gronip NHANES Males (kg) Females (kg) Overall (kg)
Mean SD N Mean 5D N Mean SD N

II 17.0 4.6 2,097 16.3 4.7 1,933 16.7 4.5 4,030

1 to 6 years m 16.9 4.7 3,149 16.5 49 3,221 16.8 5.0 6,370
v 17.1 4.9 633 17.5 5.0 541 17.3 5.0 1,174
1 45.2 17.6 1,618 43.9 15.9 1,507 44.8 17.5 3,125

7 to 16 years 111 493 20.9 2,549 46.8 18.0 2,640 47.8 18.4 5,189
v 479 20.1 1,203 479 19.2 1,178 47.7 19.1 2,381

A Estimates were weighted using the sample weights provided with each survey.

SD = Standard Deviation,

N = Number of individuals,

Source: _ Portier et al., 2007.

Table 8-24. Estimated Percentile Distribution of Body Weight by Fine Age Categories Derived From 1994-96, 1998 CSFII

Weight (kilograms)

A G Szrzile Mean == ot 25 :(;imtllfes“ 90" 95 99"
Birth to 1 month 88 4 1* 2 3 3 3 4 4 5 5"

1 to <3 months 245 5 2 3 4 4 5 6 6 7 g

3 to <6 months 411 7 4 5 5 6 7 8 9 10 12
6 to <12 months 678 9 6" 7 7 8 9 10 11 12 13*
1 to <2 years 1,002 12 8 9 9 10 11 13 14 15 19*
2 to <3 years 994 14 107 10 11 12 14 16 18 19 22
3 to <6 years 4,112 18 11 13 1.3 16 18 20 23 25 32

6 to <11 years 1,553 30 16* 18 20 23 27 35 41 45 57
11 to <16 years 975 54 29 33 36 44 52 61 72 82 95
16 to <18 years 360 67 41* 46° 50 56 63 73 86 100* 114
18 to <21 years 383 69 45° 48 51 58 66 77 89 100° 17

Sample size does meet minimum reporting requirements as described in the “Third Report on Nutrition Monitoring in
the United States” (LSRO, 1995).

Source:  Kahn and Stralka, 2008.

Child-Specific Exposure Factors Handbook Page
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6 Chapter 3 - Water Ingestion

Table 3-14. Consumers Only* Estimates of Combined Direct and Indirect® Water Ingestion: Community Water

(mL/day)
Age Sample Mean Percentiles
size 10 25 50 75 90 95 99
Birth to <1 month 40 470* 32* 215* 482* 692* 849* 858* 919*
1 to <3 months 114 552 67* 339 533 801 943* 1,053*  1,264*
3 to <6 months 281 556 44 180 561 837 1,021 LI71*  1,440%
6 to <12 months 562 467 44 105 426 710 971 1,147 1,586*
1 to <2 years 916 308 43 107 229 428 674 893 1,248*
2 to <3 years 934 356 49 126 281 510 700 912 1,388*
3 to <6 years 3,960 417 57 146 336 581 867 1,099 1,684
6 to <11 years 1,555 480 74 177 373 682 994 1,251 2,024*
11 to <16 years 937 652 106 236 487 873 1,432 1,744 2,589*
16 to <18 years 341 792 106 266 591 987 1,647 2,002*  3,804*
18 to <21 years 364 895 114 295 674 1,174 1,860 2,565* 3.917*

Excludes individuals who did not ingest water from the source during the survey period.

Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

h

Source: Kahn and Stralka, 2008 and supplementary data.

Table 3-15. Consumers Only* Estimates of Combined Direct and Indirect® Water Ingestion: Bottled Water (mL/day)

Age Salpple Nl Percentiles
size 10 25 50 75 90 95 99

Birth to <1 month 25 - - - - - - - -

1 to <3 months 64 450* 31* 62%* 329% T43%* 886* 1,045% 1,562%
3 to <6 months 103 507 48* 88 493 747 1,041* 1,436* 1,506*
6 to <12 months 200 425 47 114 353 630 945* 1,103* 1,413*
I to <2 years 229 262 45 88 188 324 600 709* 1,083*
2 to <3 years 232 352 57 116 241 471 736 o7 1,665*%
3 to <6 years 1,021 380 72 149 291 502 796 958 1,635*
6 to <11 years 332 430 88 168 350 557 850 1,081*  1,823*
11 to <16 years 192 570 116* 229 414 719 1,162* 1,447* 2,705%
16 to <18 years 63 615* 85* 198* 446* 779% 1,365  1,613*  2,639*
18 to <21 years 97 769 118* 236 439 943 1,788%  2.343* 3 957*

a

b

Excludes individuals who did not ingest water from the source during the survey period.

Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

- Insufficient sample size to estimate mean and percentiles.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data,
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Chapter 3 - Water Ingestion ‘

Table 3-19. Consumers Only* Estimates of Direct and Indirect® Water Ingestion: Community Water (mL/kg-day)

Sample Percentiles

Age size M T, 25 50 75 9 95 99
Birth to <1 month 37 137* 11* 65* 138* 197* 235* 238* 263*
1 to <3 months 108 119 12% 71 107 151 228* 285% 345%*
3 to <6 months 269 80 F 27 77 118 148 173* 222%
6 to <12 months 534 53 5 12 47 81 12 129 186*
1 to <2 years 880 27 4 9 20 36 56 75 109*
2 to <3 years 879 26 4 9 21 36 52 62 121*
3 to <6 years 3,703 24 3 8 19 33 49 65 97
6 to<l1 years 1,439 17 3 6 13 23 35 45 7
11 to <16 years 911 13 2 5 10 17 26 34 54*
16 to <18 years 339 12 1 4 9 16 24 32% 58*
18 to <21 years 361 13 2 5 10 17 29 3g* 63*

Excludes individuals who did not ingest water from the source during the survey period.
b

Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source  Kahn and Stralka, 2008 and supplementary data,

Table 3-20. Consumers Only* Estimates of Direct and Indirect® Water Ingestion: Bottled Water (mL/kg-day)

Age Sample o Percentiles

s1ze 10 25 50 75 90 95 99
Birth to <1 month 25 = " = - - = - =
1 to <3 months 64 92* 7* 12* 76* 151* 164* 220%* 411%*
3 to <6 months 95 72 6* 15 69 100 149* 184% 213*
6 to <12 months 185 47 5% 11 34 73 104* 120* 166*
1 to <2 years 216 22 5 8 16 27 49 66* 103*
2 to <3 years 211 25 4 8 17 35 54 81* 91*
3 to <6 years 946 21 8 16 29 45 57 90*
6 to <11 years 295 15 3 5 11 19 30 42% 69*
11 to <16 years 180 11 2% 4 8 14 24* 27 44%
16 to <18 years 63 10* 1¥ 3k ™ 11* 23* 2T 37*
18 to <21 years 93 11 2% 3 6 14 27* 30%* 54*

Excludes individuals who did not ingest water from the source during the survey period.
b

Direct water defined as water ingested directly as a beverage; indirect water defined as water added in the
preparation of food or beverages.

- Insufficient sample size to estimate means and percentiles.

* The sample size does not meet minimum requirements as described in the “Third Report on Nutrition
Monitoring in the United States” (LSRO, 1995).

Source: Kahn and Stralka, 2008 and supplementary data,

Child-Specific Exposure Factors Handbook Page
September 2008 3-23




wTB83EIE PIITUN 8yl uT Bulrolruol UCTITIINY ua 3iodey PIATYL,
(I145D)STENPTATPUL Ad §83ejUI Pood Jo Asaing BUTNUTIUCD YASD BE6T '966T-H66T

LST 1D 9008\3000F8 \HALYMISO\Nd\ ‘W 65:8T CONAYST

‘worjeindod syz Ul STENPTATPUT LZ5'FIE’S Jusssxdsa Asyl “aybram Apoq ji10dei 30U PIP STENPTIATRUT (5. :HION
‘spunod uy JyBIom pIjeWIlse 03 1I2AUCD 03 gz Ag sanrea ATdTamng fas
S43 Ul paqliossp se sjuswaitnbsa Butiioder wnwiuTw 398w jou ss0p 8z1s oTdwes syl G

iejep o a2anog

[441 vOT 56 T8 L9 4 zT ST 8 59 609 °'285'55¢ 058761 sabe T1v
58 89 65 05 € LZ ZE 0z LT 0% L¥O'ZPS EE £vE’T S1-9
8z EZ %4 Bl ¥T 1T 8 9 ¥ ST PLT'09T'ET 0€5°L 9>
521 20T LE e zL 19 ¥S 05 SF SL BBE 08B 'B6T LLE'S + 8T
zB €9 95 24 14 61 ST €T 11 £€ 989900 ‘6% 6FF 'L ST-2Z
LT 2 £T T 01 L S i3 £ 0t SES'S65 'L [ 24 284 Z=
9Z1 LOT 86 g EL £9 ¥S 15 114 L PZE’'550° 18T 91’6 + 0F
ETT 00T €6 8 L 4] i) 05 e ZL O0TZ'BLS 0E 6ET'T + 59
vzl S01 66 L8 S 59 LS €5 9% LL 092169702 915’1 $9-55
o 60T 00T 98 SL £9 4] 4] SF P LLBTEBEITT 0DEE'F ¥5-5C
*0ET vOT b6 18 89 65 £S &% «5F zZL LLB'EOF 8T aLs ¥2-02
*ETT 66 58 EL £9 as 0s LE IF L9 P91 SEE LT 918 6T-5T
68 6L 89 85 0s 44 SE ZE PS:14 s 95T '€8T'ST 06L FI-TT
%65 8% £F 12 62 EL4 44 114 *LT 43 TT0°'TFS %1 BZO'T 0T-L
9t BE 9E zZ oz L1 91 T ZT 154 LPLOLS'TT B86'Z 9-%
£2 6T 8T a1 £T Tt 0T 6 8 FT 9FT 9FL TT S¥9E £-T
%E€T ZT T ot 6 g L 3 +9 6 DOL OLL'T BLY 6°0-5°0
*TT & g L 9 ¥ £ £ *Z 9 T9%F'068'1 PhL 5°0>

E3¥a8 yl0g "o
9ZT 60T 001 L8 9L 65 EZ 5T 6 0L BE¥ 59T 9ET LET'OT sabe 11¥
98 T4 9 0s 9E LT zz 0z ¥8T 0% LS6'TED LT £02°1 S1-9
62 EE 1z 2 ST Tt 8 £ ¥ ST L00'688 1T T6L°E 9>
621 60T £0T 6 18 ZL £9 09 £S5 zg PES'BEELE EET’S + 5T
L 99 L5 £F BE 6T ST ET 11T £E Z90°'€00°'sT L6L'E SI-2
LT 1 ET ZT 0t 8 9 4 *E 0T ZO6'LI6E '€ LET'T z>
0ET o1t ¥OT 16 z8 EL 59 9 ¥S 8 £0F'0S6°LE PEL'F + 08
*LIT ¥OT 66 88 BL aL £9 65 * 1S o8 POE'E66°ET FIT'T + 59
¥SZT 60T £0T £6 ] FL L9 13 *F5 ] SEL FI5'6 SLL F9-55
FET 1T ¥OT £6 £8 Si 99 £9 ¥S SE 8¥5'6TE 95 66F'C ¥5-5¢
#FET ZTT 0ot 98 8L 89 13 85 %25 08 A5L'ZLT 'S 9€g vE-0Z
91T LOT ¥E 08 89 9 95 £5 xbb £L TZ1'%62'6 60%F 6T-ST
+Z6 +18 ZL 09 s 14 ] S€ #ZE *82 4] £EIZT'2ES L Z6E PI-TT
*£9 B i474 IE 1€ LE zT TG *BT 43 00E'S5F9 'L LES 0T-L
*9E 8z 9z ZT 0z BT 91 ST #ET 1t LYP'66L'S 0251 9-%
$ET 61 8T 3T T zZT 11 ot *6 i 69T 'LET 9 TS8°T £-T
#ET %21 TE 0T [ 8 & sl %3 6 0Tb’ZLE €E€E 6°0-5°0
#IT %6 g L 9 5 ¥ +E xE ] SE5'¥56 T9E 5°0=

81BN "q

66d 56d 06d std 0sd szd 0td sd 1d ueay uotjerndog szTedueg aby Jspusg

rxSWEIBOTTY

STEMPTATPUL TT¥

salicbaje) sby autg pue ispuss
IYETaM Apog FO UCTINGIAISTO PIIBWIISH Z°L STAEl



001-9

' S8323F pajTun SY3l Ut BUTIOlTuol UoTITIANN Uo 3xodsy PATUL. SYI UT paqriossap se

157 ¥ 900¥\9000H4\ HEIVMISO\MA\ ' W P0:60 POEEA6T

({11450} STENPTATPUI Ag sayeaur

sjuswartnbai Hurizods: WNWTUTW 338w j0U S90p IZTS ardues ayg .
‘018z BUBSl ;-

“a@jem TeDTBOTOTG pue TRTOISWWOD SPNIOXS S33BWTISS [TV
‘gabeisse Aep-7 Uo paseq aie sajRwiisy

pood jo Asaing Butnuyiue) wasn 8661 '966T-F66T :(EIEp JO S5Inos

PLE'F T09'E 690°'F SLE'T 9BL 114 LZT 9 & 000°'T B9E'TISH'EVE 605'8T sabe T1Y

899°¢ F09°'E 06T'E L59°T EFL'T oL 01E SST Pz ZPE'T  LLO'LST'BE 856°T + 59

ZET' ¥ TZL’E LEE'E LS9'T TIT'T =t LEE STT 1T EPE’'T EZTIT'¥8F'ET 0TF'T ¥9-55

SELF 9E6'T 5ZE'E 195'T 596 £05 102 00T -2 TLT'T 695'6LL'90T 665'F ¥5-5E

#95€'S ZBO'E 5LT'E BIE'T 1L BSE zTT B9 *0T EED'T LE0'8S9°LI 89 vZ-0Z.

TES ¥ 8¥8’Z #8Z'Z ZLS'T 566 ves gog £E0T ET 9LT T S8L'BED’ZLT 119'g + 0T

+Z98°¢€ 912 TLS'T 5901 809 398 66 15 ®L LTE 656 FFL'IT LLL 6T-5T

£F95°E EFLT STF'T £€8 £LF SEE STT 65 wL %9 LO9'EER BT 65L FPI-TT

$EPE'T T%E'T £66 LOL ZHE 081 ZL ¥E 9 LBY 9ERLEELFT LEO'T 0T-L

£LS'T TS0'T Z¥8 F95 STE 0ET 1s 5€ i 86E TFE'LEO'TE Log's 9=

6TL'T 9LT'T £%6 LO9 SSE = 19 62 ¥ (441 L81'25E'1T 916'eg 9-%

E6E'T 9¥E £2L S8V oLz 61T :4 ] {24 3 6VE S60°'TTO TT 44 243 £=T

#TOF'T ¥I0°T 958 485 T0E PIT 4 zZ %€ 98E LEB'SLT'S £T6'T =

#9B5°T LFT'T TLE oTL k44 S0T a4 4 +E L3F LSOTLER'T z9s 6°'0-5°0

EER'T GET'T -1 Lad:] £55 60T z5 14 «0T 8BS EFE'LS0'T SER S°0®  308ITPUI PUE Jo083I1gQ

S3X88 yiog "2
66d s6d 06d sed 0sd szd 01d 5d T ueay uot3eTndog ezTsdues aby Iapuan
Aeg/ucsiad /SI9ITTTTITH
Alug saswnsuo)
saticbeie) eby autrd Aq Ispusp :zejeM AjTunuwwos -y 219eL

B-III

UOTISabUT I133EM 309ITPUI PUR 1089ITQ YIOH PUE 108ITPUI ‘3A9SITA IO SSIBWIISH (ITT 314



6¢l-4

‘uotieTnded eyl uT STENPTATPUT L29'FTE’s Jjussexdsz Asyl '3jybtem Apoq 3zodax jou pip STENPTATPUT LS4 HLON

# 83335 pPe3TUn @Yl ur Buriojtuoy uoTiTiang uo 3iodsy PATYL. Y31 UT paqriossp se sjuswsatnbax Butizodsz wnwiutw 3ssw jou S30p SZTS STAWES YL .
‘0IBZ SUBSKH -

“isjem Testbololq pue JEToIBuWOD SPRTOXS S3IBWTISD IV

‘sabeiase Aep-z uo paseq sie sajewiisy

IST' T4 300¥\900034\ HALYMISO\MA\ ‘W 25:9T TO4ASET (I148D)STenpTAaTPUl Aq S3)eIUI pood Fo AsAIng BUTNUTIUO) WASO 866T '966T-F66T ‘EJEp JO aoInog
LL 124 EE 44 €1 L £ 1 - LT ESL'LTO'9EE ST8°LT sabe 11V
z9 &€ (43 zZ £1 L £ T - 3T £9€'LS67B9T 65F'8 + 0T
»02 PE 9g LT ot ¥ z T - £1 LE0'BSLOE LOS'T 6I-TT
Z6 LS FE 8T 91 L £ 1 = TZ LS6 LTS "FE 106"9 0T-1
152 S8T SFI 90T £9 LT 9 £ *T 1L SEE'ELE‘E 8F6 T * 3981TpUl PUR 398311Q
15 €T L1 It L] 4 T = # 8 TZ8°'6F9'6TE 995'91 sabe 11v¥
(13 £T LT ias 9 £ T # i ] €6E’96E°09T 5508 + 0E
#SE ¥T ot 9 £ 1 - Z “ S 9% 'POE ' 9Z z82'1 6T-TT
S¥ 14 6T 1T 9 z T - H 8 858 '10L°0¢€ I£E'D 01-1
P13 ZLT T#T 001 L5 ZT g z #T L9 YEELPEZ'E 868 1> JoaxTpul
LS £€ 4 ST 8 4 z T T [ LLE'LEZ'EST ETELET sabe 11¥
0§ 1} 3 £2 T i ¥ z T 13 T SZO'TIS'OET £85'9 + 0T
+85 BE zz £T 8 ¥ z 1 +T T L9P'E0E ST SFZ'T 6T-TT
8L L¥ 9E 44 Z1 9 £ z T LT vEE'0L8 ‘9z LBO'S 0T-1
#LTT %LS 6E £g 183 5 £ *Z +1 8L I9FZT0'T 86E T > 192310
E3X8E yiod "o
66d 564 06d 5id osd 524 otd sd Td uesy uotjerndog szysdues 2By Ispusg

Aea/qubream Apog Jo B¥/SILATTITITH

ATug sasunsuocy
sarxobaje) eby peoid Aq Ispusp :IsjeM A3Tunwwes Ty STqelL
Z-A1 uoT3isabul IsjeM 302ITpul puE 359114 Y3jod pue ‘3081Tpul ‘I981Td JO Sa3BwIlsSy AT 3aed



