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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL HP 
Address: — 
Application: Version 4.0.1  
CASRN: 156-60-5 
Contaminant: 1,2-dichloroethene, trans- 

Synonym: 

1,2-dichloroethylene, trans- 
trans-1,2-DCE 
trans-1,2-dichloroethene 
trans-1,2-dichloroethylene 

Model Input Information — 
Chemical name: 1,2-dichloroethene, trans- 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 157.1 µg/L 
Outdoor air concentration: 0 µg/m³ 
Main building air concentration: 0 µg/m³ 

Scenario type: 
Modified Custom Shower and Locker Room 
Scenario 

Building type: Dorm or Barracks 
Number of persons using the facility: 30 
Percent of people taking showers: 100% 

Scenario Description 

This report is for a custom scenario Monte Carlo simulation of a shower and locker room facility used 
by 30 persons in a dorm or barracks. It provides information about the scenario parameters and the 
central tendency exposure (CTE) and reasonable maximum exposure (RME) results of the Monte Carlo 
simulation for 30 persons. This report uses scientific notation for numbers greater than 10,000 (1.0E+4) 
or less than 0.001 (1.0E-3). Parameter values in this custom scenario that differ from the default 
parameters for the standard scenario are highlighted in red. 

Unlike residential scenarios, which predefine resident activity patterns and specify a target person for 
calculating results, communal shower and bathroom scenarios do not predefine facility user activity 
patterns or specify a target person. Instead, they use Monte Carlo methods to randomly generate 
activity patterns based on input parameter distributions, and then derive CTE and RME statistics from 
the inhalation concentration and dermal dose distributions in the simulation output. The CTE result is 
the exposure for the person with the 50�Þ	G percentile (median) exposure across all Monte Carlo 
iterations, and the RME result is the exposure for the person with the 95�Þ	G percentile exposure. 
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The Monte Carlo simulation conducted for this report generated 1,000 iterations of the scenario. 
Because each of the 1,000 iterations is randomly generated, the report output may change slightly 
from simulation to simulation. 

Quick Summary 

Table S1 shows the CTE and RME average daily exposure concentrations for all persons using the 
facility. These daily exposure concentrations are 24-hour exposure concentrations derived from the 
exposure people experience while in the building. 

 

Exposure 
Type 

Percentile 
Exposure 

Daily Exposure 
Concentration 

(µg/m³) 
CTE 50�Þ	G 5.2 
RME 95�Þ	G 11 

Abbreviations: CTE = central tendency exposure; µg/m³ = micrograms chemical per cubic meter air; RME = reasonable 
maximum exposure 

Table S2 presents the CTE and RME dermal doses from contact with water for all persons using the 
facility. This contact occurs from showering and from hand washing while in the locker room.  

 

Exposure Group 
CTE Dermal Dose 

(µg/kg/day) 

RME Dermal 
Dose 

(µg/kg/day) 
Adult 0.31 0.39 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Supplemental Information 

The following sections of the report provide supplemental information about the scenario beyond 
what is provided in the Quick Summary section. They include additional summary statistics for the 
Monte Carlo simulation, one or more histograms of model results, and multiple tables showing the 
input parameters used in the scenario. Including this information in your public health document is 
optional. 

Table S1. CTE and RME daily exposure concentrations for all persons using the facility 

Table S2. CTE and RME daily administered dermal dose for all persons using the facility 
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Monte Carlo Simulation Summary Statistics 

Table 1 provides summary statistics about the randomly generated facility usage patterns for this 
scenario across all Monte Carlo iterations. The values in the 50�Þ	G and 95�Þ	G percentile columns represent 
statistics for each parameter individually and do not correspond with the CTE and RME results from the 
Quick Summary section. For example, the 50�Þ	G percentile shower duration is the median shower time 
for all people that take showers, not the shower duration for the person with the 50�Þ	G percentile 
exposure. For persons that shower in the facility, the time in shower and locker room accounts for the 
time that people spend in the locker room getting ready to shower and the time that they spend in the 
locker room getting dressed after their shower, in addition to time spent using the shower, toilet, and 
bathroom sink. For persons that do not shower in the facility, the time in locker room accounts for 
time spent using the toilet and bathroom sink. 

 

Parameter Mean 50�Þ	G percentile 95�Þ	G percentile 

Shower duration 20 min 19 min 30 min 
Time in shower and locker room 54 min 53 min 66 min 
Time using bathroom sink 2.6 min 2.4 min 4.6 min 
Time in building 17 hr 16 hr 24 hr 

Abbreviations: hr = hours; min = minute 

Table 1. Facility usage summary statistics for all persons using the facility 
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Scenario Results – Figures 

Figure 1 shows a histogram of the inhalation exposure concentrations for all persons using the facility. 
The figure also shows the CTE (50�Þ	G percentile) and RME (95�Þ	G percentile) average daily exposure 
concentrations for persons using the facility.  

Figure 1. Histogram of inhalation exposure concentrations for all persons using the facility 
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Figure 2 shows a histogram of dermal doses for all persons using the facility. Multiple doses were 
calculated for each person based on the exposure groups in the scenario, but the histogram shows only 
the highest dose calculated for each person. The CTE and RME flags identify the 50�Þ	G and 95�Þ	G 
percentile doses in the histogram. 

Figure 2. Histogram of administered dermal doses for all persons using the facility 
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Scenario Results – Inhalation Concentration and Dose Tables 

Peak Exposure By Location (Table 2) 

The locations simulated in this scenario consist of a shower area, a locker room and bathroom, and the 
main building. Table 2 shows the 50�Þ	G and 95�Þ	G percentile time-weighted average exposure 
concentrations in each of these locations. Similar to the statistics reported in Table 1, the values in the 
50�Þ	G and 95�Þ	G percentile columns represent statistics for each value individually and do not correspond 
with the CTE and RME results from the Quick Summary section. 

The exposure from taking a shower and being in the locker room can be much higher (but for shorter 
periods) than the exposure from being in the main building. Knowledge of this brief exposure to high 
levels in the shower and locker room might be useful when evaluating whether harmful effects might 
be possible from acute exposure to high concentrations. This acute exposure to high levels might be 
particularly important for irritant chemicals, such as formaldehyde, 2-butanone, and acetone. Some 
irritants, however, cannot be run using the model because parameters are lacking. Health assessors 
should evaluate this acute exposure duration if the acute EMEG is exceeded. More information about 
evaluating acute exposure can be found in ATSDR's Guidance for Evaluating Inhalation and Dermal 
Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors should consult with the 
Associate Director of Science (ADS) when evaluating brief exposure to high levels. 

 

Location 
50�Þ	G Percentile 
Exposure Time 

(min) 

50�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 

95�Þ	G Percentile 
Exposure Time 

(min) 

95�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 
Shower area 20.0 350 30.0 682 
Locker room 33.0 13 41.0 19 
Main building 951.0 0 1,398.0 0 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

Inhalation Doses (Table 3) 

Table 3 shows the CTE and RME daily inhalation doses in µg/kg/day, which are derived from age-
specific breathing rates and the average daily exposure concentrations calculated for each person in 
each Monte Carlo iteration. 

 

Table 2. 50�Þ	G and 95�Þ	G percentile exposure time and time-weighted average exposure 
concentration by location for all persons using the facility 

Table 3. CTE and RME daily inhalation doses for all persons using the facility 
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Exposure Group 
CTE Inhalation 

Dose 
(µg/kg/day) 

RME Inhalation 
Dose 

(µg/kg/day) 
Adult 1.2 2.5 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Model Parameters 

The following tables and figures present the parameter values that were used to run this custom 
scenario. These tables are provided for reference and generally are not reported in your public health 
documents. References for the default parameters used in this scenario can be found in ATSDR's 
Guidance for Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). 

In Table 4, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.252 ppb 
Inhalation Parameters — 
Shower f value 0.5093 
Bathroom sink f value 0.2426 
Toilet f value 0.2423 
Henry's law constant 0.3395 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 96.94 g/mol 
Dermal permeability coefficient (Kp) 0.011 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.042 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.37 hr/event 
Time to reach steady state (t*) 0.88 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 4. Chemical properties 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 196 of 376



 9 

 

Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Number of Appliances — 
Showers 3 
Toilets 2 
Bathroom sinks 1 
Area Volumes — 
Shower area volume 15 m³ (e.g., 65 ft² x 8 ft) 
Locker room and bathroom volume 19 m³ (e.g., 84 ft² x 8 ft) 
Air Exchange Rates — 
Shower area air exchange rate when facility is open 1.4 ACH 
Locker room and bathroom air exchange rate when facility is open 1.4 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 5. Mean parameters used to calculate inhalation and dermal doses 

Table 6. Facility information 
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Appliance Parameter Value 

Shower area — — 
Shower Flow rate 7.6 L/min 
Shower exhaust fan Total exhaust rate 1,800 L/min 
Locker room and bathroom — — 
Bathroom sink Flow rate 3.34 L/min 
Toilet Volume per flush 8.7 L/flush 
Bathroom exhaust fan Total exhaust rate 3,000 L/min 
Supply vent Outdoor air supply rate 994 L/min 

Abbreviations: L/min = liters per minute; L/flush = liters water per flush 

 

Parameter Value 

Activity Parameters — 
Time each person spends in the building Standard distribution 
Average bathroom visits per person 5 
Percent of people taking showers 100% 
Time in Building Standard Distribution Percentiles — 
Minimum 8.0 min/day (0.13 hr/day) 
5�Þ	G percentile 575 min/day (9.6 hr/day) 
25�Þ	G percentile 795 min/day (13.3 hr/day) 
50�Þ	G percentile 985 min/day (16.4 hr/day) 
75�Þ	G percentile 1,235 min/day (20.6 hr/day) 
90�Þ	G percentile 1,395 min/day (23.3 hr/day) 
95�Þ	G percentile 1,440 min/day (24 hr/day) 
98�Þ	G percentile 1,440 min/day (24 hr/day) 
99�Þ	G percentile 1,440 min/day (24 hr/day) 
Maximum 1,440 min/day (24 hr/day) 
Operating Hours — 
Schedule type Open all day 
Peak Periods — 
Peak period 1 start time 6:00 a.m. 
Peak period 1 end time 7:00 a.m. 

Abbreviations: hr = hours; % = percent; min/day = minutes per day 

Table 7. Appliance parameters 

Table 8. Daily facility usage parameters 
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Parameter Value 

Shower duration mean 20 min 
Shower duration standard deviation 5.3 min 
Average time in locker room before shower 5 min 
Average time in locker room after shower 10 min 
Average time in bathroom for bathroom-only visits 5 min 
Bathroom sink use duration mean 0.61 min 
Bathroom sink use duration standard deviation 0.57 min 

Abbreviations: min = minute 

Facility Visit Statistics 

Table 10 provides statistics on the facility visits simulated across all Monte Carlo iterations. The 
expected number of facility visits equals the product of the number of facility users, the average 
bathroom visits per person, and the number of Monte Carlo iterations. The actual number of simulated 
visits should be close to the expected number. Successful visits were those in which a person was able 
to use the facility, and unsuccessful visits were those in which the person was not, for one of the 
reasons described in the table. If the percentage of unsuccessful visits is 10% or more, a significant 
fraction of the simulated visits did not occur. This situation can occur for various reasons. For example, 
if you run a scenario where 1,000 people try to use a facility with only 1 shower, toilet, and bathroom 
sink, most of them will not be able to use the facility because it is at capacity, and the unsuccessful visit 
rate will be much higher than 10%. If the unsuccessful visit rate is 10% or more, you should review the 
reasons that the visits were unsuccessful and confirm that they are physically meaningful for your 
scenario. If they are not, review the inputs to your scenario for potential errors. See the ATSDR 
technical document (ATSDR 2024b) for more information, and for additional assistance, contact 
showermodel@cdc.gov. 

 

Statistic Value 
Percent of 
Simulated 
Visits 

Expected Visit Parameters — — 
Facility users 30 NA 
Average bathroom visits per person 5.0 NA 
Monte Carlo iterations 1,000 NA 
Expected simulated visits 150,000 NA 
Simulated Visit Statistics — — 

Table 9. Activity duration distribution parameters 

Table 10. Facility Visit Statistics 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 199 of 376



 12 

Statistic Value 
Percent of 
Simulated 
Visits 

Simulated visits 149,363 NA 
Successful visits 136,136 91% 
Unsuccessful visits 13,227 8.9% 
Reasons Visits Were Unsuccessful — — 
Insufficient time in bathroom to use toilet and sink 0 0% 
Facility visit overlapped with an earlier visit 1 6.7E-4% 
Facility visit ended after midnight 22 0.015% 
Part of the facility visit occurred when the facility was closed 0 0% 
The facility was already at maximum occupancy 193 0.13% 
A shower was not available 500 0.33% 
A toilet was not available 1,174 0.79% 
A bathroom sink was not available 11,337 7.6% 
Total facility visit time was greater than total time in building 0 0% 

Abbreviations: NA = not applicable; % = percent 

References 

[ATSDR] Agency for Toxic Substances and Disease Registry. 2024a. Guidance for Evaluating Inhalation 
and Dermal Exposure Using the Shower and Household Water-use Exposure (SHOWER) Model v4.0. 
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[ATSDR] Agency for Toxic Substances and Disease Registry. 2024b. Technical Document for the Shower 
and Household Water-use Exposure (SHOWER) Model v4.0. Atlanta, GA: U.S. Department of Health 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL HP 
Address: — 
Application: Version 4.0.1  
CASRN: 71-43-2 
Contaminant: Benzene 
Synonym: — 
Model Input Information — 
Chemical name: Benzene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 3 µg/L 
Outdoor air concentration: 0 µg/m³ 
Main building air concentration: 0 µg/m³ 

Scenario type: 
Modified Custom Shower and Locker Room 
Scenario 

Building type: Dorm or Barracks 
Number of persons using the facility: 30 
Percent of people taking showers: 100% 

Scenario Description 

This report is for a custom scenario Monte Carlo simulation of a shower and locker room facility used 
by 30 persons in a dorm or barracks. It provides information about the scenario parameters and the 
central tendency exposure (CTE) and reasonable maximum exposure (RME) results of the Monte Carlo 
simulation for 30 persons. This report uses scientific notation for numbers greater than 10,000 (1.0E+4) 
or less than 0.001 (1.0E-3). Parameter values in this custom scenario that differ from the default 
parameters for the standard scenario are highlighted in red. 

Unlike residential scenarios, which predefine resident activity patterns and specify a target person for 
calculating results, communal shower and bathroom scenarios do not predefine facility user activity 
patterns or specify a target person. Instead, they use Monte Carlo methods to randomly generate 
activity patterns based on input parameter distributions, and then derive CTE and RME statistics from 
the inhalation concentration and dermal dose distributions in the simulation output. The CTE result is 
the exposure for the person with the 50�Þ	G percentile (median) exposure across all Monte Carlo 
iterations, and the RME result is the exposure for the person with the 95�Þ	G percentile exposure. 

The Monte Carlo simulation conducted for this report generated 1,000 iterations of the scenario. 
Because each of the 1,000 iterations is randomly generated, the report output may change slightly 
from simulation to simulation. 
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Quick Summary 

Table S1 shows the CTE and RME average daily exposure concentrations for all persons using the 
facility. These daily exposure concentrations are 24-hour exposure concentrations derived from the 
exposure people experience while in the building. 

 

Exposure 
Type 

Percentile 
Exposure 

Daily Exposure 
Concentration 

(µg/m³) 
CTE 50�Þ	G 0.095 
RME 95�Þ	G 0.21 

Abbreviations: CTE = central tendency exposure; µg/m³ = micrograms chemical per cubic meter air; RME = reasonable 
maximum exposure 

Table S2 presents the CTE and RME dermal doses from contact with water for all persons using the 
facility. This contact occurs from showering and from hand washing while in the locker room.  

 

Exposure Group 
CTE Dermal Dose 

(µg/kg/day) 

RME Dermal 
Dose 

(µg/kg/day) 
Adult 0.0073 0.0090 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Supplemental Information 

The following sections of the report provide supplemental information about the scenario beyond 
what is provided in the Quick Summary section. They include additional summary statistics for the 
Monte Carlo simulation, one or more histograms of model results, and multiple tables showing the 
input parameters used in the scenario. Including this information in your public health document is 
optional. 

Monte Carlo Simulation Summary Statistics 

Table 1 provides summary statistics about the randomly generated facility usage patterns for this 
scenario across all Monte Carlo iterations. The values in the 50�Þ	G and 95�Þ	G percentile columns represent 
statistics for each parameter individually and do not correspond with the CTE and RME results from the 
Quick Summary section. For example, the 50�Þ	G percentile shower duration is the median shower time 
for all people that take showers, not the shower duration for the person with the 50�Þ	G percentile 

Table S1. CTE and RME daily exposure concentrations for all persons using the facility 

Table S2. CTE and RME daily administered dermal dose for all persons using the facility 
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exposure. For persons that shower in the facility, the time in shower and locker room accounts for the 
time that people spend in the locker room getting ready to shower and the time that they spend in the 
locker room getting dressed after their shower, in addition to time spent using the shower, toilet, and 
bathroom sink. For persons that do not shower in the facility, the time in locker room accounts for 
time spent using the toilet and bathroom sink. 

 

Parameter Mean 50�Þ	G percentile 95�Þ	G percentile 

Shower duration 20 min 19 min 30 min 
Time in shower and locker room 54 min 54 min 66 min 
Time using bathroom sink 2.6 min 2.4 min 4.7 min 
Time in building 17 hr 16 hr 24 hr 

Abbreviations: hr = hours; min = minute 

Table 1. Facility usage summary statistics for all persons using the facility 
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Scenario Results – Figures 

Figure 1 shows a histogram of the inhalation exposure concentrations for all persons using the facility. 
The figure also shows the CTE (50�Þ	G percentile) and RME (95�Þ	G percentile) average daily exposure 
concentrations for persons using the facility.  

Figure 1. Histogram of inhalation exposure concentrations for all persons using the facility 
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Figure 2 shows a histogram of dermal doses for all persons using the facility. Multiple doses were 
calculated for each person based on the exposure groups in the scenario, but the histogram shows only 
the highest dose calculated for each person. The CTE and RME flags identify the 50�Þ	G and 95�Þ	G 
percentile doses in the histogram. 

Figure 2. Histogram of administered dermal doses for all persons using the facility 
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Scenario Results – Inhalation Concentration and Dose Tables 

Peak Exposure By Location (Table 2) 

The locations simulated in this scenario consist of a shower area, a locker room and bathroom, and the 
main building. Table 2 shows the 50�Þ	G and 95�Þ	G percentile time-weighted average exposure 
concentrations in each of these locations. Similar to the statistics reported in Table 1, the values in the 
50�Þ	G and 95�Þ	G percentile columns represent statistics for each value individually and do not correspond 
with the CTE and RME results from the Quick Summary section. 

The exposure from taking a shower and being in the locker room can be much higher (but for shorter 
periods) than the exposure from being in the main building. Knowledge of this brief exposure to high 
levels in the shower and locker room might be useful when evaluating whether harmful effects might 
be possible from acute exposure to high concentrations. This acute exposure to high levels might be 
particularly important for irritant chemicals, such as formaldehyde, 2-butanone, and acetone. Some 
irritants, however, cannot be run using the model because parameters are lacking. Health assessors 
should evaluate this acute exposure duration if the acute EMEG is exceeded. More information about 
evaluating acute exposure can be found in ATSDR's Guidance for Evaluating Inhalation and Dermal 
Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors should consult with the 
Associate Director of Science (ADS) when evaluating brief exposure to high levels. 

 

Location 
50�Þ	G Percentile 
Exposure Time 

(min) 

50�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 

95�Þ	G Percentile 
Exposure Time 

(min) 

95�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 
Shower area 20.0 6.4 30.0 12 
Locker room 33.0 0.25 41.0 0.36 
Main building 950.0 0 1,399.0 0 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

Inhalation Doses (Table 3) 

Table 3 shows the CTE and RME daily inhalation doses in µg/kg/day, which are derived from age-
specific breathing rates and the average daily exposure concentrations calculated for each person in 
each Monte Carlo iteration. 

 

Table 2. 50�Þ	G and 95�Þ	G percentile exposure time and time-weighted average exposure 
concentration by location for all persons using the facility 

Table 3. CTE and RME daily inhalation doses for all persons using the facility 
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Exposure Group 
CTE Inhalation 

Dose 
(µg/kg/day) 

RME Inhalation 
Dose 

(µg/kg/day) 
Adult 0.021 0.046 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Model Parameters 

The following tables and figures present the parameter values that were used to run this custom 
scenario. These tables are provided for reference and generally are not reported in your public health 
documents. References for the default parameters used in this scenario can be found in ATSDR's 
Guidance for Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). 

In Table 4, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.313 ppb 
Inhalation Parameters — 
Shower f value 0.4878 
Bathroom sink f value 0.2324 
Toilet f value 0.232 
Henry's law constant 0.2307 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 78.12 g/mol 
Dermal permeability coefficient (Kp) 0.0149 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.051 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.29 hr/event 
Time to reach steady state (t*) 0.69 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 4. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Number of Appliances — 
Showers 3 
Toilets 2 
Bathroom sinks 1 
Area Volumes — 
Shower area volume 15 m³ (e.g., 65 ft² x 8 ft) 
Locker room and bathroom volume 19 m³ (e.g., 84 ft² x 8 ft) 
Air Exchange Rates — 
Shower area air exchange rate when facility is open 1.4 ACH 
Locker room and bathroom air exchange rate when facility is open 1.4 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 5. Mean parameters used to calculate inhalation and dermal doses 

Table 6. Facility information 
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Appliance Parameter Value 

Shower area — — 
Shower Flow rate 7.6 L/min 
Shower exhaust fan Total exhaust rate 1,800 L/min 
Locker room and bathroom — — 
Bathroom sink Flow rate 3.34 L/min 
Toilet Volume per flush 8.7 L/flush 
Bathroom exhaust fan Total exhaust rate 3,000 L/min 
Supply vent Outdoor air supply rate 994 L/min 

Abbreviations: L/min = liters per minute; L/flush = liters water per flush 

 

Parameter Value 

Activity Parameters — 
Time each person spends in the building Standard distribution 
Average bathroom visits per person 5 
Percent of people taking showers 100% 
Time in Building Standard Distribution Percentiles — 
Minimum 8.0 min/day (0.13 hr/day) 
5�Þ	G percentile 575 min/day (9.6 hr/day) 
25�Þ	G percentile 795 min/day (13.3 hr/day) 
50�Þ	G percentile 985 min/day (16.4 hr/day) 
75�Þ	G percentile 1,235 min/day (20.6 hr/day) 
90�Þ	G percentile 1,395 min/day (23.3 hr/day) 
95�Þ	G percentile 1,440 min/day (24 hr/day) 
98�Þ	G percentile 1,440 min/day (24 hr/day) 
99�Þ	G percentile 1,440 min/day (24 hr/day) 
Maximum 1,440 min/day (24 hr/day) 
Operating Hours — 
Schedule type Open all day 
Peak Periods — 
Peak period 1 start time 6:00 a.m. 
Peak period 1 end time 7:00 a.m. 

Abbreviations: hr = hours; % = percent; min/day = minutes per day 

Table 7. Appliance parameters 

Table 8. Daily facility usage parameters 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 210 of 376



 11 

 

Parameter Value 

Shower duration mean 20 min 
Shower duration standard deviation 5.3 min 
Average time in locker room before shower 5 min 
Average time in locker room after shower 10 min 
Average time in bathroom for bathroom-only visits 5 min 
Bathroom sink use duration mean 0.61 min 
Bathroom sink use duration standard deviation 0.57 min 

Abbreviations: min = minute 

Facility Visit Statistics 

Table 10 provides statistics on the facility visits simulated across all Monte Carlo iterations. The 
expected number of facility visits equals the product of the number of facility users, the average 
bathroom visits per person, and the number of Monte Carlo iterations. The actual number of simulated 
visits should be close to the expected number. Successful visits were those in which a person was able 
to use the facility, and unsuccessful visits were those in which the person was not, for one of the 
reasons described in the table. If the percentage of unsuccessful visits is 10% or more, a significant 
fraction of the simulated visits did not occur. This situation can occur for various reasons. For example, 
if you run a scenario where 1,000 people try to use a facility with only 1 shower, toilet, and bathroom 
sink, most of them will not be able to use the facility because it is at capacity, and the unsuccessful visit 
rate will be much higher than 10%. If the unsuccessful visit rate is 10% or more, you should review the 
reasons that the visits were unsuccessful and confirm that they are physically meaningful for your 
scenario. If they are not, review the inputs to your scenario for potential errors. See the ATSDR 
technical document (ATSDR 2024b) for more information, and for additional assistance, contact 
showermodel@cdc.gov. 

 

Statistic Value 
Percent of 
Simulated 
Visits 

Expected Visit Parameters — — 
Facility users 30 NA 
Average bathroom visits per person 5.0 NA 
Monte Carlo iterations 1,000 NA 
Expected simulated visits 150,000 NA 
Simulated Visit Statistics — — 

Table 9. Activity duration distribution parameters 

Table 10. Facility Visit Statistics 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 211 of 376



 12 

Statistic Value 
Percent of 
Simulated 
Visits 

Simulated visits 150,185 NA 
Successful visits 136,724 91% 
Unsuccessful visits 13,461 9.0% 
Reasons Visits Were Unsuccessful — — 
Insufficient time in bathroom to use toilet and sink 0 0% 
Facility visit overlapped with an earlier visit 0 0% 
Facility visit ended after midnight 27 0.018% 
Part of the facility visit occurred when the facility was closed 0 0% 
The facility was already at maximum occupancy 232 0.15% 
A shower was not available 461 0.31% 
A toilet was not available 1,165 0.78% 
A bathroom sink was not available 11,576 7.7% 
Total facility visit time was greater than total time in building 0 0% 

Abbreviations: NA = not applicable; % = percent 

References 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL HP 
Address: — 
Application: Version 4.0.1  
CASRN: 127-18-4 
Contaminant: Tetrachloroethylene 

Synonym: 

1,1,2,2-perchloroethylene 
1,1,2,2-tetrachloroethylene 
PCE 
PERC 
Perchloroethylene 
Tetrachloroethene 

Model Input Information — 
Chemical name: Tetrachloroethylene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 9.3 µg/L 
Outdoor air concentration: 0 µg/m³ 
Main building air concentration: 0 µg/m³ 

Scenario type: 
Modified Custom Shower and Locker Room 
Scenario 

Building type: Dorm or Barracks 
Number of persons using the facility: 30 
Percent of people taking showers: 100% 

Scenario Description 

This report is for a custom scenario Monte Carlo simulation of a shower and locker room facility used 
by 30 persons in a dorm or barracks. It provides information about the scenario parameters and the 
central tendency exposure (CTE) and reasonable maximum exposure (RME) results of the Monte Carlo 
simulation for 30 persons. This report uses scientific notation for numbers greater than 10,000 (1.0E+4) 
or less than 0.001 (1.0E-3). Parameter values in this custom scenario that differ from the default 
parameters for the standard scenario are highlighted in red. 

Unlike residential scenarios, which predefine resident activity patterns and specify a target person for 
calculating results, communal shower and bathroom scenarios do not predefine facility user activity 
patterns or specify a target person. Instead, they use Monte Carlo methods to randomly generate 
activity patterns based on input parameter distributions, and then derive CTE and RME statistics from 
the inhalation concentration and dermal dose distributions in the simulation output. The CTE result is 
the exposure for the person with the 50�Þ	G percentile (median) exposure across all Monte Carlo 
iterations, and the RME result is the exposure for the person with the 95�Þ	G percentile exposure. 
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The Monte Carlo simulation conducted for this report generated 1,000 iterations of the scenario. 
Because each of the 1,000 iterations is randomly generated, the report output may change slightly 
from simulation to simulation. 

Quick Summary 

Table S1 shows the CTE and RME average daily exposure concentrations for all persons using the 
facility. These daily exposure concentrations are 24-hour exposure concentrations derived from the 
exposure people experience while in the building. 

 

Exposure 
Type 

Percentile 
Exposure 

Daily Exposure 
Concentration 

(µg/m³) 
CTE 50�Þ	G 0.26 
RME 95�Þ	G 0.58 

Abbreviations: CTE = central tendency exposure; µg/m³ = micrograms chemical per cubic meter air; RME = reasonable 
maximum exposure 

Table S2 presents the CTE and RME dermal doses from contact with water for all persons using the 
facility. This contact occurs from showering and from hand washing while in the locker room.  

 

Exposure Group 
CTE Dermal Dose 

(µg/kg/day) 

RME Dermal 
Dose 

(µg/kg/day) 
Adult 0.092 0.11 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Supplemental Information 

The following sections of the report provide supplemental information about the scenario beyond 
what is provided in the Quick Summary section. They include additional summary statistics for the 
Monte Carlo simulation, one or more histograms of model results, and multiple tables showing the 
input parameters used in the scenario. Including this information in your public health document is 
optional. 

Table S1. CTE and RME daily exposure concentrations for all persons using the facility 

Table S2. CTE and RME daily administered dermal dose for all persons using the facility 
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Monte Carlo Simulation Summary Statistics 

Table 1 provides summary statistics about the randomly generated facility usage patterns for this 
scenario across all Monte Carlo iterations. The values in the 50�Þ	G and 95�Þ	G percentile columns represent 
statistics for each parameter individually and do not correspond with the CTE and RME results from the 
Quick Summary section. For example, the 50�Þ	G percentile shower duration is the median shower time 
for all people that take showers, not the shower duration for the person with the 50�Þ	G percentile 
exposure. For persons that shower in the facility, the time in shower and locker room accounts for the 
time that people spend in the locker room getting ready to shower and the time that they spend in the 
locker room getting dressed after their shower, in addition to time spent using the shower, toilet, and 
bathroom sink. For persons that do not shower in the facility, the time in locker room accounts for 
time spent using the toilet and bathroom sink. 

 

Parameter Mean 50�Þ	G percentile 95�Þ	G percentile 

Shower duration 20 min 19 min 30 min 
Time in shower and locker room 54 min 53 min 66 min 
Time using bathroom sink 2.6 min 2.4 min 4.7 min 
Time in building 17 hr 17 hr 24 hr 

Abbreviations: hr = hours; min = minute 

Table 1. Facility usage summary statistics for all persons using the facility 
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Scenario Results – Figures 

Figure 1 shows a histogram of the inhalation exposure concentrations for all persons using the facility. 
The figure also shows the CTE (50�Þ	G percentile) and RME (95�Þ	G percentile) average daily exposure 
concentrations for persons using the facility.  

Figure 1. Histogram of inhalation exposure concentrations for all persons using the facility 
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Figure 2 shows a histogram of dermal doses for all persons using the facility. Multiple doses were 
calculated for each person based on the exposure groups in the scenario, but the histogram shows only 
the highest dose calculated for each person. The CTE and RME flags identify the 50�Þ	G and 95�Þ	G 
percentile doses in the histogram. 

Figure 2. Histogram of administered dermal doses for all persons using the facility 
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Scenario Results – Inhalation Concentration and Dose Tables 

Peak Exposure By Location (Table 2) 

The locations simulated in this scenario consist of a shower area, a locker room and bathroom, and the 
main building. Table 2 shows the 50�Þ	G and 95�Þ	G percentile time-weighted average exposure 
concentrations in each of these locations. Similar to the statistics reported in Table 1, the values in the 
50�Þ	G and 95�Þ	G percentile columns represent statistics for each value individually and do not correspond 
with the CTE and RME results from the Quick Summary section. 

The exposure from taking a shower and being in the locker room can be much higher (but for shorter 
periods) than the exposure from being in the main building. Knowledge of this brief exposure to high 
levels in the shower and locker room might be useful when evaluating whether harmful effects might 
be possible from acute exposure to high concentrations. This acute exposure to high levels might be 
particularly important for irritant chemicals, such as formaldehyde, 2-butanone, and acetone. Some 
irritants, however, cannot be run using the model because parameters are lacking. Health assessors 
should evaluate this acute exposure duration if the acute EMEG is exceeded. More information about 
evaluating acute exposure can be found in ATSDR's Guidance for Evaluating Inhalation and Dermal 
Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors should consult with the 
Associate Director of Science (ADS) when evaluating brief exposure to high levels. 

 

Location 
50�Þ	G Percentile 
Exposure Time 

(min) 

50�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 

95�Þ	G Percentile 
Exposure Time 

(min) 

95�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 
Shower area 20.0 18 30.0 35 
Locker room 33.0 0.68 41.0 0.99 
Main building 956.0 0 1,399.0 0 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

Inhalation Doses (Table 3) 

Table 3 shows the CTE and RME daily inhalation doses in µg/kg/day, which are derived from age-
specific breathing rates and the average daily exposure concentrations calculated for each person in 
each Monte Carlo iteration. 

 

Table 2. 50�Þ	G and 95�Þ	G percentile exposure time and time-weighted average exposure 
concentration by location for all persons using the facility 

Table 3. CTE and RME daily inhalation doses for all persons using the facility 
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Exposure Group 
CTE Inhalation 

Dose 
(µg/kg/day) 

RME Inhalation 
Dose 

(µg/kg/day) 
Adult 0.058 0.13 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Model Parameters 

The following tables and figures present the parameter values that were used to run this custom 
scenario. These tables are provided for reference and generally are not reported in your public health 
documents. References for the default parameters used in this scenario can be found in ATSDR's 
Guidance for Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). 

In Table 4, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.147 ppb 
Inhalation Parameters — 
Shower f value 0.4366 
Bathroom sink f value 0.2079 
Toilet f value 0.2078 
Henry's law constant 0.748 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 165.834 g/mol 
Dermal permeability coefficient (Kp) 0.0334 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.17 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.89 hr/event 
Time to reach steady state (t*) 2.1 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 4. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Number of Appliances — 
Showers 3 
Toilets 2 
Bathroom sinks 1 
Area Volumes — 
Shower area volume 15 m³ (e.g., 65 ft² x 8 ft) 
Locker room and bathroom volume 19 m³ (e.g., 84 ft² x 8 ft) 
Air Exchange Rates — 
Shower area air exchange rate when facility is open 1.4 ACH 
Locker room and bathroom air exchange rate when facility is open 1.4 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 5. Mean parameters used to calculate inhalation and dermal doses 

Table 6. Facility information 
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Appliance Parameter Value 

Shower area — — 
Shower Flow rate 7.6 L/min 
Shower exhaust fan Total exhaust rate 1,800 L/min 
Locker room and bathroom — — 
Bathroom sink Flow rate 3.34 L/min 
Toilet Volume per flush 8.7 L/flush 
Bathroom exhaust fan Total exhaust rate 3,000 L/min 
Supply vent Outdoor air supply rate 994 L/min 

Abbreviations: L/min = liters per minute; L/flush = liters water per flush 

 

Parameter Value 

Activity Parameters — 
Time each person spends in the building Standard distribution 
Average bathroom visits per person 5 
Percent of people taking showers 100% 
Time in Building Standard Distribution Percentiles — 
Minimum 8.0 min/day (0.13 hr/day) 
5�Þ	G percentile 575 min/day (9.6 hr/day) 
25�Þ	G percentile 795 min/day (13.3 hr/day) 
50�Þ	G percentile 985 min/day (16.4 hr/day) 
75�Þ	G percentile 1,235 min/day (20.6 hr/day) 
90�Þ	G percentile 1,395 min/day (23.3 hr/day) 
95�Þ	G percentile 1,440 min/day (24 hr/day) 
98�Þ	G percentile 1,440 min/day (24 hr/day) 
99�Þ	G percentile 1,440 min/day (24 hr/day) 
Maximum 1,440 min/day (24 hr/day) 
Operating Hours — 
Schedule type Open all day 
Peak Periods — 
Peak period 1 start time 6:00 a.m. 
Peak period 1 end time 7:00 a.m. 

Abbreviations: hr = hours; % = percent; min/day = minutes per day 

Table 7. Appliance parameters 

Table 8. Daily facility usage parameters 
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Parameter Value 

Shower duration mean 20 min 
Shower duration standard deviation 5.3 min 
Average time in locker room before shower 5 min 
Average time in locker room after shower 10 min 
Average time in bathroom for bathroom-only visits 5 min 
Bathroom sink use duration mean 0.61 min 
Bathroom sink use duration standard deviation 0.57 min 

Abbreviations: min = minute 

Facility Visit Statistics 

Table 10 provides statistics on the facility visits simulated across all Monte Carlo iterations. The 
expected number of facility visits equals the product of the number of facility users, the average 
bathroom visits per person, and the number of Monte Carlo iterations. The actual number of simulated 
visits should be close to the expected number. Successful visits were those in which a person was able 
to use the facility, and unsuccessful visits were those in which the person was not, for one of the 
reasons described in the table. If the percentage of unsuccessful visits is 10% or more, a significant 
fraction of the simulated visits did not occur. This situation can occur for various reasons. For example, 
if you run a scenario where 1,000 people try to use a facility with only 1 shower, toilet, and bathroom 
sink, most of them will not be able to use the facility because it is at capacity, and the unsuccessful visit 
rate will be much higher than 10%. If the unsuccessful visit rate is 10% or more, you should review the 
reasons that the visits were unsuccessful and confirm that they are physically meaningful for your 
scenario. If they are not, review the inputs to your scenario for potential errors. See the ATSDR 
technical document (ATSDR 2024b) for more information, and for additional assistance, contact 
showermodel@cdc.gov. 

 

Statistic Value 
Percent of 
Simulated 
Visits 

Expected Visit Parameters — — 
Facility users 30 NA 
Average bathroom visits per person 5.0 NA 
Monte Carlo iterations 1,000 NA 
Expected simulated visits 150,000 NA 
Simulated Visit Statistics — — 

Table 9. Activity duration distribution parameters 

Table 10. Facility Visit Statistics 
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Statistic Value 
Percent of 
Simulated 
Visits 

Simulated visits 149,999 NA 
Successful visits 136,552 91% 
Unsuccessful visits 13,447 9.0% 
Reasons Visits Were Unsuccessful — — 
Insufficient time in bathroom to use toilet and sink 0 0% 
Facility visit overlapped with an earlier visit 0 0% 
Facility visit ended after midnight 21 0.014% 
Part of the facility visit occurred when the facility was closed 0 0% 
The facility was already at maximum occupancy 197 0.13% 
A shower was not available 500 0.33% 
A toilet was not available 1,206 0.80% 
A bathroom sink was not available 11,523 7.7% 
Total facility visit time was greater than total time in building 0 0% 

Abbreviations: NA = not applicable; % = percent 

References 

[ATSDR] Agency for Toxic Substances and Disease Registry. 2024a. Guidance for Evaluating Inhalation 
and Dermal Exposure Using the Shower and Household Water-use Exposure (SHOWER) Model v4.0. 
Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service. 

[ATSDR] Agency for Toxic Substances and Disease Registry. 2024b. Technical Document for the Shower 
and Household Water-use Exposure (SHOWER) Model v4.0. Atlanta, GA: U.S. Department of Health 
and Human Services, Public Health Service. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL HP 
Address: — 
Application: Version 4.0.1  
CASRN: 79-01-6 
Contaminant: Trichloroethylene 

Synonym: 
1,1,2-trichloroethylene 
TCE 
Trichloroethene 

Model Input Information — 
Chemical name: Trichloroethylene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 301.4 µg/L 
Outdoor air concentration: 0 µg/m³ 
Main building air concentration: 0 µg/m³ 

Scenario type: 
Modified Custom Shower and Locker Room 
Scenario 

Building type: Dorm or Barracks 
Number of persons using the facility: 30 
Percent of people taking showers: 100% 

Scenario Description 

This report is for a custom scenario Monte Carlo simulation of a shower and locker room facility used 
by 30 persons in a dorm or barracks. It provides information about the scenario parameters and the 
central tendency exposure (CTE) and reasonable maximum exposure (RME) results of the Monte Carlo 
simulation for 30 persons. This report uses scientific notation for numbers greater than 10,000 (1.0E+4) 
or less than 0.001 (1.0E-3). Parameter values in this custom scenario that differ from the default 
parameters for the standard scenario are highlighted in red. 

Unlike residential scenarios, which predefine resident activity patterns and specify a target person for 
calculating results, communal shower and bathroom scenarios do not predefine facility user activity 
patterns or specify a target person. Instead, they use Monte Carlo methods to randomly generate 
activity patterns based on input parameter distributions, and then derive CTE and RME statistics from 
the inhalation concentration and dermal dose distributions in the simulation output. The CTE result is 
the exposure for the person with the 50�Þ	G percentile (median) exposure across all Monte Carlo 
iterations, and the RME result is the exposure for the person with the 95�Þ	G percentile exposure. 
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The Monte Carlo simulation conducted for this report generated 1,000 iterations of the scenario. 
Because each of the 1,000 iterations is randomly generated, the report output may change slightly 
from simulation to simulation. 

Quick Summary 

Table S1 shows the CTE and RME average daily exposure concentrations for all persons using the 
facility. These daily exposure concentrations are 24-hour exposure concentrations derived from the 
exposure people experience while in the building. 

 

Exposure 
Type 

Percentile 
Exposure 

Daily Exposure 
Concentration 

(µg/m³) 
CTE 50�Þ	G 13 
RME 95�Þ	G 28 

Abbreviations: CTE = central tendency exposure; µg/m³ = micrograms chemical per cubic meter air; RME = reasonable 
maximum exposure 

Table S2 presents the CTE and RME dermal doses from contact with water for all persons using the 
facility. This contact occurs from showering and from hand washing while in the locker room.  

 

Exposure Group 
CTE Dermal Dose 

(µg/kg/day) 

RME Dermal 
Dose 

(µg/kg/day) 
Adult 0.71 0.87 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Supplemental Information 

The following sections of the report provide supplemental information about the scenario beyond 
what is provided in the Quick Summary section. They include additional summary statistics for the 
Monte Carlo simulation, one or more histograms of model results, and multiple tables showing the 
input parameters used in the scenario. Including this information in your public health document is 
optional. 

Table S1. CTE and RME daily exposure concentrations for all persons using the facility 

Table S2. CTE and RME daily administered dermal dose for all persons using the facility 
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Monte Carlo Simulation Summary Statistics 

Table 1 provides summary statistics about the randomly generated facility usage patterns for this 
scenario across all Monte Carlo iterations. The values in the 50�Þ	G and 95�Þ	G percentile columns represent 
statistics for each parameter individually and do not correspond with the CTE and RME results from the 
Quick Summary section. For example, the 50�Þ	G percentile shower duration is the median shower time 
for all people that take showers, not the shower duration for the person with the 50�Þ	G percentile 
exposure. For persons that shower in the facility, the time in shower and locker room accounts for the 
time that people spend in the locker room getting ready to shower and the time that they spend in the 
locker room getting dressed after their shower, in addition to time spent using the shower, toilet, and 
bathroom sink. For persons that do not shower in the facility, the time in locker room accounts for 
time spent using the toilet and bathroom sink. 

 

Parameter Mean 50�Þ	G percentile 95�Þ	G percentile 

Shower duration 20 min 19 min 30 min 
Time in shower and locker room 54 min 53 min 66 min 
Time using bathroom sink 2.6 min 2.4 min 4.7 min 
Time in building 17 hr 16 hr 24 hr 

Abbreviations: hr = hours; min = minute 

Table 1. Facility usage summary statistics for all persons using the facility 
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Scenario Results – Figures 

Figure 1 shows a histogram of the inhalation exposure concentrations for all persons using the facility. 
The figure also shows the CTE (50�Þ	G percentile) and RME (95�Þ	G percentile) average daily exposure 
concentrations for persons using the facility.  

Figure 1. Histogram of inhalation exposure concentrations for all persons using the facility 
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Figure 2 shows a histogram of dermal doses for all persons using the facility. Multiple doses were 
calculated for each person based on the exposure groups in the scenario, but the histogram shows only 
the highest dose calculated for each person. The CTE and RME flags identify the 50�Þ	G and 95�Þ	G 
percentile doses in the histogram. 

Figure 2. Histogram of administered dermal doses for all persons using the facility 
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Scenario Results – Inhalation Concentration and Dose Tables 

Peak Exposure By Location (Table 2) 

The locations simulated in this scenario consist of a shower area, a locker room and bathroom, and the 
main building. Table 2 shows the 50�Þ	G and 95�Þ	G percentile time-weighted average exposure 
concentrations in each of these locations. Similar to the statistics reported in Table 1, the values in the 
50�Þ	G and 95�Þ	G percentile columns represent statistics for each value individually and do not correspond 
with the CTE and RME results from the Quick Summary section. 

The exposure from taking a shower and being in the locker room can be much higher (but for shorter 
periods) than the exposure from being in the main building. Knowledge of this brief exposure to high 
levels in the shower and locker room might be useful when evaluating whether harmful effects might 
be possible from acute exposure to high concentrations. This acute exposure to high levels might be 
particularly important for irritant chemicals, such as formaldehyde, 2-butanone, and acetone. Some 
irritants, however, cannot be run using the model because parameters are lacking. Health assessors 
should evaluate this acute exposure duration if the acute EMEG is exceeded. More information about 
evaluating acute exposure can be found in ATSDR's Guidance for Evaluating Inhalation and Dermal 
Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors should consult with the 
Associate Director of Science (ADS) when evaluating brief exposure to high levels. 

 

Location 
50�Þ	G Percentile 
Exposure Time 

(min) 

50�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 

95�Þ	G Percentile 
Exposure Time 

(min) 

95�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 
Shower area 20.0 872 30.0 1,695 
Locker room 33.0 24 41.0 34 
Main building 953.0 0 1,399.0 0 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

Inhalation Doses (Table 3) 

Table 3 shows the CTE and RME daily inhalation doses in µg/kg/day, which are derived from age-
specific breathing rates and the average daily exposure concentrations calculated for each person in 
each Monte Carlo iteration. 

 

Table 2. 50�Þ	G and 95�Þ	G percentile exposure time and time-weighted average exposure 
concentration by location for all persons using the facility 

Table 3. CTE and RME daily inhalation doses for all persons using the facility 
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Exposure Group 
CTE Inhalation 

Dose 
(µg/kg/day) 

RME Inhalation 
Dose 

(µg/kg/day) 
Adult 2.8 6.2 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Model Parameters 

The following tables and figures present the parameter values that were used to run this custom 
scenario. These tables are provided for reference and generally are not reported in your public health 
documents. References for the default parameters used in this scenario can be found in ATSDR's 
Guidance for Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). 

In Table 4, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.186 ppb 
Inhalation Parameters — 
Shower f value 0.67 
Bathroom sink f value 0.2229 
Toilet f value 0.2226 
Henry's law constant 0.4121 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 131.3889 g/mol 
Dermal permeability coefficient (Kp) 0.0116 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.051 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.57 hr/event 
Time to reach steady state (t*) 1.4 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 4. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Number of Appliances — 
Showers 3 
Toilets 2 
Bathroom sinks 1 
Area Volumes — 
Shower area volume 15 m³ (e.g., 65 ft² x 8 ft) 
Locker room and bathroom volume 19 m³ (e.g., 84 ft² x 8 ft) 
Air Exchange Rates — 
Shower area air exchange rate when facility is open 1.4 ACH 
Locker room and bathroom air exchange rate when facility is open 1.4 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 5. Mean parameters used to calculate inhalation and dermal doses 

Table 6. Facility information 
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Appliance Parameter Value 

Shower area — — 
Shower Flow rate 7.6 L/min 
Shower exhaust fan Total exhaust rate 1,800 L/min 
Locker room and bathroom — — 
Bathroom sink Flow rate 3.34 L/min 
Toilet Volume per flush 8.7 L/flush 
Bathroom exhaust fan Total exhaust rate 3,000 L/min 
Supply vent Outdoor air supply rate 994 L/min 

Abbreviations: L/min = liters per minute; L/flush = liters water per flush 

 

Parameter Value 

Activity Parameters — 
Time each person spends in the building Standard distribution 
Average bathroom visits per person 5 
Percent of people taking showers 100% 
Time in Building Standard Distribution Percentiles — 
Minimum 8.0 min/day (0.13 hr/day) 
5�Þ	G percentile 575 min/day (9.6 hr/day) 
25�Þ	G percentile 795 min/day (13.3 hr/day) 
50�Þ	G percentile 985 min/day (16.4 hr/day) 
75�Þ	G percentile 1,235 min/day (20.6 hr/day) 
90�Þ	G percentile 1,395 min/day (23.3 hr/day) 
95�Þ	G percentile 1,440 min/day (24 hr/day) 
98�Þ	G percentile 1,440 min/day (24 hr/day) 
99�Þ	G percentile 1,440 min/day (24 hr/day) 
Maximum 1,440 min/day (24 hr/day) 
Operating Hours — 
Schedule type Open all day 
Peak Periods — 
Peak period 1 start time 6:00 a.m. 
Peak period 1 end time 7:00 a.m. 

Abbreviations: hr = hours; % = percent; min/day = minutes per day 

Table 7. Appliance parameters 

Table 8. Daily facility usage parameters 
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Parameter Value 

Shower duration mean 20 min 
Shower duration standard deviation 5.3 min 
Average time in locker room before shower 5 min 
Average time in locker room after shower 10 min 
Average time in bathroom for bathroom-only visits 5 min 
Bathroom sink use duration mean 0.61 min 
Bathroom sink use duration standard deviation 0.57 min 

Abbreviations: min = minute 

Facility Visit Statistics 

Table 10 provides statistics on the facility visits simulated across all Monte Carlo iterations. The 
expected number of facility visits equals the product of the number of facility users, the average 
bathroom visits per person, and the number of Monte Carlo iterations. The actual number of simulated 
visits should be close to the expected number. Successful visits were those in which a person was able 
to use the facility, and unsuccessful visits were those in which the person was not, for one of the 
reasons described in the table. If the percentage of unsuccessful visits is 10% or more, a significant 
fraction of the simulated visits did not occur. This situation can occur for various reasons. For example, 
if you run a scenario where 1,000 people try to use a facility with only 1 shower, toilet, and bathroom 
sink, most of them will not be able to use the facility because it is at capacity, and the unsuccessful visit 
rate will be much higher than 10%. If the unsuccessful visit rate is 10% or more, you should review the 
reasons that the visits were unsuccessful and confirm that they are physically meaningful for your 
scenario. If they are not, review the inputs to your scenario for potential errors. See the ATSDR 
technical document (ATSDR 2024b) for more information, and for additional assistance, contact 
showermodel@cdc.gov. 

 

Statistic Value 
Percent of 
Simulated 
Visits 

Expected Visit Parameters — — 
Facility users 30 NA 
Average bathroom visits per person 5.0 NA 
Monte Carlo iterations 1,000 NA 
Expected simulated visits 150,000 NA 
Simulated Visit Statistics — — 

Table 9. Activity duration distribution parameters 

Table 10. Facility Visit Statistics 
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Statistic Value 
Percent of 
Simulated 
Visits 

Simulated visits 149,627 NA 
Successful visits 136,371 91% 
Unsuccessful visits 13,256 8.9% 
Reasons Visits Were Unsuccessful — — 
Insufficient time in bathroom to use toilet and sink 0 0% 
Facility visit overlapped with an earlier visit 2 0.0013% 
Facility visit ended after midnight 31 0.021% 
Part of the facility visit occurred when the facility was closed 0 0% 
The facility was already at maximum occupancy 208 0.14% 
A shower was not available 484 0.32% 
A toilet was not available 1,108 0.74% 
A bathroom sink was not available 11,423 7.6% 
Total facility visit time was greater than total time in building 0 0% 

Abbreviations: NA = not applicable; % = percent 

References 

[ATSDR] Agency for Toxic Substances and Disease Registry. 2024a. Guidance for Evaluating Inhalation 
and Dermal Exposure Using the Shower and Household Water-use Exposure (SHOWER) Model v4.0. 
Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service. 

[ATSDR] Agency for Toxic Substances and Disease Registry. 2024b. Technical Document for the Shower 
and Household Water-use Exposure (SHOWER) Model v4.0. Atlanta, GA: U.S. Department of Health 
and Human Services, Public Health Service. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL HP 
Address: — 
Application: Version 4.0.1  
CASRN: 75-01-4 
Contaminant: Vinyl chloride 

Synonym: 
Chlorethene 
Chloroethylene 

Model Input Information — 
Chemical name: Vinyl chloride 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 13.7 µg/L 
Outdoor air concentration: 0 µg/m³ 
Main building air concentration: 0 µg/m³ 

Scenario type: 
Modified Custom Shower and Locker Room 
Scenario 

Building type: Dorm or Barracks 
Number of persons using the facility: 30 
Percent of people taking showers: 100% 

Scenario Description 

This report is for a custom scenario Monte Carlo simulation of a shower and locker room facility used 
by 30 persons in a dorm or barracks. It provides information about the scenario parameters and the 
central tendency exposure (CTE) and reasonable maximum exposure (RME) results of the Monte Carlo 
simulation for 30 persons. This report uses scientific notation for numbers greater than 10,000 (1.0E+4) 
or less than 0.001 (1.0E-3). Parameter values in this custom scenario that differ from the default 
parameters for the standard scenario are highlighted in red. 

Unlike residential scenarios, which predefine resident activity patterns and specify a target person for 
calculating results, communal shower and bathroom scenarios do not predefine facility user activity 
patterns or specify a target person. Instead, they use Monte Carlo methods to randomly generate 
activity patterns based on input parameter distributions, and then derive CTE and RME statistics from 
the inhalation concentration and dermal dose distributions in the simulation output. The CTE result is 
the exposure for the person with the 50�Þ	G percentile (median) exposure across all Monte Carlo 
iterations, and the RME result is the exposure for the person with the 95�Þ	G percentile exposure. 

The Monte Carlo simulation conducted for this report generated 1,000 iterations of the scenario. 
Because each of the 1,000 iterations is randomly generated, the report output may change slightly 
from simulation to simulation. 
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Quick Summary 

Table S1 shows the CTE and RME average daily exposure concentrations for all persons using the 
facility. These daily exposure concentrations are 24-hour exposure concentrations derived from the 
exposure people experience while in the building. 

 

Exposure 
Type 

Percentile 
Exposure 

Daily Exposure 
Concentration 

(µg/m³) 
CTE 50�Þ	G 0.50 
RME 95�Þ	G 1.1 

Abbreviations: CTE = central tendency exposure; µg/m³ = micrograms chemical per cubic meter air; RME = reasonable 
maximum exposure 

Table S2 presents the CTE and RME dermal doses from contact with water for all persons using the 
facility. This contact occurs from showering and from hand washing while in the locker room.  

 

Exposure Group 
CTE Dermal Dose 

(µg/kg/day) 

RME Dermal 
Dose 

(µg/kg/day) 
Adult 0.016 0.020 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Supplemental Information 

The following sections of the report provide supplemental information about the scenario beyond 
what is provided in the Quick Summary section. They include additional summary statistics for the 
Monte Carlo simulation, one or more histograms of model results, and multiple tables showing the 
input parameters used in the scenario. Including this information in your public health document is 
optional. 

Monte Carlo Simulation Summary Statistics 

Table 1 provides summary statistics about the randomly generated facility usage patterns for this 
scenario across all Monte Carlo iterations. The values in the 50�Þ	G and 95�Þ	G percentile columns represent 
statistics for each parameter individually and do not correspond with the CTE and RME results from the 
Quick Summary section. For example, the 50�Þ	G percentile shower duration is the median shower time 
for all people that take showers, not the shower duration for the person with the 50�Þ	G percentile 

Table S1. CTE and RME daily exposure concentrations for all persons using the facility 

Table S2. CTE and RME daily administered dermal dose for all persons using the facility 
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exposure. For persons that shower in the facility, the time in shower and locker room accounts for the 
time that people spend in the locker room getting ready to shower and the time that they spend in the 
locker room getting dressed after their shower, in addition to time spent using the shower, toilet, and 
bathroom sink. For persons that do not shower in the facility, the time in locker room accounts for 
time spent using the toilet and bathroom sink. 

 

Parameter Mean 50�Þ	G percentile 95�Þ	G percentile 

Shower duration 20 min 19 min 30 min 
Time in shower and locker room 54 min 53 min 66 min 
Time using bathroom sink 2.6 min 2.5 min 4.7 min 
Time in building 17 hr 17 hr 24 hr 

Abbreviations: hr = hours; min = minute 

Table 1. Facility usage summary statistics for all persons using the facility 
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Scenario Results – Figures 

Figure 1 shows a histogram of the inhalation exposure concentrations for all persons using the facility. 
The figure also shows the CTE (50�Þ	G percentile) and RME (95�Þ	G percentile) average daily exposure 
concentrations for persons using the facility.  

Figure 1. Histogram of inhalation exposure concentrations for all persons using the facility 
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Figure 2 shows a histogram of dermal doses for all persons using the facility. Multiple doses were 
calculated for each person based on the exposure groups in the scenario, but the histogram shows only 
the highest dose calculated for each person. The CTE and RME flags identify the 50�Þ	G and 95�Þ	G 
percentile doses in the histogram. 

Figure 2. Histogram of administered dermal doses for all persons using the facility 
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Scenario Results – Inhalation Concentration and Dose Tables 

Peak Exposure By Location (Table 2) 

The locations simulated in this scenario consist of a shower area, a locker room and bathroom, and the 
main building. Table 2 shows the 50�Þ	G and 95�Þ	G percentile time-weighted average exposure 
concentrations in each of these locations. Similar to the statistics reported in Table 1, the values in the 
50�Þ	G and 95�Þ	G percentile columns represent statistics for each value individually and do not correspond 
with the CTE and RME results from the Quick Summary section. 

The exposure from taking a shower and being in the locker room can be much higher (but for shorter 
periods) than the exposure from being in the main building. Knowledge of this brief exposure to high 
levels in the shower and locker room might be useful when evaluating whether harmful effects might 
be possible from acute exposure to high concentrations. This acute exposure to high levels might be 
particularly important for irritant chemicals, such as formaldehyde, 2-butanone, and acetone. Some 
irritants, however, cannot be run using the model because parameters are lacking. Health assessors 
should evaluate this acute exposure duration if the acute EMEG is exceeded. More information about 
evaluating acute exposure can be found in ATSDR's Guidance for Evaluating Inhalation and Dermal 
Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors should consult with the 
Associate Director of Science (ADS) when evaluating brief exposure to high levels. 

 

Location 
50�Þ	G Percentile 
Exposure Time 

(min) 

50�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 

95�Þ	G Percentile 
Exposure Time 

(min) 

95�Þ	G Percentile 
Time-weighted 

Average Exposure 
Concentration 

(µg/m³) 
Shower area 20.0 34 30.0 66 
Locker room 33.0 1.3 41.0 1.9 
Main building 957.0 0 1,399.0 0 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

Inhalation Doses (Table 3) 

Table 3 shows the CTE and RME daily inhalation doses in µg/kg/day, which are derived from age-
specific breathing rates and the average daily exposure concentrations calculated for each person in 
each Monte Carlo iteration. 

 

Table 2. 50�Þ	G and 95�Þ	G percentile exposure time and time-weighted average exposure 
concentration by location for all persons using the facility 

Table 3. CTE and RME daily inhalation doses for all persons using the facility 
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Exposure Group 
CTE Inhalation 

Dose 
(µg/kg/day) 

RME Inhalation 
Dose 

(µg/kg/day) 
Adult 0.11 0.24 

Abbreviations: CTE = central tendency exposure; µg/kg/day = micrograms chemical per kilograms body weight per day; RME 
= reasonable maximum exposure 

Model Parameters 

The following tables and figures present the parameter values that were used to run this custom 
scenario. These tables are provided for reference and generally are not reported in your public health 
documents. References for the default parameters used in this scenario can be found in ATSDR's 
Guidance for Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). 

In Table 4, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.391 ppb 
Inhalation Parameters — 
Shower f value 0.569 
Bathroom sink f value 0.2709 
Toilet f value 0.2709 
Henry's law constant 1.851 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 62.5 g/mol 
Dermal permeability coefficient (Kp) 0.00838 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.025 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.24 hr/event 
Time to reach steady state (t*) 0.56 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 4. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Number of Appliances — 
Showers 3 
Toilets 2 
Bathroom sinks 1 
Area Volumes — 
Shower area volume 15 m³ (e.g., 65 ft² x 8 ft) 
Locker room and bathroom volume 19 m³ (e.g., 84 ft² x 8 ft) 
Air Exchange Rates — 
Shower area air exchange rate when facility is open 1.4 ACH 
Locker room and bathroom air exchange rate when facility is open 1.4 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 5. Mean parameters used to calculate inhalation and dermal doses 

Table 6. Facility information 
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Appliance Parameter Value 

Shower area — — 
Shower Flow rate 7.6 L/min 
Shower exhaust fan Total exhaust rate 1,800 L/min 
Locker room and bathroom — — 
Bathroom sink Flow rate 3.34 L/min 
Toilet Volume per flush 8.7 L/flush 
Bathroom exhaust fan Total exhaust rate 3,000 L/min 
Supply vent Outdoor air supply rate 994 L/min 

Abbreviations: L/min = liters per minute; L/flush = liters water per flush 

 

Parameter Value 

Activity Parameters — 
Time each person spends in the building Standard distribution 
Average bathroom visits per person 5 
Percent of people taking showers 100% 
Time in Building Standard Distribution Percentiles — 
Minimum 8.0 min/day (0.13 hr/day) 
5�Þ	G percentile 575 min/day (9.6 hr/day) 
25�Þ	G percentile 795 min/day (13.3 hr/day) 
50�Þ	G percentile 985 min/day (16.4 hr/day) 
75�Þ	G percentile 1,235 min/day (20.6 hr/day) 
90�Þ	G percentile 1,395 min/day (23.3 hr/day) 
95�Þ	G percentile 1,440 min/day (24 hr/day) 
98�Þ	G percentile 1,440 min/day (24 hr/day) 
99�Þ	G percentile 1,440 min/day (24 hr/day) 
Maximum 1,440 min/day (24 hr/day) 
Operating Hours — 
Schedule type Open all day 
Peak Periods — 
Peak period 1 start time 6:00 a.m. 
Peak period 1 end time 7:00 a.m. 

Abbreviations: hr = hours; % = percent; min/day = minutes per day 

Table 7. Appliance parameters 

Table 8. Daily facility usage parameters 
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Parameter Value 

Shower duration mean 20 min 
Shower duration standard deviation 5.3 min 
Average time in locker room before shower 5 min 
Average time in locker room after shower 10 min 
Average time in bathroom for bathroom-only visits 5 min 
Bathroom sink use duration mean 0.61 min 
Bathroom sink use duration standard deviation 0.57 min 

Abbreviations: min = minute 

Facility Visit Statistics 

Table 10 provides statistics on the facility visits simulated across all Monte Carlo iterations. The 
expected number of facility visits equals the product of the number of facility users, the average 
bathroom visits per person, and the number of Monte Carlo iterations. The actual number of simulated 
visits should be close to the expected number. Successful visits were those in which a person was able 
to use the facility, and unsuccessful visits were those in which the person was not, for one of the 
reasons described in the table. If the percentage of unsuccessful visits is 10% or more, a significant 
fraction of the simulated visits did not occur. This situation can occur for various reasons. For example, 
if you run a scenario where 1,000 people try to use a facility with only 1 shower, toilet, and bathroom 
sink, most of them will not be able to use the facility because it is at capacity, and the unsuccessful visit 
rate will be much higher than 10%. If the unsuccessful visit rate is 10% or more, you should review the 
reasons that the visits were unsuccessful and confirm that they are physically meaningful for your 
scenario. If they are not, review the inputs to your scenario for potential errors. See the ATSDR 
technical document (ATSDR 2024b) for more information, and for additional assistance, contact 
showermodel@cdc.gov. 

 

Statistic Value 
Percent of 
Simulated 
Visits 

Expected Visit Parameters — — 
Facility users 30 NA 
Average bathroom visits per person 5.0 NA 
Monte Carlo iterations 1,000 NA 
Expected simulated visits 150,000 NA 
Simulated Visit Statistics — — 

Table 9. Activity duration distribution parameters 

Table 10. Facility Visit Statistics 
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Statistic Value 
Percent of 
Simulated 
Visits 

Simulated visits 150,243 NA 
Successful visits 136,860 91% 
Unsuccessful visits 13,383 8.9% 
Reasons Visits Were Unsuccessful — — 
Insufficient time in bathroom to use toilet and sink 0 0% 
Facility visit overlapped with an earlier visit 0 0% 
Facility visit ended after midnight 21 0.014% 
Part of the facility visit occurred when the facility was closed 0 0% 
The facility was already at maximum occupancy 196 0.13% 
A shower was not available 437 0.29% 
A toilet was not available 1,150 0.77% 
A bathroom sink was not available 11,579 7.7% 
Total facility visit time was greater than total time in building 0 0% 

Abbreviations: NA = not applicable; % = percent 
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Three morning showers 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 156-60-5 
Contaminant: 1,2-dichloroethene, trans- 

Synonym: 

1,2-dichloroethylene, trans- 
trans-1,2-DCE 
trans-1,2-dichloroethene 
trans-1,2-dichloroethylene 

Model Input Information — 
Chemical name: 1,2-dichloroethene, trans- 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 7.1 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 7-minute morning tub bath; 
7-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:48 a.m. 1.6 
2 — Showering in Shower #1 at 6:35 a.m. 1.5 

3 X 
Helping with tub bath in Bathroom #1 at 6:48 a.m. 

Showering in Shower #1 at 7:01 a.m. 
1.8 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily 
exposure concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 0.38 0.010 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 7 103 
Bathroom after shower 5 51 
Main house with additional 
bathroom visits 

1,008 1.6 

Away from house 420 0 
Average daily exposure 1,440 1.8 
Main house (all day) 1,440 0.83 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 7 28 
Bathroom after shower 5 9.8 
Main house with additional 
bathroom visits 

1,008 62 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.252 ppb 
Inhalation Parameters — 
Shower f value 0.5093 
Bathroom sink f value 0.2426 
Bathtub f value 0.38 
Toilet f value 0.2423 
Clothes washer f value 0.7277 
Dishwasher f value 0.7281 
Kitchen sink f value 0.2426 
Utility sink f value 0.2426 
Henry's law constant 0.3395 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 96.94 g/mol 
Dermal permeability coefficient (Kp) 0.011 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.042 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.37 hr/event 
Time to reach steady state (t*) 0.88 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:48 a.m. 7 5 3 
2 Showering Shower #1 6:35 a.m. 7 5 NA 
3 Showering Shower #1 7:01 a.m. 7 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:48 a.m. Shower #1 Bath tub #1: 6:48 a.m. 

1 6:55 a.m. 
Bathroom 

#1 
Toilet #1: 6:55 a.m.; Bathroom sink #1: 6:56 a.m. 

1 7:00 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 259 of 376



 12 

Person Start Time Location Appliance Start Times 

1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 
1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 6:35 a.m. Shower #1 Shower #1: 6:35 a.m. 

2 6:42 a.m. 
Bathroom 

#1 
Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 

2 6:47 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:48 a.m. 
Bathroom 

#1 
— 

3 6:55 a.m. 
Bathroom 

#1 
— 

3 7:00 a.m. Main house — 
3 7:01 a.m. Shower #1 Shower #1: 7:01 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 127-18-4 
Contaminant: Tetrachloroethylene 

Synonym: 

1,1,2,2-perchloroethylene 
1,1,2,2-tetrachloroethylene 
PCE 
PERC 
Perchloroethylene 
Tetrachloroethene 

Model Input Information — 
Chemical name: Tetrachloroethylene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 55.1 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 7-minute morning tub bath; 
7-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:48 a.m. 11 
2 — Showering in Shower #1 at 6:35 a.m. 9.9 

3 X 
Helping with tub bath in Bathroom #1 at 6:48 a.m. 

Showering in Shower #1 at 7:01 a.m. 
12 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day.. According to EPA guidance, dermal doses for this halogenated compound may be 
underestimated (see the SHOWER model technical document or EPA's RAGS, Part E for further details). 
Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily exposure 
concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 2.6 0.38 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 
or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 7 698 
Bathroom after shower 5 342 
Main house with additional 
bathroom visits 

1,008 11 

Away from house 420 0 
Average daily exposure 1,440 12 
Main house (all day) 1,440 5.6 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 268 of 376



 5 

Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 7 28 
Bathroom after shower 5 9.8 
Main house with additional 
bathroom visits 

1,008 62 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.147 ppb 
Inhalation Parameters — 
Shower f value 0.4366 
Bathroom sink f value 0.2079 
Bathtub f value 0.3257 
Toilet f value 0.2078 
Clothes washer f value 0.6238 
Dishwasher f value 0.624 
Kitchen sink f value 0.2079 
Utility sink f value 0.2079 
Henry's law constant 0.748 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 165.834 g/mol 
Dermal permeability coefficient (Kp) 0.0334 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.17 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.89 hr/event 
Time to reach steady state (t*) 2.1 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:48 a.m. 7 5 3 
2 Showering Shower #1 6:35 a.m. 7 5 NA 
3 Showering Shower #1 7:01 a.m. 7 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:48 a.m. Shower #1 Bath tub #1: 6:48 a.m. 

1 6:55 a.m. 
Bathroom 

#1 
Toilet #1: 6:55 a.m.; Bathroom sink #1: 6:56 a.m. 

1 7:00 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 275 of 376



 12 

Person Start Time Location Appliance Start Times 

1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 
1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 6:35 a.m. Shower #1 Shower #1: 6:35 a.m. 

2 6:42 a.m. 
Bathroom 

#1 
Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 

2 6:47 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:48 a.m. 
Bathroom 

#1 
— 

3 6:55 a.m. 
Bathroom 

#1 
— 

3 7:00 a.m. Main house — 
3 7:01 a.m. Shower #1 Shower #1: 7:01 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 75-01-4 
Contaminant: Vinyl chloride 

Synonym: 
Chlorethene 
Chloroethylene 

Model Input Information — 
Chemical name: Vinyl chloride 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 3.9 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 7-minute morning tub bath; 
7-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:48 a.m. 0.99 
2 — Showering in Shower #1 at 6:35 a.m. 0.92 

3 X 
Helping with tub bath in Bathroom #1 at 6:48 a.m. 

Showering in Shower #1 at 7:01 a.m. 
1.1 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. According to EPA guidance, dermal doses for this halogenated compound may be 
underestimated (see the SHOWER model technical document or EPA's RAGS, Part E for further details). 
Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily exposure 
concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 0.24 0.0032 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 
or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 7 65 
Bathroom after shower 5 32 
Main house with additional 
bathroom visits 

1,008 0.99 

Away from house 420 0 
Average daily exposure 1,440 1.1 
Main house (all day) 1,440 0.52 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 7 28 
Bathroom after shower 5 9.8 
Main house with additional 
bathroom visits 

1,008 62 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.391 ppb 
Inhalation Parameters — 
Shower f value 0.569 
Bathroom sink f value 0.2709 
Bathtub f value 0.4245 
Toilet f value 0.2709 
Clothes washer f value 0.8128 
Dishwasher f value 0.8129 
Kitchen sink f value 0.2709 
Utility sink f value 0.2709 
Henry's law constant 1.851 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 62.5 g/mol 
Dermal permeability coefficient (Kp) 0.00838 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.025 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.24 hr/event 
Time to reach steady state (t*) 0.56 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:48 a.m. 7 5 3 
2 Showering Shower #1 6:35 a.m. 7 5 NA 
3 Showering Shower #1 7:01 a.m. 7 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:48 a.m. Shower #1 Bath tub #1: 6:48 a.m. 

1 6:55 a.m. 
Bathroom 

#1 
Toilet #1: 6:55 a.m.; Bathroom sink #1: 6:56 a.m. 

1 7:00 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 291 of 376



 12 

Person Start Time Location Appliance Start Times 

1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 
1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 6:35 a.m. Shower #1 Shower #1: 6:35 a.m. 

2 6:42 a.m. 
Bathroom 

#1 
Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 

2 6:47 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:48 a.m. 
Bathroom 

#1 
— 

3 6:55 a.m. 
Bathroom 

#1 
— 

3 7:00 a.m. Main house — 
3 7:01 a.m. Shower #1 Shower #1: 7:01 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 79-01-6 
Contaminant: Trichloroethylene 

Synonym: 
1,1,2-trichloroethylene 
TCE 
Trichloroethene 

Model Input Information — 
Chemical name: Trichloroethylene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 2.2 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 7-minute morning tub bath; 
7-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:48 a.m. 0.52 
2 — Showering in Shower #1 at 6:35 a.m. 0.49 

3 X 
Helping with tub bath in Bathroom #1 at 6:48 a.m. 

Showering in Shower #1 at 7:01 a.m. 
0.60 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. According to EPA guidance, dermal doses for this halogenated compound may be 
underestimated (see the SHOWER model technical document or EPA's RAGS, Part E for further details). 
Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily exposure 
concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 0.13 0.0037 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 
or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 7 38 
Bathroom after shower 5 17 
Main house with additional 
bathroom visits 

1,008 0.50 

Away from house 420 0 
Average daily exposure 1,440 0.60 
Main house (all day) 1,440 0.26 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 7 31 
Bathroom after shower 5 10 
Main house with additional 
bathroom visits 

1,008 59 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 

 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 303 of 376



 8 

Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.186 ppb 
Inhalation Parameters — 
Shower f value 0.67 
Bathroom sink f value 0.2229 
Bathtub f value 0.3491 
Toilet f value 0.2226 
Clothes washer f value 0.6686 
Dishwasher f value 0.6689 
Kitchen sink f value 0.2229 
Utility sink f value 0.2229 
Henry's law constant 0.4121 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 131.3889 g/mol 
Dermal permeability coefficient (Kp) 0.0116 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.051 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.57 hr/event 
Time to reach steady state (t*) 1.4 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:48 a.m. 7 5 3 
2 Showering Shower #1 6:35 a.m. 7 5 NA 
3 Showering Shower #1 7:01 a.m. 7 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:48 a.m. Shower #1 Bath tub #1: 6:48 a.m. 

1 6:55 a.m. 
Bathroom 

#1 
Toilet #1: 6:55 a.m.; Bathroom sink #1: 6:56 a.m. 

1 7:00 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 
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Person Start Time Location Appliance Start Times 

1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 
1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 6:35 a.m. Shower #1 Shower #1: 6:35 a.m. 

2 6:42 a.m. 
Bathroom 

#1 
Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 

2 6:47 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:48 a.m. 
Bathroom 

#1 
— 

3 6:55 a.m. 
Bathroom 

#1 
— 

3 7:00 a.m. Main house — 
3 7:01 a.m. Shower #1 Shower #1: 7:01 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 79-01-6 
Contaminant: Trichloroethylene 

Synonym: 
1,1,2-trichloroethylene 
TCE 
Trichloroethene 

Model Input Information — 
Chemical name: Trichloroethylene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 2.2 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 20-minute morning tub bath; 
20-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:22 a.m. 1.2 
2 — Showering in Shower #1 at 5:56 a.m. 1.4 

3 X 
Helping with tub bath in Bathroom #1 at 6:22 a.m. 

Showering in Shower #1 at 6:48 a.m. 
2.1 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. According to EPA guidance, dermal doses for this halogenated compound may be 
underestimated (see the SHOWER model technical document or EPA's RAGS, Part E for further details). 
Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily exposure 
concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 0.45 0.0060 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 
or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 20 81 
Bathroom after shower 5 35 
Main house with additional 
bathroom visits 

995 1.2 

Away from house 420 0 
Average daily exposure 1,440 2.1 
Main house (all day) 1,440 0.39 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 20 55 
Bathroom after shower 5 5.9 
Main house with additional 
bathroom visits 

995 39 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.186 ppb 
Inhalation Parameters — 
Shower f value 0.67 
Bathroom sink f value 0.2229 
Bathtub f value 0.3491 
Toilet f value 0.2226 
Clothes washer f value 0.6686 
Dishwasher f value 0.6689 
Kitchen sink f value 0.2229 
Utility sink f value 0.2229 
Henry's law constant 0.4121 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 131.3889 g/mol 
Dermal permeability coefficient (Kp) 0.0116 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.051 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.57 hr/event 
Time to reach steady state (t*) 1.4 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:22 a.m. 20 5 3 
2 Showering Shower #1 5:56 a.m. 20 5 NA 
3 Showering Shower #1 6:48 a.m. 20 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:22 a.m. Shower #1 Bath tub #1: 6:22 a.m. 
1 6:42 a.m. Bathroom #1 Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 
1 6:47 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 
1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 
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Person Start Time Location Appliance Start Times 

1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 5:56 a.m. Shower #1 Shower #1: 5:56 a.m. 

2 6:16 a.m. 
Bathroom 

#1 
Toilet #1: 6:16 a.m.; Bathroom sink #1: 6:17 a.m. 

2 6:21 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:22 a.m. 
Bathroom 

#1 
— 

3 6:42 a.m. 
Bathroom 

#1 
— 

3 6:47 a.m. Main house — 
3 6:48 a.m. Shower #1 Shower #1: 6:48 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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ATSDR SHOWER Model Report 
Custom 3-Person Household 

Three morning showers 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 156-60-5 
Contaminant: 1,2-dichloroethene, trans- 

Synonym: 

1,2-dichloroethylene, trans- 
trans-1,2-DCE 
trans-1,2-dichloroethene 
trans-1,2-dichloroethylene 

Model Input Information — 
Chemical name: 1,2-dichloroethene, trans- 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 7.1 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 20-minute morning tub bath; 
20-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:22 a.m. 3.2 
2 — Showering in Shower #1 at 5:56 a.m. 3.6 

3 X 
Helping with tub bath in Bathroom #1 at 6:22 a.m. 

Showering in Shower #1 at 6:48 a.m. 
5.5 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily 
exposure concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 1.2 0.016 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 20 208 
Bathroom after shower 5 95 
Main house with additional 
bathroom visits 

995 3.3 

Away from house 420 0 
Average daily exposure 1,440 5.5 
Main house (all day) 1,440 1.1 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 20 53 
Bathroom after shower 5 6.0 
Main house with additional 
bathroom visits 

995 41 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.252 ppb 
Inhalation Parameters — 
Shower f value 0.5093 
Bathroom sink f value 0.2426 
Bathtub f value 0.38 
Toilet f value 0.2423 
Clothes washer f value 0.7277 
Dishwasher f value 0.7281 
Kitchen sink f value 0.2426 
Utility sink f value 0.2426 
Henry's law constant 0.3395 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 96.94 g/mol 
Dermal permeability coefficient (Kp) 0.011 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.042 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.37 hr/event 
Time to reach steady state (t*) 0.88 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:22 a.m. 20 5 3 
2 Showering Shower #1 5:56 a.m. 20 5 NA 
3 Showering Shower #1 6:48 a.m. 20 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:22 a.m. Shower #1 Bath tub #1: 6:22 a.m. 
1 6:42 a.m. Bathroom #1 Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 
1 6:47 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 
1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 
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Person Start Time Location Appliance Start Times 

1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 5:56 a.m. Shower #1 Shower #1: 5:56 a.m. 

2 6:16 a.m. 
Bathroom 

#1 
Toilet #1: 6:16 a.m.; Bathroom sink #1: 6:17 a.m. 

2 6:21 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:22 a.m. 
Bathroom 

#1 
— 

3 6:42 a.m. 
Bathroom 

#1 
— 

3 6:47 a.m. Main house — 
3 6:48 a.m. Shower #1 Shower #1: 6:48 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 127-18-4 
Contaminant: Tetrachloroethylene 

Synonym: 

1,1,2,2-perchloroethylene 
1,1,2,2-tetrachloroethylene 
PCE 
PERC 
Perchloroethylene 
Tetrachloroethene 

Model Input Information — 
Chemical name: Tetrachloroethylene 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 55.1 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 20-minute morning tub bath; 
20-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:22 a.m. 22 
2 — Showering in Shower #1 at 5:56 a.m. 25 

3 X 
Helping with tub bath in Bathroom #1 at 6:22 a.m. 

Showering in Shower #1 at 6:48 a.m. 
38 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. According to EPA guidance, dermal doses for this halogenated compound may be 
underestimated (see the SHOWER model technical document or EPA's RAGS, Part E for further details). 
Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily exposure 
concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 8.3 0.60 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 
or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 20 1,440 
Bathroom after shower 5 653 
Main house with additional 
bathroom visits 

995 23 

Away from house 420 0 
Average daily exposure 1,440 38 
Main house (all day) 1,440 7.8 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 20 53 
Bathroom after shower 5 6.0 
Main house with additional 
bathroom visits 

995 41 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.147 ppb 
Inhalation Parameters — 
Shower f value 0.4366 
Bathroom sink f value 0.2079 
Bathtub f value 0.3257 
Toilet f value 0.2078 
Clothes washer f value 0.6238 
Dishwasher f value 0.624 
Kitchen sink f value 0.2079 
Utility sink f value 0.2079 
Henry's law constant 0.748 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 165.834 g/mol 
Dermal permeability coefficient (Kp) 0.0334 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.17 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.89 hr/event 
Time to reach steady state (t*) 2.1 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 354 of 376



 11 

 

Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:22 a.m. 20 5 3 
2 Showering Shower #1 5:56 a.m. 20 5 NA 
3 Showering Shower #1 6:48 a.m. 20 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:22 a.m. Shower #1 Bath tub #1: 6:22 a.m. 
1 6:42 a.m. Bathroom #1 Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 
1 6:47 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 
1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 
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Person Start Time Location Appliance Start Times 

1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 5:56 a.m. Shower #1 Shower #1: 5:56 a.m. 

2 6:16 a.m. 
Bathroom 

#1 
Toilet #1: 6:16 a.m.; Bathroom sink #1: 6:17 a.m. 

2 6:21 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:22 a.m. 
Bathroom 

#1 
— 

3 6:42 a.m. 
Bathroom 

#1 
— 

3 6:47 a.m. Main house — 
3 6:48 a.m. Shower #1 Shower #1: 6:48 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 

Case 7:23-cv-00897-RJ     Document 490-2     Filed 08/26/25     Page 356 of 376



 13 

Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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Site and Model Input Information 

Information Report Setting 
Site Information — 
Site name: CRISWELL TT 
Address: — 
Application: Version 4.0.1  
CASRN: 75-01-4 
Contaminant: Vinyl chloride 

Synonym: 
Chlorethene 
Chloroethylene 

Model Input Information — 
Chemical name: Vinyl chloride 
Chemical properties: Default 
Exposure routes available: Inhalation and Dermal 
Water concentration: 3.9 µg/L 
Outdoor air concentration: 0 µg/m³ 
Number of persons in household: 3 
Household scenario: Modified custom scenario 
Basis for modified scenario: Three morning showers 
Number of bathrooms in house: 1 
Target person: 3 
Most highly exposed person: 3 

Target person main activity: 
Helping with 20-minute morning tub bath; 
20-minute morning shower 
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Scenario Description 

This report is for a custom 3-person household scenario. It provides information about the scenario 
and the most highly exposed person in the house (person 3). Parameter values in this custom scenario 
that differ from the default parameters for the standard scenario are highlighted in red. 

3–Person Household Results - Tables 

Individual Household Members (Table 1) 

Table 1 shows the average daily exposure concentration for each person in the 3-person household, 
including the most highly exposed person (person 3).  

 

Person 
Target 
Person 

Main Activities 
Average Daily Exposure 

Concentration 

1 — Tub bath in Shower #1 at 6:22 a.m. 2.1 
2 — Showering in Shower #1 at 5:56 a.m. 2.3 

3 X 
Helping with tub bath in Bathroom #1 at 6:22 a.m. 

Showering in Shower #1 at 6:48 a.m. 
3.5 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air 

Inhalation and Dermal Doses (Table 2) 

Table 2 presents the dermal doses from contact with water only for the most highly exposed person in 
this scenario (person 3). This contact occurs from showering or bathing and from hand washing during 
the day. According to EPA guidance, dermal doses for this halogenated compound may be 
underestimated (see the SHOWER model technical document or EPA's RAGS, Part E for further details). 
Table 2 also shows the inhaled dose in µg/kg/day, which is derived from the average daily exposure 
concentration and age-specific breathing rates for the most highly exposed person in Table 1.  

 

Exposure Group Inhalation Dermal 

Adult 0.77 0.0051 
Abbreviations: µg/kg/day = micrograms chemical per kilograms body weight per day; NC = not calculated 

Table 1. Average daily exposure concentration in µg/m³ for each person in the house 

Table 2. Average daily inhalation dose and administered dermal dose in µg/kg/day for the 
target person 
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Peak and Percentage Exposure By Location (Table 3 and 4) 

This SHOWER model scenario consists of three compartments: a shower stall, the bathroom, and the 
main house. The next two tables show the amount of time the target person spends bathing (shower 
or bath) and the amount of time they spend in the bathroom afterwards. It also provides information 
on the amount of time the target person spends in the main house throughout the rest of the day. 
When the target person visits the bathroom during other parts of the day, those bathroom times are 
included in the main house exposure time. Table 3 shows the average exposure concentration that the 
target person experiences in each location, and Table 4 shows the percent of exposure that the target 
person experiences in each location. 

The exposure from bathing (shower or bath) and being in the bathroom afterwards can be much higher 
(but for shorter periods) than the exposure from being in the main house. Knowledge of this brief 
exposure to high levels in the shower and bathroom compartments might be useful when evaluating 
whether harmful effects might be possible from acute exposure to high concentrations. This acute 
exposure to high levels might be particularly important for irritant chemicals, such as formaldehyde, 2-
butanone, and acetone. Some irritants, however, cannot be run using the model because parameters 
are lacking. Health assessors should evaluate this acute exposure duration if the acute EMEG is 
exceeded. More information about evaluating acute exposure can be found in ATSDR's Guidance for 
Evaluating Inhalation and Dermal Exposure Using the SHOWER Model (ATSDR 2024a). Health assessors 
should consult with the Associate Director of Science (ADS) when evaluating brief exposure to high 
levels. 

 

Location 
Exposure Time 

(min) 

Average Exposure 
Concentration 

(µg/m³) 
Shower 20 134 
Bathroom after shower 5 61 
Main house with additional 
bathroom visits 

995 2.1 

Away from house 420 0 
Average daily exposure 1,440 3.5 
Main house (all day) 1,440 0.72 

Abbreviations: µg/m³ = micrograms chemical per cubic meter air; min = minute 

 

Table 3. Exposure time and average exposure concentration by location for the target 
person 

Table 4. Exposure time and percent of total exposure by location for the target person 
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Location 
Exposure Time 

(min) 
Percent Exposure 

(%) 

Shower 20 53 
Bathroom after shower 5 6.0 
Main house with additional 
bathroom visits 

995 41 

Away from house 420 0 
Average daily exposure 1,440 100 
Main house (all day) 1,440 100 

Abbreviations: min = minute; % = percent 
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3–Person Household Results – Figures 

Using a log scale for concentration, Figure 1 shows the calculated chemical air concentrations in the 
three compartments throughout the day predicted using the SHOWER Model. In general, the chemical 
air concentrations in the bathroom and shower compartments increase when a person showers or 
uses other bathroom appliances (e.g. bathroom sink, toilet) and slowly decrease afterwards 
throughout the day. Chemical air concentrations in the main house compartment rise and fall 
depending upon other sources in the house and movement of contaminated air from the bathroom 
compartment through the main house and to the outdoor air. 

Figure 1. Calculated air concentrations in the shower, bathroom, and main house compartments for 
a 3-person household 
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Using a log scale, Figure 2 shows the contaminant air concentrations the target person (person 3) is 
exposed to as they move between compartments throughout the day. The contaminant air 
concentrations shown in Figure 2 are used to calculate the average daily exposure concentration and 
dermal doses for the target person (person 3) shown in Tables 1 and 2. The contaminant air 
concentrations are also used to calculate the doses and statistics for the target person shown in Tables 
2, 3, and 4. 

Figure 2. Calculated exposure air concentrations in different compartments throughout the day for 
the target person selected in this scenario (person 3) 
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Model Parameters 

The following tables and figures present the parameter values that were used to run this household 
scenario. These tables are provided as reference and generally are not reported in your public health 
documents. 

In Table 5, the term f value refers to the percentage of a chemical that will be released from a water 
source (e.g., shower water) to air. Chemical f values are both chemical- and appliance-specific, such 
that the same chemical will have different f values for different appliances. More information about f 
values and their derivation can be found in the SHOWER model technical document (ATSDR 2024b). 

 

Parameter Value 

µg/m³ to ppb conversion factor 1 µg/m³ = 0.391 ppb 
Inhalation Parameters — 
Shower f value 0.569 
Bathroom sink f value 0.2709 
Bathtub f value 0.4245 
Toilet f value 0.2709 
Clothes washer f value 0.8128 
Dishwasher f value 0.8129 
Kitchen sink f value 0.2709 
Utility sink f value 0.2709 
Henry's law constant 1.851 
Dermal Parameters — 
Chemical type Organic 
Molecular weight (MW) 62.5 g/mol 
Dermal permeability coefficient (Kp) 0.00838 cm/hr 
Fraction absorbed through skin (FA) 1 
Fraction absorbed in gastrointestinal tract (ABSGI) 1 
Permeability coefficient ratio (B) 0.025 
�>���P���š�]�u�����‰���Œ�����À���v�š���~�•event) 0.24 hr/event 
Time to reach steady state (t*) 0.56 hr 

Abbreviations: cm/hr = centimeters per hour; g/mol = grams chemical per mole; hr = hours; hr/event = hours per event; 
µg/m³ = micrograms chemical per cubic meter air; ppb = parts chemical per billion parts air 

Table 5. Chemical properties 
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Exposure Group 
Body Weight 

(kg) 

Daily 
Breathing 

Rate 
(L/min) 

Shower and 
Bathroom 
Breathing 

Rate 
(L/min) 

Total Body 
Surface Area 

(cm²) 

Hand 
Surface Area 

(cm²) 

Adult 80.0 10.53 12.34 2.0E+4 980 
Abbreviations: kg = kilograms body weight; L/min = liters air breathed per minute; cm² = square centimeters 

 

Parameter Value 

Exhaust fan when bathrooms are occupied? Off 
Bathroom door when bathrooms are occupied? Closed 
Appliance Locations — 
Shower/bathtub #1 layout Bathtub with shower 
Exhaust fan #1 location Bathroom #1 
Clothes washer location Main house 
Area Volumes — 
Total house volume 204.89 m³ 
Total bathroom #1 volume 9.061 m³ 
Shower #1 volume 2.039 m³ 
Air Exchange Rates — 
Main house/outdoor air exchange rate 0.45 ACH 
Bathroom #1/main house air exchange rate 0.45 ACH 
Shower/bathroom #1 air exchange rate 0.45 ACH 

Abbreviations: ACH = air changes per hour; m³ = cubic meters air 

Table 6. Mean parameters used to calculate inhalation and dermal doses 

Table 7. House information 
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Appliance Parameter Value 

Main House — — 
Kitchen sink Flow rate 3.347 L/min 
Kitchen sink Average duration per use 0.64 min 
Kitchen sink Maximum kitchen sink uses 15 uses/person/day 
Utility sink Maximum volume use per person 8.544 L/person/day 
Dishwasher Volume per cycle 23.1 L/load 
Dishwasher Average cycle duration 145 min 
Clothes washer Volume per cycle 117 L/load 
Clothes washer Average cycle duration 75 min 
Bathroom #1 — — 
Bathroom sink Flow rate 3.347 L/min 
Bathroom sink Average duration per use 0.64 min 
Toilet Volume per flush 8.7 L/flush 
Exhaust fan Flow rate 1,416 L/min 
Shower #1 — — 
Shower Flow rate 7.6 L/min 
Bathtub Volume 76.47 L 

Abbreviations: uses/person/day = appliance uses per person per day; L/min = liters per minute; L = liters water; L/flush = 
liters water per flush; L/load = liters water per load; L/person/day = liters water used per person per day; min = minute 

 

Clothes Washer Dishwasher 

7:00 p.m. 9:00 p.m. 

Table 8. Appliance parameters 

Table 9. Clothes washer and dishwasher use schedule 
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Person Activity Location 
Activity 

Start Time 

Activity 
Duration 

(min) 

Bathroom Stay 
after Activity 

(min) 

Person 
Helping 

with Tub Bath 
1 Tub bath Shower #1 6:22 a.m. 20 5 3 
2 Showering Shower #1 5:56 a.m. 20 5 NA 
3 Showering Shower #1 6:48 a.m. 20 5 NA 

Abbreviations: min = minute; NA = not applicable 

 

Parameter Value 

Time between bathroom stays and next 
shower/tub bath 

1 min 

Bathroom visits separate from shower/tub bath 4 visits per person per day 
Time when all morning showers/tub baths are 
complete 

7:13 a.m. 

Abbreviations: min = minute 

Tables 12a-12c show the activity pattern throughout the day for each person in the household. 
Depending upon the pattern selected, each person starts out in the main house compartment and then 
moves between compartments at various times during the day. 

 

Person Start Time Location Appliance Start Times 

1 12:00 a.m. Main house — 
1 6:22 a.m. Shower #1 Bath tub #1: 6:22 a.m. 
1 6:42 a.m. Bathroom #1 Toilet #1: 6:42 a.m.; Bathroom sink #1: 6:43 a.m. 
1 6:47 a.m. Main house — 
1 9:48 a.m. Bathroom #1 Toilet #1: 9:48 a.m.; Bathroom sink #1: 9:49 a.m. 
1 9:53 a.m. Main house — 
1 2:18 p.m. Bathroom #1 Toilet #1: 2:18 p.m.; Bathroom sink #1: 2:19 p.m. 
1 2:23 p.m. Main house — 
1 6:18 p.m. Bathroom #1 Toilet #1: 6:18 p.m.; Bathroom sink #1: 6:19 p.m. 

Table 10. Timing and duration of showers and bathroom stays 

Table 11. Other activity parameters 

Table 12a. Human activity pattern throughout the day for person 1 in this scenario 
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Person Start Time Location Appliance Start Times 

1 6:23 p.m. Main house — 
1 9:28 p.m. Bathroom #1 Toilet #1: 9:28 p.m.; Bathroom sink #1: 9:29 p.m. 
1 9:43 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

2 12:00 a.m. Main house — 
2 5:56 a.m. Shower #1 Shower #1: 5:56 a.m. 

2 6:16 a.m. 
Bathroom 

#1 
Toilet #1: 6:16 a.m.; Bathroom sink #1: 6:17 a.m. 

2 6:21 a.m. Main house — 
2 9:54 a.m. Bathroom #1 Toilet #1: 9:54 a.m.; Bathroom sink #1: 9:55 a.m. 
2 9:59 a.m. Main house — 
2 2:24 p.m. Bathroom #1 Toilet #1: 2:24 p.m.; Bathroom sink #1: 2:25 p.m. 
2 2:29 p.m. Main house — 
2 6:24 p.m. Bathroom #1 Toilet #1: 6:24 p.m.; Bathroom sink #1: 6:25 p.m. 
2 6:29 p.m. Main house — 
2 9:44 p.m. Bathroom #1 Toilet #1: 9:44 p.m.; Bathroom sink #1: 9:45 p.m. 
2 9:59 p.m. Main house — 

 

Person Start Time Location Appliance Start Times 

3 12:00 a.m. Main house — 

3 6:22 a.m. 
Bathroom 

#1 
— 

3 6:42 a.m. 
Bathroom 

#1 
— 

3 6:47 a.m. Main house — 
3 6:48 a.m. Shower #1 Shower #1: 6:48 a.m. 
3 7:08 a.m. Bathroom #1 Toilet #1: 7:08 a.m.; Bathroom sink #1: 7:09 a.m. 
3 7:13 a.m. Main house — 

Table 12b. Human activity pattern throughout the day for person 2 in this scenario 

Table 12c. Human activity pattern throughout the day for person 3 in this scenario 
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Person Start Time Location Appliance Start Times 

3 9:00 a.m. 
Away from 

house 
— 

3 4:00 p.m. Main house — 
3 6:30 p.m. Bathroom #1 Toilet #1: 6:30 p.m.; Bathroom sink #1: 6:31 p.m. 
3 6:35 p.m. Main house — 
3 10:00 p.m. Bathroom #1 Toilet #1: 10:00 p.m.; Bathroom sink #1: 10:01 p.m. 
3 10:15 p.m. Main house — 

Figure 3 uses color blocks and text symbols to show the compartment location of each person in the 
house throughout the day. The top edge of each block represents the time when the person enters the 
compartment and the bottom edge represents the time when the person exits the compartment. Text 
symbols (e.g., S1, B1, MH) also denote start times in each location. In addition, tables 12a-12c show the 
precise time a person enters a compartment. 

Depending upon the custom scenario, each person starts in the main house and moves through the 
bathroom or shower several times during the day, ending the day in the main house. The target person 
in this scenario is person 3 because they have the highest exposure. 
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Figure 3. Human Activity Patterns. 
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