
 

 

 

 

 

    

 

    

      
 

  

   
 

  
 

 
   
 

June 6, 2016 

Ms. Monet Vela 
Office of Environmental Health Hazard Assessment 
Street Address: 1001 I Street 
Sacramento, California 95814 

Re: 	 Comments on the Proposed Amendment to 27 California Code of Regulations § 
25705(b), Specific Regulatory Levels Posing No Significant Risk: Styrene 

Dear Ms. Vela, 

I.	 Introduction and Summary 

On April 22, 2016, the California Environmental Protection Agency’s Office of 
Environmental Health Hazard Assessment (OEHHA) listed styrene (CAS 100–42–5) as a 
substance known to the state as causing cancer1 under the California Safe Drinking Water 
and Toxic Enforcement Act of 1986 (Proposition 65)2 and proposed to establish 
27 µg/day as a “no-significant-risk level” (NSRL).3 OEHHA cited the identification of 
styrene as a carcinogen in the Report on Carcinogens (Twelfth Edition 2011) by the 
National Toxicology Program (NTP) as triggering the authoritative body listing 
mechanism.4 

The Styrene Information Research Center (SIRC) participated extensively in the 
proceedings leading to styrene’s listing under Proposition 65, and represents a coalition 
of interested companies and industry groups with extensive experience in the appropriate 
use of styrene in industrial and end-use applications. SIRC objected forcefully to the 
decision—including prior proposals—to list styrene.5 Given OEHHA’s addition of 

1 See 17-Z Cal. Regulatory Notice Reg. 687 (Apr. 22, 2016).  
2 Cal. Health & Safety Code §§ 24249.5–.13. 
3 See 17-Z Cal. Regulatory Notice Reg. 663 (Apr. 22, 2016). 
4 See 17-Z Cal. Regulatory Notice Reg. at 687 (styrene listing); Cal Health & Safety Code § 25249.8(b) (“A 
chemical is known to the state to cause cancer … within the meaning of this chapter … if a body 
considered to be authoritative by [the state’s qualified] experts has formally identified it as causing 
cancer.”). 
5 See SIRC, Comments of the Styrene Information Research Center on Notice of Intent to List Styrene 
Under the Authoritative Bodies Listing Mechanism, Health and Safety Code § 25249.8(b) & 27 Cal. Code 
Regs. § 25902 (Mar. 26, 2015), available at 
http://oehha.ca.gov/prop65/CRNR_notices/admin_listing/intent_to_list/pdf_zip/
 
StyreneSIRC2015.pdf. The comments state that, based on newer data that NTP did not consider, the human 

data do not support an association between exposure to styrene and human cancer, and this precludes a 

listing.
 

http://oehha.ca.gov/prop65/CRNR_notices/admin_listing/intent_to_list/pdf_zip
http:24249.5�.13


 

 

 

 

 

 

 

 

   

 

                                                 
   

  

      

  
  

  

styrene to the Proposition 65 list, the purpose of these comments is not to further argue 
the merits of listing but to present an alternative approach that conservatively, but more 
accurately, calculates a protective NSRL considerably higher than the proposed level. 

In contrast to the approach taken by OEHHA, a substantially higher NSRL results if 
mouse lung tumors are assessed in terms of internal dose for the target sub-tissue (AUC 
for styrene oxide in club cells) using a physiologically based pharmacokinetic (PBPK) 
model. This produces NSRL values of 2,100 (inhalation) and 5,600 (oral) µg per day for 
styrene. The differences in the proposed and target sub-tissue approaches highlights the 
importance of characterizing the dose-response relationship at the sub-tissue dose level 
(club cells) rather than using whole tissue or administered dose. We request that OEHHA 
calculate NSRLs based on the internal dose for the target sub-tissue, when that data is 
available to the agency. 

II. Styrene listing triggers an obligation to warn unless a chemical is 
present below levels that would cause cancer 

OEHHA’s recent listing of styrene as a chemical known by the state of California to 
cause human cancer, based on the 2012 NTP listing of styrene as “reasonably anticipated 
to be a human carcinogen,” requires businesses to warn about the presence of styrene6 

unless it is present at levels insignificant to the development of cancer. For carcinogens, 
OEHHA has developed an NSRL calculation method: “the daily intake level calculated to 
result in one excess case of cancer in an exposed population of 100,000, assuming 
lifetime exposure at the level.”7 If a chemical listed as carcinogenic exposes consumers 
below this level, it is presumed to present no significant risk and need not be the subject 
of a warning. 

III. The proposed NSRL 

To determine styrene’s NSRL, OEHHA relied on the data analysis and a cancer potency 
estimate presented in the December 2010 OEHHA Public Health Goal (PHG) for Styrene 
in Drinking Water document.8 There, OEHHA concluded that best human cancer potency 
estimate was 0.026 (mg/kg-day)-1, based on cancer potency estimates derived from a 
female and male mouse study.9 OEHHA further concluded that the cancer dose response 
assessment for styrene presented therein—that assumes linearity at small doses in 
estimating cancer potency from tumor incidence data—is both a reliable scientific basis 
for the NSRL, and is consistent with § 25703 guidance. Similarly, OEHHA concluded 

6 See Cal. Health & Safety Code § 25249.5. 
7 27 Cal. Code Regs. § 25703(b). 
8 See OEHHA, Public Health Goals for Chemicals in Drinking Water: Styrene (2010). 
9 See id. at 230 (Table 60), citing Cruzan, G., Cushman, JR, Andrews, LS, Granville, GC, Johnson, KA, 
Bevan, CJ, Hardy, CJ, Coombs, DW, Mullins, PA & Brown, WR, Chronic toxicity/oncogenicity study of 
styrene in CD-1 mice by inhalation exposure for 104 weeks, J. Appl. Toxicol. 21(3):185–98 (2001) (male 
and female mice inhalation, lung tumors) (hereinafter Cruzan et al. 2001). 
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that the PHG cancer potency estimate is consistent with the evidence and standards that 
serve as the basis for the listing of styrene via the authoritative bodies listing 
mechanism,10 inasmuch as the same study used as the basis of the PHG’s cancer potency 
estimate11 was identified in the 2011 Report on Carcinogens (RoC) as the most robust 
animal inhalation exposure studies of styrene.   

OEHHA uses a linear extrapolation approach in the derivation of NSRLs under the 
Proposition 65 program.12 The method involves using the Multistage model to estimate 
the cancer potency factor (CPF) or cancer slope factor (CSF), also termed the q1*, which 
is the method outlined by U.S. EPA.13 Although default methods are described for NSRL 
calculations, use of alternative approaches is supported. The regulations provide that: 
“Nothing in this article shall preclude a person from using evidence, standards, risk 
assessment methodologies, principles, assumptions or levels not described in this article 
to establish that a level of exposure to a listed chemical poses no significant risk.”14 

IV. A higher NSRL is warranted based on specific tissue-level exposure 

In the six years since OEHHA developed the PHG for styrene and the five years since 
NTP listed styrene in the RoC, both science and the scientific literature on styrene have 
evolved. A number of these studies were referenced in SIRC’s prior comments in 
response to OEHHA’s notice of intention to list.  

SIRC sponsored the attached derivation of an NSRL based on best available science 
using a PBPK model assuming, for purposes of analysis, that styrene is a carcinogen. The 
derivation explains that its assessment is conservative because it does not take into 
account data on mode of action (MOA) for styrene-induced mouse lung tumors.15 As the 
attached report notes: 

Analysis of MOA data indicates that unique metabolism of styrene in mouse lung 
produce metabolites that are cytotoxic to club cells in the terminal bronchioles. 
This metabolism does not take place to any meaningful extent in human lungs. 
These MOA data indicate that mouse lung tumors from styrene exposure are not 
relevant to human risk and no inferences to the contrary should be drawn because 
these NSRLs were derived. 

10 See NTP, Report on Carcinogens (Twelfth Edition) 383–91 (2011) (listing styrene) (hereinafter 2011 NTP
 
RoC), available at http://ntp.niehs.nih.gov/pubhealth/roc/roc13/index.html. 

11 See Cruzan et al. 2001. 

12 See 27 Cal. Code Regs. §§ 25703 & 25705. 

13 EPA, Guidelines for Carcinogen Risk Assessment, 51 Fed. Reg. 33,992–4,003 (Sep. 24, 1986). 

14 27 Cal. Code Regs. § 25701(a).
 
15 SIRC objected forcefully to the decision—including prior proposals—to list styrene, and continues to 

maintain the position presented in its March 26, 2015, comments. The purpose of these comments is not to
 
further argue the relevance of mode of action information, but to present an alternative approach to the 

proposed NSRL.
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Because lung toxicity is a key to styrene-induced mouse lung tumorigenesis, such data 
should be used to guide human health assessments for styrene, including OEHHA’s 
development of an NSRL. Therefore, available dose-response data sets for carcinogenesis 
in rodents were assembled, analyzed, and pooled, consistent with U.S. EPA guidelines for 
benchmark dose methods.16 This yielded no showing of a dose-response relationship for 
lung tumors in rats of either sex, leaving six sets of mouse lung tumor data sets for dose-
response analysis.17 In assessing the dose-response relationship, the derivation used 
styrene oxide in the PBPK model calculations, rather than the hydroxylated-benzene-ring 
derivatives identified in the mode of action.   

PBPK modeling was performed using acslXtreme (AEgis Technologies, Version 3.0.2.1) 
and used model code files.18 After making normalizing adjustments to extrapolate from 
the mouse data to humans, only one data set—the combined male mouse data set from 
lung tumors in male mice combined across oral and inhalation studies19—could serve as a 
basis for extrapolating human equivalent doses of SO concentrations. Importantly, based 
on visual inspection and comparison of Akaike’s information criteria (AIC values), sub-
tissue dose measures (club cell cumulative tissue exposure (AUC) SO) provided a more 
consistent description (that is, dose-response concordance) than the whole tissue measure 
(lung AUC SO) of the dose-response relationship for this data set.  

Thus, based on the best available dose measure (SO in club cell tissue), NSRL values of 
2,100 µg per day (inhalation exposure) and 5,600 µg per day (oral exposure) were 
calculated. The impossibility of calculating human equivalent doses for the other five 
data sets supports the view that the tumor responses observed in mice are not relevant to 
human health, and the corollary conclusion that even these higher Summit Toxicology 
thresholds are both conservative and protective of human health. 

16 See Risk Assessment Forum (EPA), Benchmark Dose Technical Guidance EPA/100/R-12/001 (June 
2012), available at https://www.epa.gov/sites/production/files/2015­
01/documents/benchmark_dose_guidance.pdf. 
17 The data sets are: 

	 lung tumors in male mice from a single inhalation study, Cruzan et al. 2001; 

	 lung tumors in male mice from a single oral study, National Cancer Institute (NCI), Bioassay of 
styrene for possible carcinogenicity (No. 185.) (1979) (hereinafter NCI 1979a);  

	 lung tumors in male mice combined across oral and inhalation studies, Cruzan et al. 2001, NCI 
1979a, NCI, Bioassay of a solution of B-nitrostyrene and styrene for possible carcinogenicity, No. 
170 (1979) (hereinafter NCI 1979b); 

	 lung tumors in female mice from a single inhalation study, Cruzan et al. 2001; 

	 lung tumors in female mice from a single oral study, NCI 1979a; and 

	 lung tumors in male mice combined across oral and inhalation studies, Cruzan et al. 2001, NCI 
1979a, NCI 1979b. 

18 Sarangapani, R., Teeguarden, JG, Cruzan, G., Clewell, HJ, Andersen, ME, Physiologically based 
pharmacokinetic modeling of styrene and styrene oxide respiratory-tract dosimetry in rodents and humans, 
14 Inhal. Toxicol. 789–834 (2002) (note that the model used is a modified version of this published model). 
19 Cruzan et al. 2001; NCI 1979a; NCI 1979b. 
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V. Conclusion 

Once a chemical is listed, OEHHA is authorized to establish an NSRL based on the best 
available data. However, the NSRL proposed by OEHHA is not based on the best 
available PBPK data, which supports an inhalation NSRL of 2,100 µg/day for inhalation 
and 5,600 µg/day for ingestion based on the best available measure of dose/exposure, 
which are the internal dose concentrations of styrene oxide in club cells at the sub-tissue 
dose level. These levels are protective of human health and reflect several conservative 
assumptions.  

Respectfully submitted, 

John O. Snyder 
Executive Director 
Jack_Snyder@styrene.org 

Of Counsel: 

Gene Livingston, Esq. 
Greenberg Traurig 
1201 K Street, Suite 1100 
Sacramento, CA 95814-3938 
Phone: (916) 442-1111 

Peter de la Cruz, Esq. 
Martha Marrapese, Esq. 
Nathan Cardon, Esq. 
Keller and Heckman, LLP 
1001 G Street, N.W., Suite 500W 
Washington, DC 20001 
Phone: (202) 434-4100 

Enclosure: Derivation of an NSRL for Styrene (May 7, 2016) 

5
 

mailto:Jack_Snyder@styrene.org


	 	 	 	

  

 

   
  

   

 

   
  
   

  
     

Derivation of an NSRL	 for	 Styrene
 

May 7, 2016 

Prepared for: 

Styrene Information and Research Center 
910 Seventeenth Street, NW, Fifth Floor 
Washington, DC 20006 

Prepared by: 

Christopher R. Kirman 
Sean M. Hays 
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Disclaimer 

The analyses conducted herein were performed in accordance with California 
Environmental Protection Agency’s (CalEPA) Office of Environmental Health Hazard 
Assessment (OEHHA) guidelines for determining no-significant-risk-levels (NSRL) for 
Proposition 65 listed chemicals set forth under 27 CCR Section 25703 and 25705. 
Consistent with OEHHA guidelines, the NSRL is based on specific scientific findings 
pertinent to the animal tumors of styrene. None of the scientific findings with respect to 
animal tumors may be relevant to human health and no inferences to the contrary should 
be drawn from the derivation of a NSRL for human exposure to styrene. 

ii 
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Executive Summary 

No-Significant-Risk-Level (NRSL) values were derived for styrene based upon the best 
available science. Mouse lung tumors were assessed in terms of internal dose for the 
target sub-tissue (AUC for styrene oxide in club cells) using a physiologically based 
pharmacokinetic (PBPK) model, resulting in proposed NSRL values of 2,100 (inhalation) 
and 5,600 (oral) µg/day for styrene. The proposed NSRL value remains adequately 
protective of human health. The assessment presented here is conservative since it does 
not take into account data on the mode of action (MOA) for styrene-induced mouse lung 
tumors. Analysis of MOA data indicates that unique metabolism of styrene in mouse 
lung produce metabolites that are cytotoxic to club cells in the terminal bronchioles. This 
metabolism does not take place to any meaningful extent in human lungs. These MOA 
data indicate that mouse lung tumors from styrene exposure are not relevant to human 
risk and no inferences to the contrary should be drawn because these NSRLs were 
derived. 

iv 



 

  

   
 

       
       

       
 

         
    

         
     

      
       

      
      

        
        

           
        

         
         

       
     

     
     

 
 

     
     

  
        

       
    

     
      

    
       

       
    

      
       

      
        
 

 
      

 

1. Introduction 

Styrene was recently included in the California Proposition 65 list of chemicals known 
by the state of California to cause human cancer, based on the 2012 National Toxicology 
Program (NTP) listing of styrene as “reasonably anticipated to be a human carcinogen.” 

When a chemical is classified as a carcinogen, quantitative dose-response analyses are 
typically conducted using animal bioassay or human epidemiological data to derive 
estimates of daily intake that would result in exposures that are below acceptable risk-
based levels. Historically, extra lifetime human cancer risk has been estimated using a 
linear extrapolation in the low-dose region of the dose-response curve (USEPA 1986). 
Use of the linear approach assumed that the underlying mode of action for a chemical 
was a non-threshold process and that the probability of response was proportional to 
dose, i.e., a linear relationship between dose and response. It has been recognized in the 
scientific community that many chemicals may exert their effects in animal models by a 
nonlinear mode of action, produce an effect by a mode of action that has a threshold, or 
be a carcinogen in rodents by a mode of action that is not relevant to humans (Alison et 
al., 1994). The most recent USEPA guidance on human health cancer risk assessment 
recommends using data from experimental or epidemiological studies to estimate a dose 
at the bottom end of the observable range, termed a point of departure (POD), which is 
usually defined as the lower bound on dose at a 10% risk (LED10) (USEPA 1999, 2005). 
Then, depending on the weight-of-evidence, either a linear (estimate a slope factor and 
risk-specific doses) or non-linear extrapolation to low doses is derived [resulting in a 
margin of exposure (MOE) analogous to a Reference Dose/Reference Concentration 
(RfD/RfC)]. 

As the lead agency for implementation of the Safe Drinking Water and Toxic 
Enforcement Act of 1986 (Proposition 65), OEHHA has developed a method for 
determining no-significant-risk-levels (NSRLs) for potential human carcinogens, defined 
as “the daily intake level calculated to result in one excess case of cancer in an exposed 
population of 100,000, assuming lifetime exposure at the level…” (OEHHA, 2013). The 
CalEPA had used only a linear extrapolation approach in the derivation of NSRLs under 
the Proposition 65 program and that approach is the method documented in 27 CCR 
25703 and 27 CCR25705 (OEHHA, 2013). The method involves using the Multistage 
model to estimate the cancer potency factor (CPF) or cancer slope factor (CSF), also 
termed the q1*, which is the method outlined in USEPA (1986). Additionally, the CSF 
for naphthalene was derived by OEHHA from both the q1* and from the LED10 using 
USEPA guidelines developed after 1986 (USEPA 1999, 2005) (OEHHA, 2013). 
Although default methods are described for NSRL calculations, use of alternative 
approaches is supportable, “Nothing in this article shall preclude a person from using 
evidence, standards, risk assessment methodologies, principles, assumptions or levels not 
described in this article to establish that a level of exposure to a listed chemical poses no 
significant risk.” 

In this report, the best available science, including use of rodent and human 
physiologically based pharmacokinetic (PBPK) models, and consideration for pooling 
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data sets, was used to determine inhalation and oral NSRLs. However, the analyses 
presented here do not take into account data on the mode of action (MOA) for styrene-
induced mouse lung tumors. Analysis of MOA data indicates that unique metabolism of 
styrene in mouse lung produce metabolites that are cytotoxic to club cells in the terminal 
bronchioles. This metabolism does not take place to any meaningful extent in human 
lungs. These data indicate that mouse lung tumors from styrene exposure are not relevant 
to human risk and no inferences to the contrary should be drawn because these NSRLs 
were derived. 
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2. NSRL Values Based Upon the Best Available Science 

The proposed MOA (see Section 3) was used to guide key decisions in the dose-response 
assessment to derive an NSRL value for styrene using the best available science. Each 
step of the dose-response assessment is summarized below. 

Data Set/Endpoint 
The available dose-response data sets for styrene carcinogenesis in rodents were 
assembled and summarized (Table 2-1). Consideration was given to pooling data sets 
across routes, sex, and species by using the PBPK model to normalize them to the same 
internal dose measure. The pooling of data sets is consistent with approaches described 
in USEPA guidelines for benchmark dose methods (USEPA, 2012). Figure 2-1 
demonstrates that the pooled data (oral and inhalation studies combined) describe a fairly 
consistent dose-response relationship in male mice and in female mice (with slightly 
lower potency), and shows no evidence of a dose-response relationship for lung tumors in 
rats of either sex. Based upon this analysis, six lung tumor data sets were identified for 
dose-response analysis: 

(1) lung tumors in male mice from a single inhalation study (Cruzan et al., 2001); 
(2) lung tumors in male mice from a single oral study (NCI, 1979a); 
(3) lung tumors in male mice combined across oral and inhalation studies (Cruzan et 

al., 2001; NCI, 1979a,b); 
(4) lung tumors in female mice from a single inhalation study (Cruzan et al., 2001); 
(5) lung tumors in female mice from a single oral study (NCI, 1979a); and 
(6) lung tumors in female mice combined across oral and inhalation studies (Cruzan 

et al., 2001; NCI, 1979a,b).  

Male and female mice from the high dose group of the NCI (1979b) study, in which mice 
were co-exposed to nitrostyrene, were excluded from the combined data sets since 
inexplicably an increased incidence of lung tumors was not observed (although an 
increase was observed in the low-dose group). By including the control animals and low-
dose group from this study, it is assumed that nitrostyrene does not contribute to the lung 
tumor response (i.e., lung tumor response is solely attributed to styrene exposure). 
Exclusion of the high-dose data points from this study may be viewed as conservative, 
since their inclusion would only serve to reduce the slope of the dose-response curve. 
Tumor data for other tissue sites and species were not consistently elevated (Table 2-1), 
and therefore were not considered further in this quantitative assessment.  

Dose Measure 
Although the proposed MOA for styrene carcinogenesis in mouse lung involves the 
formation of ring-hydroxylated metabolites (see Section 3), existing PBPK models for 
styrene do not yet include this metabolic pathway. For this reason, the dose-response 
assessment is limited to using measures for styrene oxide as a surrogate. The mouse lung 
tumor data were assessed in terms of three dose measures: 
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(1)	 external concentration (ppm air for inhalation exposures) or dose (mg/kg-day 
for oral exposures); 

(2)	 internal dose for cumulative tissue exposure (AUC) for styrene oxide in the 
target tissue (lung) as a whole as determined by a published PBPK model 
(Sarangapani et al., 2002); and 

(3)	 internal dose for cumulative tissue exposure (AUC) for styrene oxide in the 
target sub-tissue (club cells) as determined by the Sarangapani et al. PBPK 
model, which represents the best available science considering the proposed 
mode of action. The primary advantage of using the Sarangapani et al. model 
over the Csanady et al. model is that the former permits a characterization of 
internal dose in the target sub-tissue.  

All PBPK modeling was performed using acslXtreme (AEgis Technologies; Version 
3.0.2.1). Styrene model structure and parameters were used as is, and were essentially 
unchanged from the files received by Summit Toxicology from the author [note – the 
model code file (Attachment A) indicates this is a “Modified version of published 
Styrene model (Sarangapani et al., 2002)”, however specific modifications are not 
identified]. PBPK simulations for each bioassay were run to reach steady state condtions 
(one week) (Figure 2-2) to account for potential carry-over from one day to the next, 
with the resulting cumulative dose measures divided by seven to determine the daily 
internal dose (i.e., exposure time and exposure frequency were addressed within the 
PBPK simulations). For bioassays that relied upon less than lifetime exposure (e.g., oral 
bioassays used exposures of 78 weeks), the resulting internal dose measures were further 
adjusted (i.e., number of weeks exposed divided by an expected lifetime of 104 weeks). 

Response Measure 
All dose-response modeling was done in terms of extra risk (default). For the pooled data 
set analyses, the data were converted to extra risk prior to dose-response modeling to 
account for differences in background tumor rates in different mouse strains (e.g., 
B6C3F1 vs. CD-1 mice). 

Dose-Response Model 
All dose-response modeling was performed using USEPA’s Benchmark Dose Software 
(BMDS, version 2.6). The best fitting dose-response model for each data set was 
selected based upon (1) visual inspection; (2) Akaike’s information criteria (AIC, lower 
value indicates a better fit); (3) p-value for chi-square goodness-of-fit (higher value 
indicates a better fit); and (4) model uncertainty (based upon the ratio of ED:LED, where 
a smaller value is preferred).  

Point of Departure 
For the lung tumor data sets, the dose corresponding to a 10% increase in extra risk 
(ED10) and its corresponding 95% lower confidence limit (LED10) were considered to 
be appropriate for the point of departure (POD). 

Interspecies Extrapolation 
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LED10 values expressed in terms of external concentration for inhalation exposures were 
converted to a human equivalent dose (HED) values assuming default values for 
inhalation rate (20 m3/day) and body weight (70 kg). LED10 values expressed in terms 
of external dose for oral exposures were converted to a human equivalent dose (HED) 
values using allometric scaling (body weight raised to the ¾ power) assuming default 
values for body weights for mice and humans (0.030 kg and 70 kg, respectively). LED10 
values expressed in terms of internal dose were converted to HED values using the 
human PBPK model for styrene assuming either continuous inhalation or bolus oral 
exposures (Sarangapani et al., 2002). For assessments based upon external 
concentration/dose, the HED values were adjusted for discontinuous exposure time (6/24 
hrs per day, 5/7 days per week).  

Low-Dose Extrapolation 
For this assessment linear extrapolation was assumed without specific consideration of 
the MOA. A cancer slope factor was derived by dividing the benchmark response rate 
(10% or 0.1) by the LED10HED value. 

NSRL Calculation 
NSRL values were calculated from the linear cancer slope factors (SFs) using a body 
weight (BW) of 70 kg and a target risk (TR) of 1x10-5 (i.e., NSRL = TR/SF*BW*1000 
ug/mg). NSRLs, by definition, are based on the linear cancer slope factor and a target 
risk level of 1x10-5. 

The dose-response modeling results are summarized in Tables 2-2 and 2-3, and are 
discussed below for each data set.  NSRL values are presented in Table 2-4. 

•	 Single Inhalation Male Mouse Data Set – The dichotomous Hill model provided 
the best overall fit when assessed in terms of external concentration and internal 
dose (lung AUC SO, club cell AUC SO). Each of the three dose measures 
performed equally well in describing the single data set (Figure 2-3). Human 
equivalent doses could not be calculated for the POD expressed in terms club cell 
AUC, since the male mouse POD is higher than can be achieved in human tissues 
due to metabolic saturation. 

•	 Single Oral Male Mouse Data Set – The log-logistic model provided the best 
overall fit when assessed in terms of external dose and internal dose (lung AUC 
SO, club cell AUC SO). Each of the three dose measures performed equally well 
in describing the single data set (Figure 2-4). Human equivalent doses could not 
be calculated for the POD expressed in terms lung AUC SO, since the male 
mouse POD is higher than can be achieved in human tissues due to metabolic 
saturation. 

•	 Combined Male Mouse Data Set – The dichotomous Hill model provided the best 
overall fit to the data assessed in terms of lung AUC SO, while the quantal-linear 
model provided the best overall fit to the data assessed in terms of club cell AUC 
SO (Table 2-2). Based upon visual inspection (Figure 2-5) and comparison of 
AIC values, the sub-tissue dose measure (club cell AUC SO) provided a more 
consistent description (i.e., dose-response concordance) than the whole tissue 
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dose measure (lung AUC SO) of the dose-response relationship for the combined 
data set. Based upon the best available dose measure (club cell AUC SO), NSRL 
values of 2,100 µg/day and 5,600 µg/day were calculated for inhalation and oral 
exposures, respectively (Table 2-4). 

•	 Single Inhalation Female Mouse Data Set – The probit, gamma, and logistic 
models provided the best overall fits when assessed in terms of external 
concentration, lung AUC SO, and club cell AUC SO, respectively (Table 2-3). 
Each of the three dose measures performed equally well in describing the single 
data set (Figure 2-3). Again, human equivalent doses could not be calculated for 
the POD expressed in terms club cell AUC, since the female mouse POD is 
higher than can be achieved in human tissues due to metabolic saturation. 

•	 Single Oral Female Mouse Data Set – The quantal-linear model provided the best 
overall fit when assessed in terms of all three dose measures. Each of the three 
dose measures performed equally well in describing the single data set (Figure 2-
4). Again, human equivalent doses could not be calculated for the POD expressed 
in terms club cell AUC, since the female mouse POD is higher than can be 
achieved in human tissues due to metabolic saturation. 

•	 Combined Female Mouse Data Set – The log-logistic model provided the best fit 
to the data assessed in terms of whole tissue dose (lung AUC SO), and the 
Weibull model provided the best fit to the data assessed in terms of sub-tissue 
dose (club cell AUC SO). Based upon visual inspection (Figure 2-4) and 
comparison of AIC values, the sub-tissue dose (club cell AUC SO) provided a 
more consistent description than whole tissue dose (lung AUC SO) of the dose-
response relationship for the combined data set. Again, human equivalent doses 
could not be calculated for the POD expressed in terms club cell AUC, since the 
female mouse POD is higher than can be achieved in human tissues due to 
metabolic saturation. 

Based upon the values calculated above, NSRL values of 2,100 µg/day (inhalation) and 
5,600 µg/day (oral) based on pooled lung tumor data for male mice assessed in terms of 
club cell dose, are proposed. These values are supported by a range of NSRL values 
based upon alternative dose measures (Table 2-4). More importantly, the fact that 
human equivalent doses could not be calculated using the sub-tissue dose measure (club 
cell AUC) for several data sets (i.e., POD exceeds human capacity under metabolic 
saturation conditions), suggests that the tumor responses observed in mice at these high 
dose levels may not be relevant to human health due to important quantitative differences 
between species. 
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3.	 Mode of Action 

Mechanistic information from the published literature was reviewed to develop a 
plausible mode of action for styrene carcinogenesis in laboratory rodents. Styrene 
exposure produces lung tumors in mice, but not in rats. Pursuit of explanations for the 
cause for these species differences has led to the following hypothesized mode of action 
of styrene induced lung tumors in mice: 

1)	 Delivery of styrene to the respiratory system, in particular to mouse club cells 
in the bronchiolar-alveolar junctions; 

2)	 Metabolism of styrene by CYP2F2 in mouse club cells of the bronchiolar 
alveolar region forms hydroxylated-benzene-ring derivatives (e.g., 4-
hydroxystyrene); 

3)	 Hydroxylated-benzene-ring derivatives, possibly via further metabolism to 
reactive catechols and quinones, cause cytotoxicity and subsequent 
regenerative hyperplasia; and 

4)	 Regenerative hyperplasia leads to cell crowding and (mostly) benign lung 
tumors. 

This mode of action is informed by the following knowledge and observations of species 
differences in lung tumors associated with styrene and for other compounds similar to 
styrene (Cruzan et al., 2009).  

CYP2E1 metabolizes styrene into 7,8-styrene oxide (SO), which does not play a 
significant role in mouse lung toxicity: 

•	 Mice and rats produce significant quantities of SO following oral and inhalation 
exposures. Inhibiting CYP2E1 metabolism and/or exposing CYP2E1-null mice to 
styrene does not reduce lung toxicity. 

•	 Administration of SO in mice by the oral route did not cause lung tumors (Conti 
et al., 1988), despite PBPK modeling showing the levels of SO in the lung 
following this oral dose would be higher than those produced from inhalation 
exposures to 40 ppm styrene; a dose that caused lung tumors in mice. 

•	 Rats do not develop lung tumors (Figure 2-1) when exposed to styrene at levels 
that produce SO levels equivalent to those observed in mice at levels that produce 
lung tumors in mice. 

•	 Lung toxicity is not observed in CYP2F2 (-/-) mice or in humanized, CYP2F1 
transgenic mice exposed to SO at doses that produce lung toxicity in wildtype 
mice (Cruzan et al., 2012, 2013). 

Mouse CYP2F2 oxidation of styrene to ring-hydroxylated metabolite(s) is important to 
lung toxicity: 

•	 Inhibition of CYP2F2 by 5-phenyl-1-pentyne (5P1P) eliminated both the lung and 
nasal cytotoxicity in CD-1 mice. In the absence of CYP2F2 activity (knockout 
mice), lung toxicity is not observed in mice following exposure to styrene or 
styrene oxide (Cruzan et al., 2012; Shen et al., 2014). 
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•	 Lung toxicity is observed in CYP2F2 -/- knockout mice exposed to 4-
hydroxystyrene (Cruzan et al., 2013) 

•	 Qualitatively similar findings have been found for other chemicals metabolized to 
ring-hydroxylated metabolites by CYP2F2; namely coumarin, naphthalene, 
ethylbenzene and cumene; all of which cause lung and nasal tumors in mice, but 
not rats (Cruzan et al., 2009). 

•	 Exposure of CYP2F2 (-/-) knockout mice failed to alter the expression of a large 
number of genes that were altered in wildtype mice following exposure to styrene 
(Cruzan et al., 2015). 

Human CYP2F1 activity is not associated with lung toxicity: 
•	 Lung toxicity is not observed in in humanized, CYP2F1 transgenic mice exposed 

to styrene or SO at doses that produce lung toxicity in wildtype mice (Cruzan et 
al., 2012, 2013). 

•	 Exposure of humanized, CYP2F1 transgenic mice failed to alter the expression of 
a large number of genes whose expression were altered in wildtype mice 
following exposure to styrene (Cruzan et al., 2015). 

Overall, these data indicate that (1) styrene oxide formation alone does not produce lung 
toxicity; (2) mouse CYP2F2 activity is required for lung toxicity; and (3) human CYP2F1 
activity is not associated with lung toxicity. Because lung toxicity is proposed as a key 
event in the mode of action for styrene-induced mouse lung tumorigenesis, these data 
should be used to help guide key decisions made in human health risk assessments 
conducted for styrene. Significant species differences exist with respect to club cell 
population in the lung (mouse>human) and to CYP2F metabolism (mouse>human). A 
detailed review and discussion of these issues is provided in Cruzan et al. (2009, 2012, 
2013). 
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4. Discussion/Conclusion 

The assessment for styrene presented here is complicated by the lag between the 
proposed mode of action and PBPK model development. Specifically, current 
information on the mode of action for styrene lung carcinogenesis in mouse lung 
implicates the formation of cytotoxic, ring-hydroxylated metabolites of styrene (Cruzan 
et al., 2009, 2012, 2013). However, this key metabolic pathway is not included in the 
published PBPK models for styrene (Sarangapani et al., 2002), and is expected to result 
in both nonlinear toxicokinetics (metabolic saturation at high concentrations) and species 
differences (mouse>>human). The use of internal dose measures for SO as a surrogate in 
this assessment are therefore, less than optimal, but remains the best approach available 
at present. Because CYP2F2 metabolism of styrene to ring-hydroxylated metabolites is 
primarily localized in the club cells, the CYP2E1-mediated club cell dose measure used 
in this assessment may exhibit some degree of proportionality with the internal dose 
measure supported by the mode of action. Once information becomes available to 
quantify the ring-hydroxylation pathway in both rodents and humans, future dose-
response assessments for mouse lung tumors should be based upon a cumulative dose 
measure (AUC or amount metabolized) for ring-hydroxylated metabolites in club cells 
(via CYP2F2 in mice; CYP2F1 in humans). Because specifies differences for this 
enzyme (mouse>>human) are likely even greater than modeled here for CYP2E1 
differences, reliance upon PBPK model predictions for species differences in CYP2E1 is 
expected to be conservative.   

The proposed NSRL values based upon the best available science for styrene are 2,100 
and 5,600 µg/day for inhalation and oral exposures, respectively. The approximate 2-5-
fold difference between these values reflects the fact that inhalation exposures are more 
effective at delivering SO to the target sub-tissue (club cells) than are oral exposures. 
This assessment highlights the importance of characterizing the dose-response level at the 
sub-tissue level (club cell AUC) instead of whole tissue or administered dose. This 
finding is best illustrated by comparing the dose-response data using whole-tissue dose 
(top two panels in Figure 3-4), which exhibits considerable scatter, with that using sub-
tissue dose (bottom two panels in Figure 3-4), which exhibits a very consistent trend 
across studies. However, the proposed NSRL values may be viewed as conservative 
since they assume that the mouse lung tumors associated with styrene exposure are 
relevant to humans. If human response to styrene exposure is more like the rat (Figure 
3-1), then the risk of lung tumors in exposed human populations would be appreciably 
zero, and no NSRL would be needed for this endpoint. In addition, the proposed NSRL 
values do not take into consideration the role of cytotoxicity (Section 4), which may 
result in a nonlinear dose-response relationship for lung tumor formation, and therefore 
support even higher NSRL values. However, to be successful, such a nonlinear 
assessment would need to be supported by additional data and analyses. Based upon 
these considerations, alternative NSRL values of 2,100 µg/day for inhalation exposures 
and 5,600 µg/day for oral exposures are recommended for styrene, and are considered to 
be adequately protective of human health. 
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Table 2-1. Summary of Dose-Response Data Sets for Styrene Carcinogenesis in 
Laboratory Rodents 

Tumors 
Study Species Strain sex Exposure 

Regimen 
Dose 
(mg/kg-d) 
or 
Concen-
tration 
(ppm) 

A
lv

eo
la

r/
br

on
ch

io
la

r
ad

en
om

a/
ca

rc
in

om
a

H
ep

at
oc

el
lu

la
r

ad
en

om
a

M
am

m
ar

y 
gl

an
d

ad
en

om
a

H
em

at
op

oi
et

ic
 tu

m
or

s

T
ot

al
 T

um
or

s 

NCI 
1979a 

Mouse B6C3F1 M oil gavage 5 d/wk, 
78 wks 

0 0/20 1/20 0/20 0/20 9/20 
150 6/44 5/48 0/49 1/49 14/50 
300 9/43 7/49 0/50 1/50 21/50 

F 0 0/20 0/20 0/20 1/20 2/20 
150 1/43 1/44 0/50 4/45 11/50 
300 3/43 5/43 0/50 1/50 10/50 

Rat F344 M 5 d/wk, 78 wks 0 1/39 1/40 0/40 1/40 36/40 
5 d/wk, 103 wks 500 1/49 0/49 0/50 2/50 44/50 
5 d/wk, 78 wks 1000 1/50 0/50 1/50 2/50 50/50 

2000 0/50 0/49 0/50 0/50 4/50 
F 5 d/wk, 78 wks 0 0/39 0/39 5/40 2/40 23/40 

5 d/wk, 103 wks 500 2/45 0/49 3/50 0/50 25/50 
5 d/wk, 78 wks 1000 0/50 1/49 3/50 0/50 17/50 

2000 0/48 0/49 0/50 0/50 3/50 
Beliles et 
al., 1985 

Rat SD M drinking water 2 
yrs 

0 2/63 2/61 1/65 6/65 NR 
7.7 0/22 1/21 0/23 1/23 NR 
14 5/40 4/39 040 1/40 NR 

F 0 0/93 6/96 54/96 5/96 NR 
12 1/28 1/30 20/30 5/30 NR 
21 0/59 0/58 45/60 1/60 NR 

NCI 
1979b 

Mouse B6C3F1 M oil gavage 5d/wk 
for 78 wk (70% 
solution ST; co-
exposure to 30% 
nitrostyrene) 

0 1/20 6/20 NR 2/20 8/20 
204 11/50 6/50 NR 1/50 19/50 
408 2/50 8/50 NR 0/50 12/50 

F 0 0/19 1/20 NR 1/20 2/20 
204 2/49 1/47 NR 5/50 10/50 
408 0/46 0/47 NR 2/48 10/50 

Rat F344 M oil gavage 5d/wk 
for 79 wk (co-
exposure to Nitro 
styrene) 

0 0/19 0/18 NR 0/20 17/20 
350 0/49 1/49 NR 1/50 41/50 
700 0/45 1/46 NR 2/50 42/50 

F 0 0/20 0/20 2/20 3/20 12/20 
175 0/49 1/49 5/50 3/50 34/50 
350 1/47 0/46 7/50 2/50 30/50 

Conti et 
al. 1988 

Rat SD M oil gavage 5 d/wk 
for 52 wks 

0 NR NR 4/40 0/40 9/40 
50 NR NR 3/40 0/40 8/40 

250 NR NR 4/40 2/40 10/40 
F 0 NR NR 24/40 1/40 25/80 

50 NR NR 30/40 3/40 34/40 
250 NR NR 15/40 0/40 19/50 

Cruzan et 
al. 2001 

Mouse CD-1 M inhalation 6 hr/d, 5 
d/wk, 104 wks 

0 17/50 16/50 NR 5/38 38/50 
20 24/50 11/50 NR 4/33 33/50 
40 36/50 9/50 NR 4/39 39/50 
80 30/50 3/50 NR 4/34 34/50 

160 36/50 14/50 NR 3/44 44/40 
F inhalation 6 hr/d, 5 

d/wk, 98 wks 
0 6/50 1/50 1/47 7/27 27/50 

20 16/50 0/50 IA 8/34 34/50 
40 17/50 0/50 IA 7/37 37/50 
80 11/50 1/50 IA 5/28 28/50 

160 27/50 1/50 3/48 6/37 37/50 
Cruzan et 
al. 1998 

Rat CD M inhalation 6 hr/d, 5 
d/wk, 104 wks 

0 0/60 0/60 0/60 7/60 NR 
50 0/60 1/60 IA 6/60 NR 
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200 1/60 0/60 IA 3/60 NR 
500 0/54 1/54 IA 1/54 NR 

1000 0/52 1/52 0/52 5/52 NR 
F 0 0/60 0/60 21/60 2/60 NR 

50 1/60 1/60 14/44 2/60 NR 
200 0/60 1/60 9/43 0/60 NR 
500 0/60 0/60 7/38 0/60 NR 

1000 0/60 2/60 3/59 4/60 NR 
Conti et 
al. 1988 

Rat SD M inhalation 4 hrs/d, 
5 d/wk, 52 wks 

0 NR NR 8/60 3/60 11/60 
25 NR NR 6/30 2/30 6/30 
50 NR NR 3/30 1/30 5/30 

100 NR NR 6/30 3/30 8/30 
200 NR NR 4/30 0/30 3/30 
300 NR NR 5/30 2/30 4/30 

F 0 NR NR 34/60 3/60 17/60 
25 NR NR 24/30 2/30 11/30 
50 NR NR 21/30 2/30 9/30 

100 NR NR 23/30 0/30 15/30 
200 NR NR 24/30 0/30 13/30 
300 NR NR 25/30 1/30 10/30 

NR=not reported 

13
 



 

  

 
 

    
 

      
 

 
 

  
  

  

 
 

 
 

      
      

      
      

      
    

 
 

      
      

      
  

  
 

      
      

      
      

      
    

 
 

      
      

      
  

  
 

      
      

      
      

      
      

      
      

      
  

  
 
 

  
 

      
      

      
      

      
      

      
      

      
  

  
 

      
      

      
      

      
      

      

Table 2-2. Dose-Response Model Fits to Male Mouse Lung Tumor Data Sets 

Data Set Dose Measure 
(units) 

Model AIC p-value ED10 LED10 ED10/ 
LED10 

Single 
Inhalation 
Data Set 
(Cruzan et 
al., 2002) 

External 
Concentration 
(ppm, 
discontinuous 
exposure) 

Gamma 332.30 0.0326 19.2 12.6 1.5 
Dichotomous-Hill 327.40 0.332 18.8 15.3 1.2 
Logistic 333.46 0.0196 26.7 19.3 1.4 
LogLogistic 330.31 0.0759 10.9 6.16 1.8 
Probit 333.55 0.0189 27.3 20.0 1.4 
LogProbit 329.96 0.0996 1.70 1.64E-

09 
1.0E+09 

Weibull 332.30 0.0326 19.2 12.6 1.5 
Multistage 332.30 0.0326 19.2 12.6 1.5 
Quantal-Linear 332.30 0.0326 19.2 12.6 1.5 

Lung AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 330.18 0.0816 24.0 16.5 1.5 
Dichotomous-Hill 327.40 0.331 44.7 36.2 1.2 
Logistic 331.52 0.0461 34.1 25.8 1.3 
LogLogistic 328.68 0.152 15.1 9.30 1.6 
Probit 331.62 0.0441 34.7 26.5 1.3 
LogProbit 330.09 0.0936 7.39 2.32E-

07 
3.2E+07 

Weibull 330.18 0.0816 24.0 16.5 1.5 
Multistage 330.18 0.0816 24.0 16.5 1.5 
Quantal-Linear 330.18 0.0816 24.0 16.5 1.5 

club Cell AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 329.60 0.118 970 296 3.3 
Dichotomous-Hill 327.68 0.288 1612 1306 1.3 
Logistic 327.99 0.197 510 427 1.2 
LogLogistic 329.56 0.121 1002 220 4.6 
Probit 327.98 0.197 505 423 1.2 
LogProbit 329.53 0.122 1066 45.4 23.5 
Weibull 329.66 0.115 880 296 3.0 
Multistage 329.67 0.115 885 295 3.0 
Quantal-Linear 328.46 0.160 383 283 1.4 

Single Oral 
Data Set 
(NCI, 
1979a) 

External Dose 
(mg/kg-day) 

Gamma 81.35 0.915 124 83 1.5 
Dichotomous-Hill NC NC NC NC NC 
Logistic 85.48 0.210 204 158 1.3 
LogLogistic 81.26 0.954 117 75 1.6 
Probit 85.25 0.227 193 148 1.3 
LogProbit 83.17 1.000 96 NC NC 
Weibull 81.35 0.915 124 83 1.5 
Multistage 81.35 0.915 124 83 1.5 
Quantal-Linear 81.35 0.915 124 83 1.5 

Lung AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 81.79 0.725 441 296 1.5 
Dichotomous-Hill NC NC NC NC NC 
Logistic 86.03 0.166 780 585 1.3 
LogLogistic 81.59 0.808 413 263 1.6 
Probit 85.85 0.175 740 549 1.3 
LogProbit 83.17 1.000 263 NC NC 
Weibull 81.79 0.725 441 296 1.5 
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Multistage 81.79 0.725 441 296 1.5 
Quantal-Linear 81.79 0.725 441 296 1.5 

club Cell AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 81.207 0.983 96.0 64.5 1.5 
Dichotomous-Hill NC NC NC NC NC 
Logistic 87.820 0.0484 156 129 1.2 
LogLogistic 81.180 0.996 91.2 58.3 1.6 
Probit 86.830 0.0757 149 121 1.2 
LogProbit 83.172 1.000 87.2 NC NC 
Weibull 81.207 0.983 96.0 64.5 1.9 
Multistage NC NC NC NC NC 
Quantal-Linear 81.207 0.983 96.0 64.5 1.5 

Combined 
Data Set 
(Cruzan et 
al., 2002; 
NCI, 
1979a,b) 

Lung AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 455.48 0 35.6 30.5 1.2 
Dichotomous-Hill 428.28 0 44.1 35.7 1.2 
Logistic 472.57 0 86.3 73.0 1.2 
LogLogistic 448.23 0 28.4 23.4 1.2 
Probit 471.65 0 81.2 68.6 1.2 
LogProbit 432.31 0 2.3E-15 NC NC 
Weibull 455.48 0 35.6 30.5 1.2 
Multistage 455.48 0 35.6 30.5 1.2 
Quantal-Linear 455.48 0 35.6 30.5 1.2 

club Cell AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 398.01 0.0511 492 356 1.4 
Dichotomous-Hill 398.63 0.0410 510 307 1.7 
Logistic 407.34 0.0055 962 850 1.1 
LogLogistic 398.63 0.0410 510 307 1.7 
Probit 405.82 0.0074 897 793 1.1 
LogProbit 399.16 0.0341 514 311 1.7 
Weibull 397.91 0.0526 498 357 1.4 
Multistage 397.09 0.0679 500 367 1.4 
Quantal-Linear 396.40 0.0751 410 352 1.12 

Bolded/Italicized rows indicate best fitting model for each dose measure. NC=not calculated 

15
 



 

  

  
 

    
 

       
 

  
 

 
 

  
  

  

 
 

 
 

      
      

      
      

      
      

      
      

      
  

  
 

      
      

      
      

      
      

      
      

      
  

  
 

      
      

      
      

      
      

      
      

      
  

  
 
 

  
 

      
      

      
      

      
      

      
      

      
  

  
 

      
      

      
      

      
      

      
      

      

Table 2-3. Dose-Response Model Fits to Female Mouse Lung Tumor Data Sets 

Data Set Dose Measure 
(units) 

Model AIC p-value 
ED10 

LED10 ED10/ 
LED10 

Single 
Inhalation 
Data Set 
(Cruzan et 
al. 2002) 

External 
Concentration 
(ppm, 
discontinous 
exposure) 

Gamma 298.57 0.0272 34.3 22.7 1.5 
Dichotomous-Hill 298.63 0.0269 28.5 15.1 1.9 
Logistic 298.50 0.0279 49.3 38.3 1.3 
LogLogistic 298.63 0.0269 28.5 16.9 1.7 
Probit 298.50 0.0279 47.6 36.7 1.3 
LogProbit 299.51 0.0190 6.57 1.19E-08 5.5E+08 
Weibull 298.57 0.0272 34.3 22.7 1.5 
Multistage 300.09 0.0128 56.3 23.5 2.4 
Quantal-Linear 298.57 0.0272 34.3 22.7 1.5 

Lung AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 297.17 0.0521 40.9 28.3 1.4 
Dichotomous-Hill 297.19 0.0531 34.1 16.3 2.1 
Logistic 297.43 0.0447 61.9 49.6 1.3 
LogLogistic 297.19 0.0531 34.1 21.9 1.6 
Probit 297.38 0.0456 59.4 47.3 1.3 
LogProbit 299.07 0.0235 21.4 0.0034 6300 
Weibull 297.17 0.0521 40.9 28.3 1.4 
Multistage 298.96 0.0223 51.0 28.6 1.8 
Quantal-Linear 297.17 0.0521 40.9 28.3 1.4 

club Cell AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 299.74 0.0169 1238 524 2.4 
Dichotomous-Hill 299.78 0.0165 1256 319 3.9 
Logistic 297.61 0.0452 983 841 1.2 
LogLogistic 299.78 0.0165 1256 453 2.8 
Probit 297.70 0.0432 936 796 1.2 
LogProbit 299.90 0.0156 1257 0.0334 38000 
Weibull 299.61 0.0180 1268 528 2.4 
Multistage 299.34 0.0206 1158 537 2.2 
Quantal-Linear 298.41 0.0303 689 506 1.4 

Single Oral 
Data Set 
(NCI, 
1979a) 

External Dose 
(mg/kg-day) 

Gamma 35.26 1.000 381 241 1.6 
Dichotomous-Hill NC NC NC NC NC 
Logistic 35.50 0.705 344 264 1.3 
LogLogistic 35.26 1.000 380 240 1.6 
Probit 35.45 0.734 348 258 1.3 
LogProbit 35.26 1.000 391 238 1.6 
Weibull 35.26 1.000 378 241 1.6 
Multistage 35.26 1.000 373 243 1.5 
Quantal-Linear 33.41 0.932 496 240 2.1 

Lung AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 35.26 1.000 271 185 1.5 
Dichotomous-Hill NC NC NC NC NC 
Logistic 35.43 0.748 250 197 1.3 
LogLogistic 35.26 1.000 270 185 1.5 
Probit 35.38 0.784 253 194 1.3 
LogProbit 35.26 1.000 276 183 1.5 
Weibull 35.26 1.000 269 185 1.5 
Multistage 35.26 1.000 269 186 1.4 
Quantal-Linear 33.51 0.891 383 185 2.1 
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club Cell AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 35.26 1.000 1543 861 1.8 
Dichotomous-Hill NC NC NC NC NC 
Logistic 35.95 0.651 1338 995 1.3 
LogLogistic 35.26 1.000 1548 857 1.8 
Probit 35.55 0.671 1358 969 1.4 
LogProbit 35.26 1.000 1603 845 1.9 
Weibull 35.26 1.000 1537 861 1.8 
Multistage 35.26 1.000 1497 862 1.7 
Quantal-Linear 33.30 0.98 1768 858 2.1 

Combined 
Data Set 
(Cruzan et 
al., 2002; 
NCI, 
1979a,b) 

Lung AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 334.93 0 92.8 61.4 1.5 
Dichotomous-Hill 319.39 0 14.2 NC NC 
Logistic 337.91 0 153 120 1.3 
LogLogistic 333.86 0 75.1 52.4 1.4 
Probit 337.69 0 148 114 1.3 
LogProbit 315.39 0 NC NC NC 
Weibull 334.93 0 92.8 61.4 1.5 
Multistage 334.93 0 92.8 61.4 1.5 
Quantal-Linear 334.93 0 92.8 61.4 1.5 

club Cell AUC 
Styrene Oxide 
(nmol/mL*min) 

Gamma 280.60 0.0477 1219 969 1.3 
Dichotomous-Hill 280.63 0.0472 1229 973 1.3 
Logistic 282.61 0.0284 1485 1328 1.1 
LogLogistic 280.63 0.0472 1229 973 1.3 
Probit 281.57 0.0396 1413 1255 1.1 
LogProbit 281.18 0.0372 1179 945 1.3 
Weibull 280.34 0.0529 1244 982 1.3 
Multistage 282.05 0.0318 1290 989 1.3 
Quantal-Linear 285.85 0.0050 827 673 1.2 

Bolded/Italicized rows indicate best fitting model for each dose measure. NC=not calculated 
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Table 2-4. NSRL Values Calculated for Styrene Based on Mouse Lung Tumors 

Point of Departure (POD = LED10) 
Cancer Slope Factor 
(SF, per mg/kg-d)b NSRLc (µg/day) 

Data Set 
(sex) Dose Measure (units) 

POD Value Adjusted 
for Discontinuous 

Exposure (expressed in 
terms of dose measure 

units) 

Human Equivalent 
Dose via Inhalation 
Exposurea (mg/kg-

day) 

Human Equivalent 
Dose via Oral 

Exposurea (mg/kg-
day) 

Inhalation Oral Inhalation Oral 
Single 
Inhalation 
(male) 

External Concentration (ppm, 
continuous) 

2.7 3.3 3.3 0.030 0.030 23 23 

Lung AUC Styrene Oxide 
(nmol/mL*min) 

36.2 27.2 110.2 0.0037 0.00091 190 770 

club Cell AUC Styrene Oxide 
(nmol/mL*min) 

1306 Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic 
capacity at saturation) 

Single 
Oral 
(male) 

External Dose (mg/kg-day, adjusted) 40.2 5.8 5.8 0.017 0.017 40 40 
Lung AUC Styrene Oxide 
(nmol/mL*min) 

263 Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic 
capacity at saturation) 

club Cell AUC Styrene Oxide 
(nmol/mL*min) 

58.3 66.3 179 0.0015 0.00056 464 1260 

Combined 
(male) 

Lung AUC Styrene Oxide 
(nmol/mL*min) 

35.7 26.7 107.8 0.0038 0.00093 190 750 

club Cell AUC Styrene Oxide 
(nmol/mL*min) 

352 303 793 0.00033 0.00013 2100 5600 

Single 
Inhalation 
(female) 

External Concentration (ppm, 
continuous) 

6.6 8.0 8.0 0.013 0.013 56 56 

Lung AUC Styrene Oxide 
(nmol/mL*min) 

28.3 18.6 74.3 0.0054 0.0013 130 520 

club Cell AUC Styrene Oxide 
(nmol/mL*min) 

841 Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic 
capacity at saturation) 

Single 
Oral 
(female) 

External Dose (mg/kg-day) 129 18.5 18.5 0.0054 0.0054 130 130 
Lung AUC Styrene Oxide 
(nmol/mL*min) 

185 401 2121 0.00025 0.000047 2800 14800 

club Cell AUC Styrene Oxide 
(nmol/mL*min) 

858 Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic 
capacity at saturation) 

Combined Lung AUC Styrene Oxide 52.4 48.5 202 0.0021 0.00050 340 1400 
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(female) (nmol/mL*min) 
club Cell AUC Styrene Oxide 
(nmol/mL*min) 

982 Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic 
capacity at saturation) 

Bolded/Italicized row indicates the recommended NSRL calculations 
aHuman equivalent doses were determined using the human PBPK model (Sarangapani et al., 2002) under approximate steady state conditions. For inhalation 
exposures, the PBPK model was used to calculate the air concentration (ppm) for continuous exposures that results in an internal dose corresponding to the POD. 
The air concentration was converted to a dose assuming default values for breathing rate (20 m3/day) and body weight (70 kg). For oral exposures, the PBPK 
model was used to calculate the bolus oral dose that results in an internal dose corresponding to the POD. For oral external dose calculations, the administered 
dose was converted to a human equivalent dose using allometric scaling (body weight raised to the ¾ power; default body weights of 0.03 and 70 kg were 
assumed for mice and humans, respectively).
bCancer slope factor = 0.1/Human Equivalent Dose for the POD 
cNSRL = TR/ SF*BW*1000 ug/mg; TR=1E-05, BW=70 kg 
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Figure 2-1. Dose-Response Data for Lung Tumors in Mice and Rats Exposed to Styrene 
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Figure 2-2. Example PBPK Simulations to Estimate Internal Dose for Styrene Cancer Bioassays (Male Mouse, Cruzan et al., 2002) 
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Figure 2-3. Dose-Response Modeling for Mouse Lung Tumors Using a Single Inhalation Data Set (Cruzan et al., 2002) 
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Figure 2-4. Dose-Response Modeling for Mouse Lung Tumors Using a Single Oral Data Set (NCI, 1979a) 
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Figure 2-5. Dose-Response Modeling for Mouse Lung Tumors Using Pooled Data Sets 
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Attachment A.  PBPK Model Code 

PROGRAM: RS_Styrn.CSL -- Styrene PBPK model to track R and S styrene oxide 
! 
! Modified version of published Styrene model (Sarangapani et al., 2002) 
! ENVIRON Health Sciences Institute, Ruston, LA 
! August 2003 
! 
! Moved to acslXtreme in 2005 

INITIAL ! Parameter values are the defaults for rat 

INTEGER I, N, NumDoses, MaxRuns 

! Air Flows (fraction of minute ventilation) 
CONSTANT MVC = 1.909 ! Minute ventilation (mL/min) 
CONSTANT FracAirDR = 0.15 ! Dorsal respiratory 
CONSTANT FracAirDO = 0.15 ! Dorsal olfactory 
CONSTANT FracAirVR = 0.85 ! Ventral respiratory 

! Blood Flows (fraction of cardiac output) 
CONSTANT QCC = 1.756 ! Cardiac output (mL/min) 
CONSTANT QFatC = 0.07 ! Fat 
CONSTANT QLivC = 0.183 ! Liver 
CONSTANT QRichC = 0.4 ! Richly perfused tissue 
CONSTANT QDorRespC = 0.0002 ! Nasal dorsal respiratory 
CONSTANT QDorOlfC = 0.005 ! Nasal dorsal olfactory 
CONSTANT QVenRespC = 0.0048 ! Nasal ventral respiratory 
CONSTANT QConAirC = 0.021 ! Conducting airway 
CONSTANT QTranAirC = 0.0015 ! Transitional airway 

! Tissue Volumes (fraction of body weight) 
CONSTANT BW = 250.0 ! Body weight (gm) 
CONSTANT VBldC = 0.075 ! Blood 
CONSTANT VFatC = 0.065 ! Fat 
CONSTANT VLivC = 0.037 ! Liver 
CONSTANT VPoorC = 0.6 ! Poorly perfused tissue 

! Lumen Volumes (mL) 
CONSTANT VDorRespLum = 0.004 ! Dorsal respiratory 
CONSTANT VDorOlfLum = 0.066 ! Dorsal olfactory 
CONSTANT VVenRespLum = 0.18 ! Ventral respiratory 
CONSTANT VConAirLum = 1.13 ! Conducting airway 
CONSTANT VTranAirLum = 0.028 ! Transitional airway 

! Fraction of Cell Volume Filled by ER 
CONSTANT Factor = 0.1 

! Surface Areas (cm2) 
CONSTANT SADorResp = 0.2 ! Dorsal respiratory 
CONSTANT SADorOlf = 6.75 ! Dorsal olfactory 
CONSTANT SAVenResp = 6.3 ! Ventral respiratory 
CONSTANT SAConAir = 48.3 ! Conducting airway 
CONSTANT SATranAir = 5.5 ! Transitional airway 
CONSTANT SAPul = 3400.0 ! Pulmonary 

25
 



 

  

   
                     
                  
                    
                   
                   
                   
                   
 

     
                   
                    
                   
                    
                   
 

  
                       
                        
                      
 

   
                   
                       
 

   
                      
                      
                       
                        
                       
                      
 

    
                    
                       
           
                        
                        
                      
 

     
                 
                   
                 
                    
                   
 

     
                     
                       
                       
                        
                        
                    
 

! Tissue Thicknesses (cm) 
CONSTANT WMucus = 0.001 ! Mucus 
CONSTANT WTDorResp = 0.005 ! Dorsal respiratory 
CONSTANT WTDorOlf = 0.005 ! Dorsal olfactory 
CONSTANT WTVenResp = 0.005 ! Ventral respiratory 
CONSTANT WTConAir = 0.0013 ! Conducting airway 
CONSTANT WTTranAir = 0.001 ! Transitional airway 
CONSTANT WTPul = 0.000038 ! Pulmonary 

! Blood Exchange Region Thicknesses (cm) 
CONSTANT WXDorResp = 0.002 ! Dorsal respiratory 
CONSTANT WXDorOlf = 0.002 ! Dorsal olfactory 
CONSTANT WXVenResp = 0.002 ! Ventral respiratory 
CONSTANT WXConAir = 0.005 ! Conducting airway 
CONSTANT WXTranAir = 0.002 ! Transitional airway 

! Molecular Weights (g) 
CONSTANT MWSt = 104.0 ! Styrene 
CONSTANT MWSO = 120.0 ! Styrene oxide 
CONSTANT MWGSH = 307.3 ! GSH 

! Diffusivity Constants (cm2/min) 
CONSTANT DiffTiss = 0.0002 ! Tissue-phase diffusivity 
CONSTANT DiffAir = 6.0 ! Air-phase diffusivity 

! Styrene Partition Coefficients 
CONSTANT PBldSt = 40.0 ! Blood:air 
CONSTANT PFatSt = 87.0 ! Fat:blood 
CONSTANT PLivSt = 2.0 ! Liver:blood 
CONSTANT PPoorSt = 1.3 ! Poorly perfused tissue:blood 
CONSTANT PRichSt = 3.1 ! Richly perfused tissue:blood 
CONSTANT PTissSt = 1.3 ! Tissue:blood 

! Styrene Oxide Partition Coefficients 
CONSTANT PBldSO = 2000.0 ! Blood:air 
CONSTANT PFatSO = 6.1 ! Fat:blood 
CONSTANT PLivSO = 2.6         ! Liver:blood 
CONSTANT PPoorSO = 1.5 ! Poorly perfused tissue:blood 
CONSTANT PRichSO = 2.6 ! Richly perfused tissue:blood 
CONSTANT PTissSO = 1.5 ! Tissue:blood 

! Gas Phase Mass Transfer Coefficients (cm/min) 
CONSTANT kGDorResp = 19980.0 ! Dorsal respiratory 
CONSTANT kGDorOlf = 8040.0 ! Dorsal olfactory 
CONSTANT kGVenResp = 34680.0 ! Ventral respiratory 
CONSTANT kGConAir = 228.0 ! Conducting airway 
CONSTANT kGTranAir = 481.0 ! Transitional airway 

! Maximum Metabolic Rates for P450 (nmoles/min/mL) 
CONSTANT VMaxLiv = 93.0 ! Liver 
CONSTANT VMaxRResp = 8.78 ! Respiratory tissue for R-styrene oxide 
CONSTANT VMaxSResp = 3.29 ! Respiratory tissue for S-styrene oxide 
CONSTANT VMaxROlf = 26.1 ! Olfactory tissue for R-styrene oxide 
CONSTANT VMaxSOlf = 8.79 ! Olfactory tissue for S-styrene oxide 
CONSTANT VMaxTiss = 46.4 ! club 
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! Maximum Metabolic Rates for EH (nmoles/min/mL) 
CONSTANT VMaxEHLiv = 1200.0 ! Liver 
CONSTANT VMaxREHResp = 7.6 ! Respiratory tissue for R-styrene oxide 
CONSTANT VMaxSEHResp = 14.8 ! Respiratory tissue for S-styrene oxide 
CONSTANT VMaxREHOlf = 78.8 ! Olfactory tissue for R-styrene oxide 
CONSTANT VMaxSEHOlf = 56.0 ! Olfactory tissue for S-styrene oxide 
CONSTANT VMaxEHTiss = 82.5 ! club 

! Maximum Metabolic Rates for GST (nmoles/min/mL) 
CONSTANT VMaxGSHLiv = 6200.0 ! Liver 
CONSTANT VMaxRGSHResp = 241.0 ! Respiratory tissue for R-styrene oxide 
CONSTANT VMaxSGSHResp = 227.0 ! Respiratory tissue for S-styrene oxide 
CONSTANT VMaxRGSHOlf = 1093.0 ! Olfactory tissue for R-styrene oxide 
CONSTANT VMaxSGSHOlf = 704.0 ! Olfactory tissue for S-styrene oxide 
CONSTANT VMaxGSHTiss = 1000.0 ! club 

! Systemic Availability of Styrene Oxide 
CONSTANT Frac = 0.45 ! Fraction available 

! Affinity Constants for P450 (nmoles/mL) 
CONSTANT KMSt = 10.0 ! To styrene oxide 
CONSTANT KMRSt = 10.0 ! To R-styrene oxide 
CONSTANT KMSSt = 10.0 ! To S-styrene oxide 

! Affinity Constants for EH (nmoles/mL) 
CONSTANT KMEH = 50.0 ! For styrene oxide 
CONSTANT KMREHResp = 20.0 ! In respiratory tissue for R-SO 
CONSTANT KMREHOlf = 40.0 ! In olfactory tissue for R-SO 
CONSTANT KMSEHResp = 70.0 ! In respiratory tissue for S-SO 
CONSTANT KMSEHOlf = 40.0 ! In olfactory tissue for S-SO 

! Affinity Constants for GST Ping-Pong Effect -- Toward GSH (nmoles/mL) 
CONSTANT KMGSH = 100.0 ! Styrene oxide 
CONSTANT KMRGSH = 100.0 ! R-styrene oxide 
CONSTANT KMSGSH = 100.0 ! S-styrene oxide 

! Affinity Constants for GST Ping-Pong Effect -- Toward Styrene Oxide(nmoles/mL) 
CONSTANT KMSO = 2500.0 ! Styrene oxide 
CONSTANT KMRSOResp = 60.0 ! In respiratory tissue (R-SO) 
CONSTANT KMRSOOlf = 60.0 ! In olfactory tissue (R-SO) 
CONSTANT KMSSOResp = 70.0 ! In respiratory tissue (S-SO) 
CONSTANT KMSSOOlf = 70.0 ! In olfactory tissue (S-SO) 

! Miscellaneous Rates 
CONSTANT kGSHProd = 0.012 ! First order production rate for GSH (/min) 
CONSTANT kGSHElim = 0.012 ! First order basal elimination rate for GSH 
CONSTANT kIP = 0.011 ! 1st order absorption rate for IP 
CONSTANT kOral = 0.015 ! 1st order absorption rate for oral dosing 
CONSTANT kFeces = 0.0005 ! 1st order elim. rate for IP/Oral/Gavage 

! Initial GSH Tissue Concentrations (nmoles/mL) 
CONSTANT CGSHLiv0 = 6120.0 ! Resting liver 
CONSTANT CGSHRich0 = 2000.0 ! Resting richly perfused tissue 
CONSTANT CGSHDorResp0 = 1580.0 ! Resting dorsal respiratory 
CONSTANT CGSHDorOlf0 = 1580.0 ! Resting dorsal olfactory 
CONSTANT CGSHVenResp0 = 1580.0 ! Resting ventral respiratory 
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CONSTANT CGSHConAir0 = 1580.0 ! Resting conducting airway
 
CONSTANT CGSHTranAir0 = 1580.0 ! Resting club cell
 
CONSTANT CGSHPul0 = 1580.0 ! Resting pulmonary
 

! Dosing Parameters 
CONSTANT CInhPPM = 0.0 ! Inhaled Styrene concentration (ppm) 
CONSTANT IVDose = 0.0 ! IV dose (nmoles) 
CONSTANT IPDose = 0.0 ! IP dose (nmoles) 
CONSTANT OralDose = 0.0 ! Oral gavage dose (mg/kg/day) 
CONSTANT NumDoses = 3 ! Number of oral gavage doses per day 
CONSTANT DrinkConc = 0.0 ! Drinking water concentration (ppm) 
CONSTANT DrinkRate = 1.4 ! Drinking water rate in humans (1.4 mL/min) 
CONSTANT CCOn = 0.0 ! For closed chamber 
CONSTANT CCOff = 1.0 ! For closed chamber 
CONSTANT VCha = 6400.0 ! Closed chamber volume (mL) 
CONSTANT N = 0 ! Number of animals per chamber 
CONSTANT DaysWk = 1.0 ! Number of exposure days per week 
CONSTANT TMax = 1440.0 ! Maximum time for exposures 
CONSTANT TChng = 360.0 ! Length of exposure (min) 
CONSTANT DoseIncre = 360.0 ! Increment for doses for dose response 

! Simulation Control Parameters 
CONSTANT MaxRuns = 1 ! Max. number of iterations for dose response 
CONSTANT SS = 0.0 
CONSTANT TStop = 500.0 ! Total time to run simulation (min) 
CINTERVAL CINT = 0.1 ! Communication interval 

VARIABLE Time = 0.0 ! Rename the independent variable
 
ALGORITHM IALG = 2 ! Integration method
 

! Scaled Ventilation Rates (mL/min) 
MV = MVC * (BW**0.75) 

QAlv = 0.67 * MV 
QPDorResp = FracAirDR * MV ! Dorsal respiratory 
QPDorOlf = FracAirDO * MV ! Dorsal olfactory 

QPVenResp = FracAirVR * MV ! Ventral repsiratory 

! Scaled Blood Flows (mL/min) 
QC = QCC * (BW**0.75) 

QPoorC = 1.0 - (QFatC + QLivC + QRichC + QDorRespC + QDorOlfC & 
+ QVenRespC + QConAirC + QTranAirC)
 

QFat = QFatC * QC ! Fat
 
QLiv = QLivC * QC ! Liver
 

QPoor = QPoorC * QC ! Poorly perfused tissue
 
QRich = QRichC * QC ! Richly perfused tissue
 

QDorResp = QDorRespC * QC ! Nasal dorsal respiratory
 
QDorOlf = QDorOlfC * QC ! Nasal dorsal olfactory
 

QVenResp = QVenRespC * QC ! Nasal ventral respiratory
 
QConAir = QConAirC * QC ! Conducting airway
 

QTranAir = QTranAirC * QC ! Transitional airway
 

! Nasal Tissue Volumes (mL) 
VDorResp = SADorResp * WTDorResp ! Dorsal respiratory 
VDorOlf = SADorOlf * WTDorOlf ! Dorsal olfactory 
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VVenResp = SAVenResp * WTVenResp ! Ventral respiratory
 
VConAir = SAConAir * WTConAir ! Conducting airway
 

VTranAir = SATranAir * WTTranAir ! club cell
 
VPul = SAPul * WTPul ! Pulmonary
 

! Nasal Tissue Blood Exchange Volumes (mL) 
VXDorResp = SADorResp * WXDorResp ! Dorsal respiratory 
VXDorOlf = SADorOlf * WXDorOlf ! Dorsal olfactory 

VXVenResp = SAVenResp * WXVenResp ! Ventral respiratory 
VXConAir = SAConAir * WXConAir ! Conducting airway 

VXTranAir = SATranAir * WXTranAir ! club cell 

! Scaled Tissue Volumes (mL) 
VLung = VDorResp + VDorOlf + VVenResp + VConAir + VTranAir + VPul & 

+ VXDorResp + VXDorOlf + VXVenResp + VXConAir + VXTranAir
 
VLungC = VLung / BW
 
VRichC = 0.9 - (VBldC + VFatC + VLivC + VPoorC + VLungC)
 

VBld = VBldC * BW ! Blood
 
VFat = VFatC * BW ! Fat
 
VLiv = VLivC * BW ! Liver
 

VPoor = VPoorC * BW ! Poorly perfused tissue
 
VRich = VRichC * BW ! Richly perfused tissue
 

! Liquid Phase Mass Transfer Coefficients (cm/min) 
kLDorResp = (PBldSt*DiffTiss) / (WMucus/2.0) ! Dorsal respiratory 
kLDorOlf = (PBldSt*DiffTiss) / (WMucus/2.0) ! Dorsal olfactory 

kLVenResp = (PBldSt*DiffTiss) / (WMucus/2.0) ! Ventral respiratory 
kLConAir = (PBldSt*DiffTiss) / (WMucus/2.0) ! Conducting airway 

kLTranAir = (PBldSt*DiffTiss) / (WMucus/2.0) ! Transiitonal airway 

! Tissue Mass Transfer Coefficients (cm3/min) 
kTDorResp = (DiffTiss*SADorResp) / ((WTDorResp/2.0) + (WXDorResp/2.0)) 
kTDorOlf = (DiffTiss*SADorOlf) / ((WTDorOlf/2.0) + (WXDorOlf/2.0)) 

kTVenResp = (DiffTiss*SAVenResp) / ((WTVenResp/2.0) + (WXVenResp/2.0)) 
kTConAir = (DiffTiss*SAConAir) / ((WTConAir/2.0) + (WXConAir/2.0)) 

kTTranAir = (DiffTiss*SATranAir) / ((WTTranAir/2.0) + (WXTranAir/2.0)) 

! Tissue:Air Partition Coefficients 
PTissAirSt = PTissSt * PBldSt ! Styrene 
PTissAirSO = PTissSO * PBldSO ! Styrene oxide 

! Composite Mass Transfer Coefficients (cm3/min) 
MTDorResp = (SADorResp * kGDorResp * kLDorResp) / (kGDorResp + kLDorResp) 
MTDorOlf = (SADorOlf * kGDorOlf * kLDorOlf) / (kGDorOlf + kLDorOlf) 

MTVenResp = (SAVenResp * kGVenResp * kLVenResp) / (kGVenResp + kLVenResp) 
MTConAir = (SAConAir * kGConAir * kLConAir) / (kGConAir + kLConAir) 

MTTranAir = (SATranAir * kGTranAir * kLTranAir) / (kGTranAir + kLTranAir) 

! Initial GSH Tissue Amounts (nmoles) 
AGSHLiv0 = CGSHLiv0 * VLiv ! Liver 

AGSHRich0 = CGSHRich0 * VRich ! Richly perfused tissue 
AGSHDorResp0 = CGSHDorResp0 * VDorResp ! Dorsal respiratory 
AGSHDorOlf0 = CGSHDorOlf0 * VDorOlf ! Dorsal olfactory 

AGSHVenResp0 = CGSHVenResp0 * VVenResp ! Ventral respiratory 
AGSHConAir0 = CGSHConAir0 * VConAir ! Conducting airway 

AGSHTranAir0 = CGSHTranAir0 * VTranAir ! Transitional airway 
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AGSHPul0 = CGSHPul0 * VPul ! Pulmonary 

! Dosing Parameters (nmoles or nmoles/min) 
AChInit = VCha * (CInhPPM * (4.0e-2)) 
OralGav = (OralDose * (BW/1000.0)) * (1000000.0 / MWSt) 
kDrink = (DrinkConc * (1000.0 / MWSt)) * DrinkRate 

! Initialize Starting Values 
I = 1 

Dose = 0.0 
FracRDorResp = 0.5 
FracRDorOlf = 0.5 

FracRVenResp = 0.5 
DRPerExt = 0.0 

DRCVenBldSt = 0.0 
DRCArtBldSt = 0.0 

DRCLivSt = 0.0 
DRCLungSt = 0.0 

DRCVenBldSO = 0.0 
DRCArtBldSO = 0.0 

DRCFatSO = 0.0 
DRCVLivSO = 0.0 
DRCLungSO = 0.0 

DRCTranAirEpiSO = 0.0 

! Start of dosing loop 
RESTRT:Total = 0.0 

DayExp = 1.0 
PerExt = 0.0 

kIV = 0.0 
PAUCCDorRespEpiRSO = 0.0 
PAUCCDorRespEpiSSO = 0.0 
PAUCCDorRespEpiSO = 0.0 
PAUCCDorOlfEpiRSO = 0.0 
PAUCCDorOlfEpiSSO = 0.0 
PAUCCDorOlfEpiSO = 0.0 
PAUCCVenRespEpiRSO = 0.0 
PAUCCVenRespEpiSSO = 0.0 
PAUCCVenRespEpiSO = 0.0 

END 

DYNAMIC 

DISCRETE DoseOn 
INTERVAL DoseInt = 1440.0 ! Interval to repeat dosing 
SCHEDULE DoseOff .AT. (Time+TChng) 

IF ((Time.LT.TMax) .AND. (DayExp.LE.DaysWk)) THEN 
CInh = CInhPPM * (4.0e-2) ! Inhaled styrene conc. (nmoles/mL) 

ENDIF 
IF (Time.LE.TChng) THEN 

kIV = IVDose / TChng ! (nmoles/min) 
ENDIF 
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IF (Time.LT.(NumDoses*DoseInt)) Total = Total + OralGav 

DayExp = DayExp + 1.0
 
IF (DayExp.GT.7.0) DayExp = 0.5
 

END 

DISCRETE DoseOff 
CInh = 0.0 ! Inhaled styrene conc. (nmoles/mL) 
kIV = 0.0 

END 

DISCRETE Calc ! Calculate average AUC 
INTERVAL CalcInt = 10080.0 

DAUCCDREpiRSO = (AUCCDorRespEpiRSO - PAUCCDorRespEpiRSO) / CalcInt 
DAUCCDREpiSSO = (AUCCDorRespEpiSSO - PAUCCDorRespEpiSSO) / CalcInt 
DAUCCDREpiSO = (AUCCDorRespEpiSO - PAUCCDorRespEpiSO) / CalcInt 

DAUCCDOEpiRSO = (AUCCDorOlfEpiRSO - PAUCCDorOlfEpiRSO) / CalcInt 
DAUCCDOEpiSSO = (AUCCDorOlfEpiSSO - PAUCCDorOlfEpiSSO) / CalcInt 
DAUCCDOEpiSO = (AUCCDorOlfEpiSO - PAUCCDorOlfEpiSO) / CalcInt 

DAUCCVREpiRSO = (AUCCVenRespEpiRSO - PAUCCVenRespEpiRSO) / CalcInt 
DAUCCVREpiSSO = (AUCCVenRespEpiSSO - PAUCCVenRespEpiSSO) / CalcInt 
DAUCCVREpiSO = (AUCCVenRespEpiSO - PAUCCVenRespEpiSO) / CalcInt 

IF (Time.GT.0.0) THEN
 
PAUCCDorRespEpiRSO = AUCCDorRespEpiRSO
 
PAUCCDorRespEpiSSO = AUCCDorRespEpiSSO
 
PAUCCDorRespEpiSO = AUCCDorRespEpiSO
 

PAUCCDorOlfEpiRSO = AUCCDorOlfEpiRSO
 
PAUCCDorOlfEpiSSO = AUCCDorOlfEpiSSO
 
PAUCCDorOlfEpiSO = AUCCDorOlfEpiSO
 

PAUCCVenRespEpiRSO = AUCCVenRespEpiRSO
 
PAUCCVenRespEpiSSO = AUCCVenRespEpiSSO
 
PAUCCVenRespEpiSO = AUCCVenRespEpiSO
 

ENDIF
 
END ! End of Calc 

IF(Hours.EQ.SS) AUCCSt1=AUCCVenBldSt 

DERIVATIVE 

Hours = Time / 60.0 
Days = Hours / 24.0 

! IP Dosing 
RAIPSt = kIP * AIPSt 
AIPSt = IPDose - INTEG(RAIPSt, 0.0) 

31
 

http:IF(Hours.EQ.SS


 

  

 
  

            
            
 

     
                    
              
               
                              
 
 

   
 

    
              
            
             
            
 
 

   
                   
                  
            
             
           
 
       
                   
             
 
 

      
             
           
            
           
 

      
             
           
            
           
 

     
            
                  
                   
                   
                 
         
          
      
 
 

! Oral Dosing 
RAOralGav = (kOral + kFeces) * AOralGav 
AOralGav = Total - INTEG(RAOralGav, 0.0) 

! Styrene Concentration in Closed Chamber 
RACha = N * QAlv * ((CPulSt / PTissAirSt) - CCha)
 
ACha = INTEG(RACha, AChInit)
 
CCha = ACha / VCha
 

CChaPPM = CCha / 0.04 ! Chamber concentration in ppm 

! ******** STYRENE ***************************************************** 

! Fat (CFatSt = nmoles/mL) 
RAFatSt = QFat * (CArtBldSt - CVFatSt)
 
AFatSt = INTEG(RAFatSt, 0.0)
 
CFatSt = AFatSt / VFat
 

CVFatSt = CFatSt / PFatSt 

! Liver (CLivSt = nmoles/mL) 
RALivSt = (QLiv * (CArtBldSt - CVLivSt)) + RAIPSt + RAOralGav & 

+ kDrink - RAMetLiv
 
ALivSt = INTEG(RALivSt, 0.0)
 
CLivSt = ALivSt / VLiv
 

CVLivSt = CLivSt / PLivSt 

! Metabolism via P450 in Liver
 
RAMetLiv = (VLiv * VMaxLiv * CVLivSt) / (KMSt + CVLivSt)
 
AMetLiv = INTEG(RAMetLiv, 0.0)
 

! Poorly Perfused Tissues (CPoorSt = nmoles/mL) 
RAPoorSt = QPoor * (CArtBldSt - CVPoorSt)
 
APoorSt = INTEG(RAPoorSt, 0.0)
 
CPoorSt = APoorSt / VPoor
 

CVPoorSt = CPoorSt / PPoorSt 

! Richly Perfused Tissue (CRichSt = nmoles/mL) 
RARichSt = QRich * (CArtBldSt - CVRichSt)
 
ARichSt = INTEG(RARichSt, 0.0)
 
CRichSt = ARichSt / VRich
 

CVRichSt = CRichSt / PRichSt 

! Venous Blood (CVenBldSt = nmoles/mL) 
RAVenBldSt = ((QFat*CVFatSt) + (QLiv*CVLivSt) + (QPoor*CVPoorSt) & 

+ (QRich*CVRichSt) + (QDorResp*CFDorRespSubSt) & 
+ (QDorOlf*CFDorOlfSubSt) + (QVenResp*CFVenRespSubSt) & 
+ (QConAir*CFConAirSubSt) + (QTranAir*CFTranAirSubSt)) + kIV & 
- (QC*CVenBldSt)
 

AVenBldSt = INTEG(RAVenBldSt, 0.0)
 
CVenBldSt = AVenBldSt / VBld
 

AUCCVenBldSt = INTEG(CVenBldSt, 0.0) 
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! ******** STYRENE NASAL REGIONS *************************************** 

! ******** DORSAL RESPIRATORY REGION *********************************** 
! Lumen (conc = nmoles/mL) 

RADorRespLumSt = (QPDorResp * ((CCOn*CCha) + (CCOff*CInh))) &
 
- (QPDorResp * CDorRespLumSt) &
 
- (MTDorResp * (CDorRespLumSt - (CDorRespEpiSt/PTissAirSt)))
 

ADorRespLumSt = INTEG(RADorRespLumSt, 0.0)
 
CDorRespLumSt = ADorRespLumSt / VDorRespLum
 

! Epithelium (conc = nmoles/mL) 
RADorRespEpiSt = (MTDorResp * CDorRespLumSt) & 

- (MTDorResp * (CDorRespEpiSt/PTissAirSt))& 
+ (kTDorResp * (CFDorRespSubSt - CFDorRespEpiSt)) & 
- RAMetDorRespR - RAMetDorRespS
 

ADorRespEpiSt = INTEG(RADorRespEpiSt, 0.0)
 
CDorRespEpiSt = ADorRespEpiSt / VDorResp
 

CFDorRespEpiSt = CDorRespEpiSt / PTissSt ! Free concentration 

! Metabolism via P450 in Epithelium to R-SO
 
RAMetDorRespR = (VDorResp * VMaxRResp * CFDorRespEpiSt) / &
 

(KMRSt + CFDorRespEpiSt)
 
AMetDorRespR = INTEG(RAMetDorRespR, 0.0)
 

! Metabolism via P450 in Epithelium to S-SO
 
RAMetDorRespS = (VDorResp * VMaxSResp * CFDorRespEpiSt) / &
 

(KMSSt + CFDorRespEpiSt)
 
AMetDorRespS = INTEG(RAMetDorRespS, 0.0)
 

! Submucosa (conc = nmoles/mL) 
RADorRespSubSt = (QDorResp * (CArtBldSt - CFDorRespSubSt)) & 

- (kTDorResp * (CFDorRespSubSt - CFDorRespEpiSt))
 
ADorRespSubSt = INTEG(RADorRespSubSt, 0.0)
 
CDorRespSubSt = ADorRespSubSt / VXDorResp
 

CFDorRespSubSt = CDorRespSubSt / PTissSt ! Free concentration 

! ******** DORSAL OLFACTORY REGION ************************************* 
! Lumen (conc = nmoles/mL) 

RADorOlfLumSt = (QPDorOlf * (CDorRespLumSt - CDorOlfLumSt)) & 
- (MTDorOlf * (CDorOlfLumSt - (CDorOlfEpiSt/PTissAirSt)))
 

ADorOlfLumSt = INTEG(RADorOlfLumSt, 0.0)
 
CDorOlfLumSt = ADorOlfLumSt / VDorOlfLum
 

! Epithelium (conc = nmoles/mL) 
RADorOlfEpiSt = (MTDorOlf * (CDorOlfLumSt - (CDorOlfEpiSt/PTissAirSt))) & 

+ (kTDorOlf * (CFDorOlfSubSt - CFDorOlfEpiSt)) & 
- RAMetDorOlfR - RAMetDorOlfS
 

ADorOlfEpiSt = INTEG(RADorOlfEpiSt, 0.0)
 
CDorOlfEpiSt = ADorOlfEpiSt / VDorOlf
 

CFDorOlfEpiSt = CDorOlfEpiSt / PTissSt ! Free concentration 

! Metabolism via P450 in Epithelium to R-SO 
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RAMetDorOlfR = (VDorOlf * VMaxROlf * CFDorOlfEpiSt) / &
 
(KMRSt + CFDorOlfEpiSt)
 

AMetDorOlfR = INTEG(RAMetDorOlfR, 0.0)
 

! Metabolism via P450 in Epithelium to S-SO
 
RAMetDorOlfS = (VDorOlf * VMaxSOlf * CFDorOlfEpiSt) / &
 

(KMSSt + CFDorOlfEpiSt)
 
AMetDorOlfS = INTEG(RAMetDorOlfS, 0.0)
 

! Submucosa (conc = nmoles/mL) 
RADorOlfSubSt = (QDorOlf * (CArtBldSt - CFDorOlfSubSt)) & 

- (kTDorOlf * (CFDorOlfSubSt - CFDorOlfEpiSt))
 
ADorOlfSubSt = INTEG(RADorOlfSubSt, 0.0)
 
CDorOlfSubSt = ADorOlfSubSt / VXDorOlf
 

CFDorOlfSubSt = CDorOlfSubSt / PTissSt ! Free concentration 

! ******** VENTRAL RESPIRATORY REGION ********************************** 
! Lumen (conc = nmoles/mL) 

RAVenRespLumSt = (QPVenResp * ((CCOn*CCha) + (CCOff*CInh))) &
 
- (QPVenResp * CVenRespLumSt) &
 
- (MTVenResp * (CVenRespLumSt - (CVenRespEpiSt/PTissAirSt)))
 

AVenRespLumSt = INTEG(RAVenRespLumSt, 0.0)
 
CVenRespLumSt = AVenRespLumSt / VVenRespLum
 

! Epithelium (conc = nmoles/mL) 
RAVenRespEpiSt = (MTVenResp * CVenRespLumSt) & 

- (MTVenResp * (CVenRespEpiSt/PTissAirSt)) & 
+ (kTVenResp * (CFVenRespSubSt - CFVenRespEpiSt)) & 
- RAMetVenRespR - RAMetVenRespS
 

AVenRespEpiSt = INTEG(RAVenRespEpiSt, 0.0)
 
CVenRespEpiSt = AVenRespEpiSt / VVenResp
 

CFVenRespEpiSt = CVenRespEpiSt / PTissSt ! Free concentration 

! Metabolism via P450 in Epithelium to R-SO
 
RAMetVenRespR = (VVenResp * VMaxRResp * CFVenRespEpiSt) / &
 

(KMRSt + CFVenRespEpiSt)
 
AMetVenRespR = INTEG(RAMetVenRespR, 0.0)
 

! Metabolism via P450 in Epithelium to S-SO
 
RAMetVenRespS = (VVenResp * VMaxSResp * CFVenRespEpiSt) / &
 

(KMSSt + CFVenRespEpiSt)
 
AMetVenRespS = INTEG(RAMetVenRespS, 0.0)
 

! Submucosa (conc = nmoles/mL) 
RAVenRespSubSt = (QVenResp * (CArtBldSt - CFVenRespSubSt)) & 

- (kTVenResp * (CFVenRespSubSt - CFVenRespEpiSt))
 
AVenRespSubSt = INTEG(RAVenRespSubSt, 0.0)
 
CVenRespSubSt = AVenRespSubSt / VXVenResp
 

CFVenRespSubSt = CVenRespSubSt / PTissSt ! Free concentration 

! ******** UPPER RESPIRATORY TRACT ************************************* 
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CURTSt = ((QPVenResp * CVenRespLumSt) + (QPDorOlf * CDorOlfLumSt)) / & 
(QPVenResp + QPDorOlf) 

! Percent Extraction 
IF (CInhPPM.GT.0.0) PerExt = 100.0*(((CInhPPM*0.04)-CURTSt) / (CInhPPM*0.04)) 

! ******** CONDUCTING AIRWAYS ****************************************** 
! Lumen (conc = nmoles/mL) 

RAConAirLumSt = ((QPVenResp + QPDorOlf) * (CURTSt - CConAirLumSt)) & 
- (MTConAir * (CConAirLumSt - (CConAirEpiSt/PTissAirSt)))
 

AConAirLumSt = INTEG(RAConAirLumSt, 0.0)
 
CConAirLumSt = AConAirLumSt / VConAirLum
 

! Epithelium (conc = nmoles/mL) 
RAConAirEpiSt = (MTConAir * (CConAirLumSt - (CConAirEpiSt/PTissAirSt))) & 

+ (kTConAir * (CFConAirSubSt - CFConAirEpiSt))
 
AConAirEpiSt = INTEG(RAConAirEpiSt, 0.0)
 
CConAirEpiSt = AConAirEpiSt / VConAir
 

CFConAirEpiSt = CConAirEpiSt / PTissSt ! Free concentration 

! Submucosa (conc = nmoles/mL) 
RAConAirSubSt = (QConAir * (CArtBldSt - CFConAirSubSt)) & 

- (kTConAir * (CFConAirSubSt - CFConAirEpiSt))
 
AConAirSubSt = INTEG(RAConAirSubSt, 0.0)
 
CConAirSubSt = AConAirSubSt / VXConAir
 

CFConAirSubSt = CConAirSubSt / PTissSt 

! ******** TRANSITIONAL AIRWAYS **************************************** 
! Lumen (conc = nmoles/mL) 

RATranAirLumSt = (QAlv * (CConAirLumSt - CTranAirLumSt)) & 
- (MTTranAir * (CTranAirLumSt - (CTranAirEpiSt/PTissAirSt)))
 

ATranAirLumSt = INTEG(RATranAirLumSt, 0.0)
 
CTranAirLumSt = ATranAirLumSt / VTranAirLum
 

! Epithelium (conc = nmoles/mL) 
RATranAirEpiSt = (MTTranAir * CTranAirLumSt) & 

- (MTTranAir * (CTranAirEpiSt/PTissAirSt)) & 
+ (kTTranAir * (CFTranAirSubSt - CFTranAirEpiSt)) & 
- RAMetTranAir
 

ATranAirEpiSt = INTEG(RATranAirEpiSt, 0.0)
 
CTranAirEpiSt = ATranAirEpiSt / VTranAir
 

CFTranAirEpiSt = CTranAirEpiSt / PTissSt ! Free concentration 

! Metabolism via P450 in Epithelium
 
RAMetTranAir = (VTranAir * VMaxTiss * CFTranAirEpiSt) / &
 

(KMSt + CFTranAirEpiSt)
 
AMetTranAir = INTEG(RAMetTranAir, 0.0)
 

! Submucosa (conc = nmoles/mL) 
RATranAirSubSt = (QTranAir * (CArtBldSt - CFTranAirSubSt)) & 

- (kTTranAir * (CFTranAirSubSt - CFTranAirEpiSt)) 
ATranAirSubSt = INTEG(RATranAirSubSt, 0.0) 
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CTranAirSubSt = ATranAirSubSt / VXTranAir
 
CFTranAirSubSt = CTranAirSubSt / PTissSt ! Free concentration
 

! ******** PULMONARY REGION ******************************************** 
RAPulSt = (QAlv * (CTranAirLumSt - (CPulSt / PTissAirSt))) & 

- (QC * (CArtBldSt - CVenBldSt))
 
APulSt = INTEG(RAPulSt, 0.0)
 
CPulSt = APulSt / VPul
 

CArtBldSt = CPulSt / PTissSt
 
AUCCArtBldSt = INTEG(CArtBldSt, 0.0)
 

! ******** LUNG ******************************************************** 
CLungSt = ((VPul*CPulSt) + (VTranAir*CFTranAirSubSt) & 

+ (VConAir*CFConAirSubSt)) / (VPul + VConAir + VTranAir) 

! ******** STYRENE OXIDE *********************************************** 

! Fat (CFatSO = nmoles/mL) 
RAFatSO = QFat * (CArtBldSO - CVFatSO)
 
AFatSO = INTEG(RAFatSO, 0.0)
 
CFatSO = AFatSO / VFat
 

CVFatSO = CFatSO / PFatSO 

! Liver (CLivSO = nmoles/mL) 
RALivSO = (QLiv * (CArtBldSO - CVLivSO)) + (Frac*RAMetLiv) & 

- RAMetLivGSH - RAMetLivEH
 
ALivSO = INTEG(RALivSO, 0.0)
 
CLivSO = ALivSO / ((1-Factor) * VLiv)
 

CVLivSO = CLivSO / PLivSO 

! Production and Elimination of GSH in Liver 
RAGSHLiv = (kGSHProd * VLiv * CGSHLiv0) - (kGSHElim * VLiv * CGSHLiv)& 

- RAMetLivGSH
 
AGSHLiv = INTEG(RAGSHLiv, AGSHLiv0)
 
CGSHLiv = AGSHLiv / VLiv
 

! Metabolism of Styrene Oxide via EH in Liver
 
RAMetLivEH = (VLiv * VMaxEHLiv * CVLivSO) / (KMEH + CVLivSO)
 
AMetLivEH = INTEG(RAMetLivEH, 0.0)
 

! Metabolism of Styrene Oxide via GSH in Liver
 
RAMetLivGSH = (VLiv * VMaxGSHLiv * CVLivSO * CGSHLiv) / &
 

((KMGSH*CVLivSO) + (KMSO*CGSHLiv) + (CVLivSO*CGSHLiv))
 
AMetLivGSH = INTEG(RAMetLivGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Liver
 
AMetLivSO = INTEG((RAMetLivEH + RAMetLivGSH), 0.0)
 

! Poorly Perfused Tissues (CPoorSO = nmoles/mL) 
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RAPoorSO = QPoor * (CArtBldSO - CVPoorSO)
 
APoorSO = INTEG(RAPoorSO, 0.0)
 
CPoorSO = APoorSO / VPoor
 

CVPoorSO = CPoorSO / PPoorSO 

! Richly Perfused Tissue (CRichSO = nmoles/mL) 
RARichSO = (QRich * (CArtBldSO - CVRichSO))
 
ARichSO = INTEG(RARichSO, 0.0)
 
CRichSO = ARichSO / VRich
 

CVRichSO = CRichSO / PRichSO 

! Production and Elimination of GSH in Richly Perfused Tissues
 
RAGSHRich = (kGSHProd * VRich * CGSHRich0) &
 

- (kGSHElim * VRich * CGSHRP)
 
AGSHRich = INTEG(RAGSHRich, AGSHRich0)
 

CGSHRP = AGSHRich / VRich
 

! Venous Blood (CVenBldSt = nmoles/mL) 
RAVenBldSO = ((QFat*CVFatSO) + (QLiv*CVLivSO) + (QPoor*CVPoorSO) & 

+ (QRich*CVRichSO) + (QDorResp*CFDorRespSubSO) & 
+ (QDorOlf*CFDorOlfSubSO) + (QVenResp*CFVenRespSubSO) & 
+ (QConAir*CFConAirSubSO) + (QTranAir*CFTranAirSubSO)) & 
- (QC*CVenBldSO)
 

AVenBldSO = INTEG(RAVenBldSO, 0.0)
 
CVenBldSO = AVenBldSO / VBld
 

! ******** STYRENE OXIDE NASAL REGIONS ********************************* 

! ******** DORSAL RESPIRATORY REGION *********************************** 

! Production and Elimination of GSH 
RAGSHDorResp = (kGSHProd * VDorResp * CGSHDorResp0) &
 

- (kGSHElim * VDorResp * CGSHDorResp) &
 
- RAMetDorRespRGSH - RAMetDorRespSGSH
 

AGSHDorResp = INTEG(RAGSHDorResp, AGSHDorResp0)
 
CGSHDorResp = AGSHDorResp / VDorResp
 

! Total Styrene Oxide in Epithelium (conc = nmoles/mL) 
ADorRespEpiSO = ADorRespEpiRSO + ADorRespEpiSSO 
CDorRespEpiSO = ADorRespEpiSO / VDorResp 

CFDorRespEpiSO = CDorRespEpiSO / PTissSO ! Free concentration
 
AUCCDorRespEpiSO = INTEG(CDorRespEpiSO, 0.0)
 

! Fractional division for R and S Styrene Oxide 
IF ((Time.GT.0.0) .AND. (CDorRespEpiSO.GT.0.0)) THEN 

FracRDorResp = CDorRespEpiRSO / CDorRespEpiSO 
ENDIF 

FracSDorResp = 1.0 - FracRDorResp 

! R-Styrene Oxide in Epithelium (conc = nmoles/mL) 
RADorRespEpiRSO = (Frac * RAMetDorRespR) & 
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+ (kTDorResp * (FracRDorResp * CFDorRespSubSO)) &
 
- (kTDorResp * CFDorRespEpiRSO) &
 
- RAMetDorRespREH - RAMetDorRespRGSH
 

ADorRespEpiRSO = INTEG(RADorRespEpiRSO, 0.0) 
CDorRespEpiRSO = ADorRespEpiRSO / VDorResp 

CFDorRespEpiRSO = CDorRespEpiRSO / PTissSO ! Free concentration 
AUCCDorRespEpiRSO = INTEG(CDorRespEpiRSO, 0.0) 

! Metabolism via EH in Epithelium
 
RAMetDorRespREH = (VDorResp * VMaxREHResp * CFDorRespEpiRSO) / &
 

(KMREHResp + CFDorRespEpiRSO)
 
AMetDorRespREH = INTEG(RAMetDorRespREH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetDorRespRGSH = (VDorResp * VMaxRGSHResp * CFDorRespEpiRSO*CGSHDorResp)/& 

((KMRGSH * CFDorRespEpiRSO) + (KMRSOResp * CGSHDorResp) & 
+ (CFDorRespEpiRSO * CGSHDorResp))
 

AMetDorRespRGSH = INTEG(RAMetDorRespRGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetDorRespRSO = INTEG((RAMetDorRespREH + RAMetDorRespRGSH), 0.0)
 

! S-Styrene Oxide in Epithelium (conc = nmoles/mL) 
RADorRespEpiSSO = (Frac * RAMetDorRespS) & 

+ (kTDorResp * (FracSDorResp * CFDorRespSubSO)) &
 
- (kTDorResp * CFDorRespEpiSSO) &
 
- RAMetDorRespSEH - RAMetDorRespSGSH
 

ADorRespEpiSSO = INTEG(RADorRespEpiSSO, 0.0) 
CDorRespEpiSSO = ADorRespEpiSSO / VDorResp 

CFDorRespEpiSSO = CDorRespEpiSSO / PTissSO ! Free concentration 
AUCCDorRespEpiSSO = INTEG(CDorRespEpiSSO, 0.0) 

! Metabolism via EH in Epithelium
 
RAMetDorRespSEH = (VDorResp * VMaxSEHResp * CFDorRespEpiSSO) / &
 

(KMSEHResp + CFDorRespEpiSSO)
 
AMetDorRespSEH = INTEG(RAMetDorRespSEH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetDorRespSGSH = (VDorResp * VMaxSGSHResp * CFDorRespEpiSSO*CGSHDorResp)/& 

((KMSGSH * CFDorRespEpiSSO) + (KMSSOResp * CGSHDorResp) & 
+ (CFDorRespEpiSSO * CGSHDorResp))
 

AMetDorRespSGSH = INTEG(RAMetDorRespSGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetDorRespSSO = INTEG((RAMetDorRespSEH + RAMetDorRespSGSH), 0.0)
 

! Submucosa (conc = nmoles/mL) 
RADorRespSubSO = (QDorResp * (CArtBldSO - CFDorRespSubSO)) &
 

- (kTDorResp * (CFDorRespSubSO - CFDorRespEpiRSO &
 
- CFDorRespEpiSSO))
 

ADorRespSubSO = INTEG(RADorRespSubSO, 0.0)
 
CDorRespSubSO = ADorRespSubSO / VXDorResp
 

CFDorRespSubSO = CDorRespSubSO / PTissSO ! Free concentration
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! ******** DORSAL OLFACTORY REGION ************************************* 
! Production and Elimination of GSH 

RAGSHDorOlf = (kGSHProd * VDorOlf * CGSHDorOlf0) &
 
- (kGSHElim * VDorOlf * CGSHDorOlf) &
 
- RAMetDorOlfRGSH - RAMetDorOlfSGSH
 

AGSHDorOlf = INTEG(RAGSHDorOlf, AGSHDorOlf0)
 
CGSHDorOlf = AGSHDorOlf / VDorOlf
 

! Total Styrene Oxide in Epithelium (conc = nmoles/mL) 
ADorOlfEpiSO = ADorOlfEpiRSO + ADorOlfEpiSSO 
CDorOlfEpiSO = ADorOlfEpiSO / VDorOlf 

CFDorOlfEpiSO = CDorOlfEpiSO / PTissSO ! Free concentration
 
AUCCDorOlfEpiSO = INTEG(CDorOlfEpiSO, 0.0)
 

! Fractional division for R and S Styrene Oxide 
IF ((Time.GT.0.0) .AND. (CDorOlfEpiSO.GT.0.0)) THEN 

FracRDorOlf = CDorOlfEpiRSO / CDorOlfEpiSO 
ENDIF 

FracSDorOlf = 1.0 - FracRDorOlf 

! R-Styrene Oxide in Epithelium (conc = nmoles/mL) 
RADorOlfEpiRSO = (Frac * RAMetDorOlfR) & 

+ (kTDorOlf * (FracRDorOlf * CFDorOlfSubSO)) &
 
- (kTDorOlf * CFDorOlfEpiRSO) &
 
- RAMetDorOlfREH - RAMetDorOlfRGSH
 

ADorOlfEpiRSO = INTEG(RADorOlfEpiRSO, 0.0)
 
CDorOlfEpiRSO = ADorOlfEpiRSO / VDorOlf
 

CFDorOlfEpiRSO = CDorOlfEpiRSO / PTissSO ! Free concentration
 
AUCCDorOlfEpiRSO = INTEG(CDorOlfEpiRSO, 0.0)
 

! Metabolism via EH in Epithelium
 
RAMetDorOlfREH = (VDorOlf * VMaxREHOlf * CFDorOlfEpiRSO) / &
 

(KMREHOlf + CFDorOlfEpiRSO)
 
AMetDorOlfREH = INTEG(RAMetDorOlfREH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetDorOlfRGSH = (VDorOlf * VMaxRGSHOlf * CFDorOlfEpiRSO * CGSHDorOlf) / & 

((KMRGSH * CFDorOlfEpiRSO) + (KMRSOOlf * CGSHDorOlf) & 
+ (CFDorOlfEpiRSO * CGSHDorOlf))
 

AMetDorOlfRGSH = INTEG(RAMetDorOlfRGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetDorOlfRSO = INTEG((RAMetDorOlfREH + RAMetDorOlfRGSH), 0.0)
 

! S-Styrene Oxide in Epithelium (conc = nmoles/mL) 
RADorOlfEpiSSO = (Frac * RAMetDorOlfS) & 

+ (kTDorOlf * (FracSDorOlf * CFDorOlfSubSO)) &
 
- (kTDorOlf * CFDorOlfEpiSSO) &
 
- RAMetDorOlfSEH - RAMetDorOlfSGSH
 

ADorOlfEpiSSO = INTEG(RADorOlfEpiSSO, 0.0)
 
CDorOlfEpiSSO = ADorOlfEpiSSO / VDorOlf
 

CFDorOlfEpiSSO = CDorOlfEpiSSO / PTissSO ! Free concentration
 
AUCCDorOlfEpiSSO = INTEG(CDorOlfEpiSSO, 0.0)
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! Metabolism via EH in Epithelium
 
RAMetDorOlfSEH = (VDorOlf * VMaxSEHOlf * CFDorOlfEpiSSO) / &
 

(KMSEHOlf + CFDorOlfEpiSSO)
 
AMetDorOlfSEH = INTEG(RAMetDorOlfSEH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetDorOlfSGSH = (VDorOlf * VMaxSGSHOlf * CFDorOlfEpiSSO * CGSHDorOlf) / & 

((KMSGSH * CFDorOlfEpiSSO) + (KMSSOOlf * CGSHDorOlf) & 
+ (CFDorOlfEpiSSO * CGSHDorOlf))
 

AMetDorOlfSGSH = INTEG(RAMetDorOlfSGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetDorOlfSSO = INTEG((RAMetDorOlfSEH + RAMetDorOlfSGSH), 0.0)
 

! Submucosa (conc = nmoles/mL) 
RADorOlfSubSO = (QDorOlf * (CArtBldSO - CFDorOlfSubSO)) &
 

- (kTDorOlf * (CFDorOlfSubSO - CFDorOlfEpiRSO &
 
- CFDorOlfEpiSSO))
 

ADorOlfSubSO = INTEG(RADorOlfSubSO, 0.0)
 
CDorOlfSubSO = ADorOlfSubSO / VXDorOlf
 

CFDorOlfSubSO = CDorOlfSubSO / PTissSO ! Free concentration
 

! ******** VENTRAL RESPIRATORY REGION ********************************** 
! Production and Elimination of GSH in Ventral Respiratory Region 

RAGSHVenResp = (kGSHProd * VVenResp * CGSHVenResp0) &
 
- (kGSHElim * VVenResp * CGSHVenResp) &
 
- RAMetVenRespRGSH - RAMetVenRespSGSH
 

AGSHVenResp = INTEG(RAGSHVenResp, AGSHVenResp0)
 
CGSHVenResp = AGSHVenResp / VVenResp
 

! Total Styrene Oxide in Epithelium (conc = nmoles/mL) 
AVenRespEpiSO = AVenRespEpiRSO + AVenRespEpiSSO 
CVenRespEpiSO = AVenRespEpiSO / VVenResp 

CFVenRespEpiSO = CVenRespEpiSO / PTissSO ! Free concentration
 
AUCCVenRespEpiSO = INTEG(CVenRespEpiSO, 0.0)
 

! Fractional division for R and S Styrene Oxide 
IF ((Time.GT.0.0) .AND. (CVenRespEpiSO.GT.0.0)) THEN 

FracRVenResp = CVenRespEpiRSO / CVenRespEpiSO 
ENDIF 

FracSVenResp = 1.0 - FracRVenResp 

! R-Styrene Oxide in Epithelium (conc = nmoles/mL) 
RAVenRespEpiRSO = (Frac * RAMetVenRespR) & 

+ (kTVenResp * (FracRVenResp * CFVenRespSubSO)) &
 
- (kTVenResp * CFVenRespEpiRSO) &
 
- RAMetVenRespREH - RAMetVenRespRGSH
 

AVenRespEpiRSO = INTEG(RAVenRespEpiRSO, 0.0) 
CVenRespEpiRSO = AVenRespEpiRSO / VVenResp 

CFVenRespEpiRSO = CVenRespEpiRSO / PTissSO ! Free concentration 
AUCCVenRespEpiRSO = INTEG(CVenRespEpiRSO, 0.0) 

40
 



 

  

       
            
                        
       
 
       
         
                           
                      
      
 
        
        
 
 

      
         
                         
                       
                       
       
         
              
    
 
       
            
                        
       
 
       
         
                           
                      
      
 
        
        
 
 

    
            
                          
                     
        
          
               
 
 

    
    

            
         
           
                  
 

! Metabolism via EH in Epithelium
 
RAMetVenRespREH = (VVenResp * VMaxREHResp * CFVenRespEpiRSO) / &
 

(KMREHResp + CFVenRespEpiRSO)
 
AMetVenRespREH = INTEG(RAMetVenRespREH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetVenRespRGSH = (VVenResp*VMaxRGSHResp * CFVenRespEpiRSO * CGSHVenResp)/& 

((KMRGSH * CFVenRespEpiRSO) + (KMRSOResp * CGSHVenResp) & 
+ (CFVenRespEpiRSO * CGSHVenResp))
 

AMetVenRespRGSH = INTEG(RAMetVenRespRGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetVenRespRSO = INTEG((RAMetVenRespREH + RAMetVenRespRGSH), 0.0)
 

! S-Styrene Oxide in Epithelium (conc = nmoles/mL) 
RAVenRespEpiSSO = (Frac * RAMetVenRespS) & 

+ (kTVenResp * (FracSVenResp * CFVenRespSubSO)) &
 
- (kTVenResp * CFVenRespEpiSSO) &
 
- RAMetVenRespSEH - RAMetVenRespSGSH
 

AVenRespEpiSSO = INTEG(RAVenRespEpiSSO, 0.0) 
CVenRespEpiSSO = AVenRespEpiSSO / VVenResp 

CFVenRespEpiSSO = CVenRespEpiSSO / PTissSO ! Free concentration 
AUCCVenRespEpiSSO = INTEG(CVenRespEpiSSO, 0.0) 

! Metabolism via EH in Epithelium
 
RAMetVenRespSEH = (VVenResp * VMaxSEHResp * CFVenRespEpiSSO) / &
 

(KMSEHResp + CFVenRespEpiSSO)
 
AMetVenRespSEH = INTEG(RAMetVenRespSEH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetVenRespSGSH = (VVenResp*VMaxSGSHResp * CFVenRespEpiSSO * CGSHVenResp)/& 

((KMSGSH * CFVenRespEpiSSO) + (KMSSOResp * CGSHVenResp) & 
+ (CFVenRespEpiSSO * CGSHVenResp))
 

AMetVenRespSGSH = INTEG(RAMetVenRespSGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetVenRespSSO = INTEG((RAMetVenRespSEH + RAMetVenRespSGSH), 0.0)
 

! Submucosa (conc = nmoles/mL) 
RAVenRespSubSO = (QVenResp * (CArtBldSO - CFVenRespSubSO)) &
 

- (kTVenResp * (CFVenRespSubSO - CFVenRespEpiRSO &
 
- CFVenRespEpiSSO))
 

AVenRespSubSO = INTEG(RAVenRespSubSO, 0.0)
 
CVenRespSubSO = AVenRespSubSO / VXVenResp
 

CFVenRespSubSO = CVenRespSubSO / PTissSO ! Free concentration
 

! ******** CONDUCTING AIRWAYS ****************************************** 
! Epithelium (conc = nmoles/mL) 

RAConAirEpiSO = (kTConAir * (CFConAirSubSO - CFConAirEpiSO))
 
AConAirEpiSO = INTEG(RAConAirEpiSO, 0.0)
 
CConAirEpiSO = AConAirEpiSO / VConAir
 

CFConAirEpiSO = CConAirEpiSO / PTissSO ! Free concentration 
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! Submucosa (conc = nmoles/mL) 
RAConAirSubSO = (QConAir * (CArtBldSO - CFConAirSubSO)) & 

- (kTConAir * (CFConAirSubSO - CFConAirEpiSO)) 
AConAirSubSO = INTEG(RAConAirSubSO, 0.0) 
CConAirSubSO = AConAirSubSO / VXConAir 

CFConAirSubSO = CConAirSubSO / PTissSO ! Free concentration 

! Production and Elimination of GSH
 
RAGSHConAir = (kGSHProd * VConAir * CGSHConAir0) &
 

- (kGSHElim * VConAir * CGSHConAir)
 
AGSHConAir = INTEG(RAGSHConAir, AGSHConAir0)
 
CGSHConAir = AGSHConAir / VConAir
 

! ******** TRANSITIONAL AIRWAYS **************************************** 
! Epithelium (conc = nmoles/mL) 

RATranAirEpiSO = (Frac * RAMetTranAir) & 
+ (kTTranAir * (CFTranAirSubSO - CFTranAirEpiSO)) & 
- RAMetTranAirEH - RAMetTranAirGSH
 

ATranAirEpiSO = INTEG(RATranAirEpiSO, 0.0)
 
CTranAirEpiSO = ATranAirEpiSO / VTranAir
 

AUCTranAirEpiSO = integ(CTranAirEpiSO, 0.)
 
CFTranAirEpiSO = CTranAirEpiSO / PTissSO ! Free concentration
 

! Production and Elimination of GSH
 
RAGSHTranAir = (kGSHProd * VTranAir * CGSHTranAir0) &
 

- (kGSHElim * VTranAir * CGSHTranAir) - RAMetTranAirGSH
 
AGSHTranAir = INTEG(RAGSHTranAir, AGSHTranAir0)
 
CGSHTranAir = AGSHTranAir / VTranAir
 

! Metabolism via EH in Epithelium
 
RAMetTranAirEH = (VTranAir * VMaxEHTiss * CFTranAirEpiSO) / &
 

(KMEH + CFTranAirEpiSO)
 
AMetTranAirEH = INTEG(RAMetTranAirEH, 0.0)
 

! Metabolism via GSH in Epithelium 
RAMetTranAirGSH = (VTranAir*VMaxGSHTiss * CFTranAirEpiSO * CGSHTranAir)/& 

((KMGSH * CFTranAirEpiSO) + (KMSO * CGSHTranAir) & 
+ (CFTranAirEpiSO * CGSHTranAir))
 

AMetTranAirGSH = INTEG(RAMetTranAirGSH, 0.0)
 

! Total Metabolism of Styrene Oxide in Epithelium
 
AMetTranAirSO = INTEG((RAMetTranAirEH + RAMetTranAirGSH), 0.0)
 

! Submucosa (conc = nmoles/mL) 
RATranAirSubSO = (QTranAir * (CArtBldSO - CFTranAirSubSO)) & 

- (kTTranAir * (CFTranAirSubSO - CFTranAirEpiSO)) 
ATranAirSubSO = INTEG(RATranAirSubSO, 0.0) 
CTranAirSubSO = ATranAirSubSO / VXTranAir 

CFTranAirSubSO = CTranAirSubSO / PTissSO ! Free concentration 

! ******** PULMONARY REGION ******************************************** 
RAPulSO = - (QC * (CArtBldSO - CVenBldSO)) & 

- (QAlv * (CPulSO / PTissAirSO)) 
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APulSO = INTEG(RAPulSO, 0.0)
 
CPulSO = APulSO / VPul
 

AUCPulSO = integ(CPulSO, 0.)
 
CArtBldSO = CPulSO / PTissSO
 

! Production and Elimination of GSH
 
RAGSHPul = (kGSHProd * VPul * CGSHPul0) &
 

- (kGSHElim * VPul * CGSHPu)
 
AGSHPul = INTEG(RAGSHPul, AGSHPul0)
 
CGSHPu = AGSHPul / VPul
 

! ******** LUNG ******************************************************** 
CLungSO = ((VPul*CPulSO) + (VTranAir*CFTranAirSubSO) & 

+ (VConAir*CFConAirSubSO)) / (VPul + VConAir + VTranAir)
 
AUCLungSO = integ(CLungSO, 0.)
 

! ******** MASS BALANCE EQUATIONS ************************************** 
! Check for Mass Balance for Styrene 

RAInSt = (QPDorResp * ((CCOn*CCha) + (CCOff*CInh) - CDorOlfLumSt)) & 
+ (QPVenResp * ((CCOn*CCha) + (CCOff*CInh) - CVenRespLumSt)) & 
+ (QAlv * (CConAirLumSt - (CPulSt/PTissAirSt))) & 
+ ((QPVenResp+QPDorOlf) * (CURTSt-CConAirLumSt)) & 
+ RAIPSt + RAOralGav + kDrink + kIV 

AInSt = INTEG(RAInSt, 0.0) 
AOutSt = AMetDorRespR + AMetDorRespS + AMetDorOlfR + AMetDorOlfS & 

+ AMetVenRespR + AMetVenRespS + AMetTranAir & 
+ AMetLiv + ADorRespEpiSt + ADorOlfEpiSt + AVenRespEpiSt & 
+ AConAirEpiSt + ATranAirEpiSt + APulSt + ALivSt + AFatSt & 
+ ARichSt + APoorSt + AVenBldSt + ADorRespSubSt & 
+ ADorOlfSubSt + AVenRespSubSt + AConAirSubSt & 
+ ATranAirSubSt + ADorRespLumSt + ADorOlfLumSt & 
+ AVenRespLumSt + AConAirLumSt + ATranAirLumSt
 

BalanceSt = AInSt - AOutSt
 

! Mass Balance for Styrene Oxide 
AInSO = Frac * (AMetDorOlfR + AMetDorOlfS + AMetLiv + AMetTranAir & 

+ AMetDorRespR + AMetDorRespS + AMetVenRespR + AMetVenRespS) 
RAExhSO = (QAlv * CPulSO) / PTissAirSO 
AExhSO = INTEG(RAExhSO, 0.0) 
AOutSO = AVenBldSO + AFatSO + ALivSO + ARichSO + APoorSO + APulSO & 

+ ADorOlfEpiRSO + ADorOlfEpiSSO + ADorOlfSubSO + AConAirEpiSO & 
+ AConAirSubSO + ADorRespEpiRSO + ADorRespEpiSSO & 
+ ADorRespSubSO + AVenRespEpiRSO + AVenRespEpiSSO & 
+ AVenRespSubSO + ATranAirEpiSO + ATranAirSubSO & 
+ AMetDorOlfRSO + AMetDorOlfSSO + AMetDorRespRSO & 
+ AMetDorRespSSO + AMetVenRespRSO + AMetVenRespSSO & 
+ AMetTranAirSO + AMetLivSO + AExhSO
 

BalanceSO = AInSO - AOutSO
 

! Mass Balance for R-Styrene Oxide 
AInRSO = (Frac * AMetDorRespR) + (Frac * AMetDorOlfR) & 

+ (Frac * AMetVenRespR) & 
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+ INTEG((kTDorResp * (FracRDorResp * CFDorRespSubSO)), 0.0) & 
+ INTEG((kTDorOlf * (FracRDorOlf * CFDorOlfSubSO)), 0.0) & 
+ INTEG((kTVenResp * (FracRVenResp * CFVenRespSubSO)), 0.0) 

AOutRSO = ADorRespEpiRSO + AMetDorRespRSO + ADorOlfEpiRSO & 
+ AMetDorOlfRSO + AVenRespEpiRSO + AMetVenRespRSO & 
+ INTEG((kTDorResp * CFDorRespEpiRSO), 0.0) & 
+ INTEG((kTDorOlf * CFDorOlfEpiRSO), 0.0) & 
+ INTEG((kTVenResp * CFVenRespEpiRSO), 0.0)
 

BalanceRSO = AInRSO - AOutRSO
 

! Mass Balance for S-Styrene Oxide 
AInSSO = (Frac * AMetDorRespS) + (Frac * AMetDorOlfS) & 

+ (Frac * AMetVenRespS) & 
+ INTEG((kTDorResp * (FracSDorResp * CFDorRespSubSO)), 0.0) & 
+ INTEG((kTDorOlf * (FracSDorOlf * CFDorOlfSubSO)), 0.0) & 
+ INTEG((kTVenResp * (FracSVenResp * CFVenRespSubSO)), 0.0) 

AOutSSO = ADorRespEpiSSO + AMetDorRespSSO + ADorOlfEpiSSO & 
+ AMetDorOlfSSO + AVenRespEpiSSO + AMetVenRespSSO & 
+ INTEG((kTDorResp * CFDorRespEpiSSO), 0.0) & 
+ INTEG((kTDorOlf * CFDorOlfEpiSSO), 0.0) & 
+ INTEG((kTVenResp * CFVenRespEpiSSO), 0.0)
 

BalanceSSO = AInSSO - AOutSSO
 

TERMT(Time.GE.TStop, 'Simulation Finished') 

END 
END 

TERMINAL 
IF (MaxRuns.GT.1) THEN
 

I = I + 1;
 
DRPerExt = PerExt
 
DRCVenBldSt = CVenBldSt
 
DRCArtBldSt = CArtBldSt
 
DRCLivSt = CLivSt
 
DRCLungSt = CLungSt
 
DRCVenBldSO = CVenBldSO
 
DRCArtBldSO = CArtBldSO
 
DRCFatSO = CFatSO
 
DRCVLivSO = CVLivSO
 
DRCLungSO = CLungSO
 
DRCTranAirEpiSO = CTranAirEpiSO
 
Dose = CInhPPM + IPDose
 

! IF (I.LT.(MaxRuns+1)) THEN 
! IF (CInhPPM.GT.0.0) CInhPPM = CInhPPM + DoseIncre 
! IF (IPDose.GT.0.0) IPDose = IPDose + DoseIncre 
! GO TO RESTRT 
! ENDIF 

ENDIF 
END ! End of Terminal 

END 

! .CMD Files 
% Mouse parameters 
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MVC=2.415, FRACAIRDR=0.15, FRACAIRDO=0.15, FRACAIRVR=0.85 
QCC=1.253, QFATC=0.059, QLIVC=0.161, QRICHC=0.48 
QDORRESPC=0.0002, QDOROLFC=0.005, QVENRESPC=0.0048 
QCONAIRC=0.005, QTRANAIRC=0.001 
BW=25.0, VBLDC=0.049, VFATC=0.07, VLIVC=0.055, VPOORC=0.6 
VDORRESPLUM=0.00051, VDOROLFLUM=0.0083, VVENRESPLUM=0.022 
VCONAIRLUM=0.11, VTRANAIRLUM=0.00087 
SADORRESP=0.05, SADOROLF=1.35, SAVENRESP=1.3, SACONAIR=8.87 
SATRANAIR=0.48, SAPUL=500.0 
WMUCUS=0.001, WTDORRESP=0.005, WTDOROLF=0.005 
WTVENRESP=0.005, WTCONAIR=0.0013, WTTRANAIR=0.001, WTPUL=0.000032 
WXDORRESP=0.002, WXDOROLF=0.002, WXVENRESP=0.002 
WXCONAIR=0.005, WXTRANAIR=0.002 
PBLDST=40.0, PFATST=87.0, PLIVST=2.0, PPOORST=1.3 
PRICHST=3.1, PTISSST=1.3 
PBLDSO=2000.0, PFATSO=6.1, PLIVSO=2.6, PPOORSO=1.5 
PRICHSO=2.6, PTISSSO=1.5 
KGDORRESP=19980.0, KGDOROLF=8040.0, KGVENRESP=34680.0 
KGCONAIR=312.0, KGTRANAIR=1136.0 
VMAXLIV=200.0, VMAXRRESP=3.28, VMAXSRESP=1.13 
VMAXROLF=6.59, VMAXSOLF=2.24, VMAXTISS=362.0 
VMAXEHLIV=3000.0, VMAXREHRESP=0.73, VMAXSEHRESP=1.6 
VMAXREHOLF=2.0, VMAXSEHOLF=2.2, VMAXEHTISS=157.0 
VMAXGSHLIV=4418.0, VMAXRGSHRESP=91.0, VMAXSGSHRESP=49.0 
VMAXRGSHOLF=259.0, VMAXSGSHOLF=130.0, VMAXGSHTISS=1000.0 
KMST=10.0, KMRST=10.0, KMSST=10.0 
KMEH=50.0, KMREHRESP=10.0, KMREHOLF=50.0, KMSEHRESP=30.0 
KMSEHOLF=40.0 
KMGSH=100.0, KMRGSH=100.0, KMSGSH=100.0 
KMSO=2500.0, KMRSORESP=30.0, KMRSOOLF=50.0 
KMSSORESP=40.0, KMSSOOLF=60.0 
KGSHPROD=0.012, KGSHELIM=0.012, KIP=0.011, KORAL=0.015, KFECES=0.0 
CGSHLIV0=2000.0, CGSHRICH0=2000.0, CGSHDORRESP0=1580.0 
CGSHDOROLF0=1580.0, CGSHVENRESP0=1580.0, CGSHCONAIR0=1580.0 
CGSHTRANAIR0=1580.0, CGSHPUL0=1580.0 

% Human parameters 
% Default runs EPA values: QCC=16.5 L/hr/kg^3/4, MV=20 m3/day 
MVC=3.228, FRACAIRDR=0.075, FRACAIRDO=0.075, FRACAIRVR=0.925 
QCC=1.547, QFATC=0.052, QLIVC=0.227, QRICHC=0.43 
QDORRESPC=0.00018, QDOROLFC=0.0001875, QVENRESPC=0.0021 
QCONAIRC=0.025, QTRANAIRC=0.007 
BW=70000.0, VBLDC=0.079, VFATC=0.2143, VLIVC=0.0257, VPOORC=0.5 
VDORRESPLUM=0.74, VDOROLFLUM=0.56, VVENRESPLUM=8.66 
VCONAIRLUM=95.7, VTRANAIRLUM=61.0 
SADORRESP=10.1, SADOROLF=13.2, SAVENRESP=114.4 
SACONAIR=2770.0, SATRANAIR=6220.0, SAPUL=540000.0 
WMUCUS=0.001, WTDORRESP=0.005, WTDOROLF=0.004 
WTVENRESP=0.005, WTCONAIR=0.003, WTTRANAIR=0.001, WTPUL=0.000036 
WXDORRESP=0.002, WXDOROLF=0.002, WXVENRESP=0.002 
WXCONAIR=0.0045, WXTRANAIR=0.002 
PBLDST=48.0, PFATST=50.0, PLIVST=2.0, PPOORST=1.3 
PRICHST=3.1, PTISSST=1.3 
PBLDSO=2000.0, PFATSO=6.1, PLIVSO=2.6, PPOORSO=1.5 
PRICHSO=2.6, PTISSSO=1.5 
KGDORRESP=197.0, KGDOROLF=1368.0, KGVENRESP=158.0 
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http:VVENRESPLUM=8.66
http:VDOROLFLUM=0.56
http:VDORRESPLUM=0.74
http:QRICHC=0.43
http:VMAXREHRESP=0.73
http:VMAXSOLF=2.24
http:VMAXROLF=6.59
http:VMAXSRESP=1.13
http:VMAXRRESP=3.28
http:SATRANAIR=0.48
http:SACONAIR=8.87
http:SADOROLF=1.35
http:SADORRESP=0.05
http:VCONAIRLUM=0.11
http:VFATC=0.07
http:QRICHC=0.48
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http:FRACAIRDO=0.15
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KGCONAIR=181.0, KGTRANAIR=158.0 
VMAXLIV=50.0, VMAXRRESP=0.0732, VMAXSRESP=0.0732, VMAXROLF=0.0732 
VMAXSOLF=0.0732, VMAXTISS=1.7 
VMAXEHLIV=12000.0, VMAXREHRESP=12.0, VMAXSEHRESP=8.8 
VMAXREHOLF=12.0, VMAXSEHOLF=8.8, VMAXEHTISS=37.0 
VMAXGSHLIV=1400.0, VMAXRGSHRESP=0.0, VMAXSGSHRESP=0.0 
VMAXRGSHOLF=0.0, VMAXSGSHOLF=0.0, VMAXGSHTISS=290.0 
KMST=10.0, KMRST=10.0, KMSST=10.0 
KMEH=50.0, KMREHRESP=40.0, KMREHOLF=40.0, KMSEHRESP=40.0 
KMSEHOLF=40.0 
KMGSH=100.0, KMRGSH=100.0, KMSGSH=100.0 
KMSO=2500.0, KMRSORESP=60.0, KMRSOOLF=60.0 
KMSSORESP=70.0, KMSSOOLF=70.0 
KGSHPROD=0.012, KGSHELIM=0.012, KIP=0.011, KORAL=0.015 
KFECES=0.0 
CGSHLIV0=6120.0, CGSHRICH0=2000.0, CGSHDORRESP0=1580.0 
CGSHDOROLF0=1580.0, CGSHVENRESP0=1580.0, CGSHCONAIR0=1580.0 
CGSHTRANAIR0=1580.0, CGSHPUL0=1580.0 
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	Executive Summary 
	Executive Summary 
	No-Significant-Risk-Level (NRSL) values were derived for styrene based upon the best available science. Mouse lung tumors were assessed in terms of internal dose for the target sub-tissue (AUC for styrene oxide in club cells) using a physiologically based pharmacokinetic (PBPK) model, resulting in proposed NSRL values of 2,100 (inhalation) and 5,600 (oral) µg/day for styrene. The proposed NSRL value remains adequately protective of human health. The assessment presented here is conservative since it does no

	1. Introduction 
	1. Introduction 
	Styrene was recently included in the California Proposition 65 list of chemicals known by the state of California to cause human cancer, based on the 2012 National Toxicology Program (NTP) listing of styrene as “reasonably anticipated to be a human carcinogen.” 
	When a chemical is classified as a carcinogen, quantitative dose-response analyses are typically conducted using animal bioassay or human epidemiological data to derive estimates of daily intake that would result in exposures that are below acceptable risk-based levels. Historically, extra lifetime human cancer risk has been estimated using a linear extrapolation in the low-dose region of the dose-response curve (USEPA 1986). Use of the linear approach assumed that the underlying mode of action for a chemic
	As the lead agency for implementation of the Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65), OEHHA has developed a method for determining no-significant-risk-levels (NSRLs) for potential human carcinogens, defined as “the daily intake level calculated to result in one excess case of cancer in an exposed population of 100,000, assuming lifetime exposure at the level…” (OEHHA, 2013). The CalEPA had used only a linear extrapolation approach in the derivation of NSRLs under the Propositi
	In this report, the best available science, including use of rodent and human physiologically based pharmacokinetic (PBPK) models, and consideration for pooling 
	In this report, the best available science, including use of rodent and human physiologically based pharmacokinetic (PBPK) models, and consideration for pooling 
	data sets, was used to determine inhalation and oral NSRLs. However, the analyses presented here do not take into account data on the mode of action (MOA) for styrene-induced mouse lung tumors. Analysis of MOA data indicates that unique metabolism of styrene in mouse lung produce metabolites that are cytotoxic to club cells in the terminal bronchioles. This metabolism does not take place to any meaningful extent in human lungs. These data indicate that mouse lung tumors from styrene exposure are not relevan


	2. NSRL Values Based Upon the Best Available Science 
	2. NSRL Values Based Upon the Best Available Science 
	The proposed MOA (see Section 3) was used to guide key decisions in the dose-response assessment to derive an NSRL value for styrene using the best available science. Each step of the dose-response assessment is summarized below. 
	The available dose-response data sets for styrene carcinogenesis in rodents were assembled and summarized (Table 2-1). Consideration was given to pooling data sets across routes, sex, and species by using the PBPK model to normalize them to the same internal dose measure. The pooling of data sets is consistent with approaches described in USEPA guidelines for benchmark dose methods (USEPA, 2012). Figure 2-1 demonstrates that the pooled data (oral and inhalation studies combined) describe a fairly consistent
	Data Set/Endpoint 

	(1) 
	(1) 
	(1) 
	lung tumors in male mice from a single inhalation study (Cruzan et al., 2001); 

	(2) 
	(2) 
	lung tumors in male mice from a single oral study (NCI, 1979a); 

	(3) 
	(3) 
	lung tumors in male mice combined across oral and inhalation studies (Cruzan et al., 2001; NCI, 1979a,b); 

	(4) 
	(4) 
	lung tumors in female mice from a single inhalation study (Cruzan et al., 2001); 

	(5) 
	(5) 
	lung tumors in female mice from a single oral study (NCI, 1979a); and 

	(6) 
	(6) 
	lung tumors in female mice combined across oral and inhalation studies (Cruzan et al., 2001; NCI, 1979a,b).  


	Male and female mice from the high dose group of the NCI (1979b) study, in which mice were co-exposed to nitrostyrene, were excluded from the combined data sets since inexplicably an increased incidence of lung tumors was not observed (although an increase was observed in the low-dose group). By including the control animals and low-dose group from this study, it is assumed that nitrostyrene does not contribute to the lung tumor response (i.e., lung tumor response is solely attributed to styrene exposure). 
	Although the proposed MOA for styrene carcinogenesis in mouse lung involves the formation of ring-hydroxylated metabolites (see Section 3), existing PBPK models for styrene do not yet include this metabolic pathway. For this reason, the dose-response assessment is limited to using measures for styrene oxide as a surrogate. The mouse lung tumor data were assessed in terms of three dose measures: 
	Dose Measure 

	(1). 
	(1). 
	(1). 
	external concentration (ppm air for inhalation exposures) or dose (mg/kg-day for oral exposures); 

	(2). 
	(2). 
	internal dose for cumulative tissue exposure (AUC) for styrene oxide in the target tissue (lung) as a whole as determined by a published PBPK model (Sarangapani et al., 2002); and 

	(3). 
	(3). 
	internal dose for cumulative tissue exposure (AUC) for styrene oxide in the target sub-tissue (club cells) as determined by the Sarangapani et al. PBPK model, which represents the best available science considering the proposed mode of action. The primary advantage of using the Sarangapani et al. model over the Csanady et al. model is that the former permits a characterization of internal dose in the target sub-tissue.  


	All PBPK modeling was performed using acslXtreme (AEgis Technologies; Version 3.0.2.1). Styrene model structure and parameters were used as is, and were essentially unchanged from the files received by Summit Toxicology from the author [note – the model code file (Attachment A) indicates this is a “Modified version of published Styrene model (Sarangapani et al., 2002)”, however specific modifications are not identified]. PBPK simulations for each bioassay were run to reach steady state condtions (one week) 
	All dose-response modeling was done in terms of extra risk (default). For the pooled data set analyses, the data were converted to extra risk prior to dose-response modeling to account for differences in background tumor rates in different mouse strains (e.g., B6C3F1 vs. CD-1 mice). 
	Response Measure 

	All dose-response modeling was performed using USEPA’s Benchmark Dose Software (BMDS, version 2.6). The best fitting dose-response model for each data set was selected based upon (1) visual inspection; (2) Akaike’s information criteria (AIC, lower value indicates a better fit); (3) p-value for chi-square goodness-of-fit (higher value indicates a better fit); and (4) model uncertainty (based upon the ratio of ED:LED, where a smaller value is preferred).  
	Dose-Response Model 

	For the lung tumor data sets, the dose corresponding to a 10% increase in extra risk (ED10) and its corresponding 95% lower confidence limit (LED10) were considered to be appropriate for the point of departure (POD). 
	Point of Departure 

	Interspecies Extrapolation 
	Interspecies Extrapolation 
	Interspecies Extrapolation 

	LED10 values expressed in terms of external concentration for inhalation exposures were converted to a human equivalent dose (HED) values assuming default values for inhalation rate (20 m/day) and body weight (70 kg). LED10 values expressed in terms of external dose for oral exposures were converted to a human equivalent dose (HED) values using allometric scaling (body weight raised to the ¾ power) assuming default values for body weights for mice and humans (0.030 kg and 70 kg, respectively). LED10 values 
	3


	For this assessment linear extrapolation was assumed without specific consideration of the MOA. A cancer slope factor was derived by dividing the benchmark response rate HED value. 
	Low-Dose Extrapolation 
	(10% or 0.1) by the LED10

	NSRL values were calculated from the linear cancer slope factors (SFs) using a body weight (BW) of 70 kg and a target risk (TR) of 1x10(i.e., NSRL = TR/SF*BW*1000 ug/mg). NSRLs, by definition, are based on the linear cancer slope factor and a target risk level of 1x10. 
	NSRL Calculation 
	-5 
	-5

	The dose-response modeling results are summarized in Tables 2-2 and 2-3, and are discussed below for each data set.  NSRL values are presented in Table 2-4. 
	•. 
	•. 
	•. 
	Single Inhalation Male Mouse Data Set – The dichotomous Hill model provided the best overall fit when assessed in terms of external concentration and internal dose (lung AUC SO, club cell AUC SO). Each of the three dose measures performed equally well in describing the single data set (Figure 2-3). Human equivalent doses could not be calculated for the POD expressed in terms club cell AUC, since the male mouse POD is higher than can be achieved in human tissues due to metabolic saturation. 

	•. 
	•. 
	Single Oral Male Mouse Data Set – The log-logistic model provided the best overall fit when assessed in terms of external dose and internal dose (lung AUC SO, club cell AUC SO). Each of the three dose measures performed equally well in describing the single data set (Figure 2-4). Human equivalent doses could not be calculated for the POD expressed in terms lung AUC SO, since the male mouse POD is higher than can be achieved in human tissues due to metabolic saturation. 

	•. 
	•. 
	•. 
	Combined Male Mouse Data Set – The dichotomous Hill model provided the best overall fit to the data assessed in terms of lung AUC SO, while the quantal-linear model provided the best overall fit to the data assessed in terms of club cell AUC SO (Table 2-2). Based upon visual inspection (Figure 2-5) and comparison of AIC values, the sub-tissue dose measure (club cell AUC SO) provided a more consistent description (i.e., dose-response concordance) than the whole tissue 

	dose measure (lung AUC SO) of the dose-response relationship for the combined data set. Based upon the best available dose measure (club cell AUC SO), NSRL values of 2,100 µg/day and 5,600 µg/day were calculated for inhalation and oral exposures, respectively (Table 2-4). 

	•. 
	•. 
	Single Inhalation Female Mouse Data Set – The probit, gamma, and logistic models provided the best overall fits when assessed in terms of external concentration, lung AUC SO, and club cell AUC SO, respectively (Table 2-3). Each of the three dose measures performed equally well in describing the single data set (Figure 2-3). Again, human equivalent doses could not be calculated for the POD expressed in terms club cell AUC, since the female mouse POD is higher than can be achieved in human tissues due to meta

	•. 
	•. 
	Single Oral Female Mouse Data Set – The quantal-linear model provided the best overall fit when assessed in terms of all three dose measures. Each of the three dose measures performed equally well in describing the single data set (Figure 24). Again, human equivalent doses could not be calculated for the POD expressed in terms club cell AUC, since the female mouse POD is higher than can be achieved in human tissues due to metabolic saturation. 
	-


	•. 
	•. 
	Combined Female Mouse Data Set – The log-logistic model provided the best fit to the data assessed in terms of whole tissue dose (lung AUC SO), and the Weibull model provided the best fit to the data assessed in terms of sub-tissue dose (club cell AUC SO). Based upon visual inspection (Figure 2-4) and comparison of AIC values, the sub-tissue dose (club cell AUC SO) provided a more consistent description than whole tissue dose (lung AUC SO) of the dose-response relationship for the combined data set. Again, 


	Based upon the values calculated above, NSRL values of 2,100 µg/day (inhalation) and 5,600 µg/day (oral) based on pooled lung tumor data for male mice assessed in terms of club cell dose, are proposed. These values are supported by a range of NSRL values based upon alternative dose measures (Table 2-4). More importantly, the fact that human equivalent doses could not be calculated using the sub-tissue dose measure (club cell AUC) for several data sets (i.e., POD exceeds human capacity under metabolic satura

	3.. Mode of Action 
	3.. Mode of Action 
	Mechanistic information from the published literature was reviewed to develop a plausible mode of action for styrene carcinogenesis in laboratory rodents. Styrene exposure produces lung tumors in mice, but not in rats. Pursuit of explanations for the cause for these species differences has led to the following hypothesized mode of action of styrene induced lung tumors in mice: 
	1). Delivery of styrene to the respiratory system, in particular to mouse club cells in the bronchiolar-alveolar junctions; 
	2). Metabolism of styrene by CYP2F2 in mouse club cells of the bronchiolar alveolar region forms hydroxylated-benzene-ring derivatives (e.g., 4hydroxystyrene); 
	-

	3). Hydroxylated-benzene-ring derivatives, possibly via further metabolism to reactive catechols and quinones, cause cytotoxicity and subsequent regenerative hyperplasia; and 
	4). Regenerative hyperplasia leads to cell crowding and (mostly) benign lung tumors. 
	This mode of action is informed by the following knowledge and observations of species differences in lung tumors associated with styrene and for other compounds similar to styrene (Cruzan et al., 2009).  
	CYP2E1 metabolizes styrene into 7,8-styrene oxide (SO), which does not play a significant role in mouse lung toxicity: 
	•. 
	•. 
	•. 
	Mice and rats produce significant quantities of SO following oral and inhalation exposures. Inhibiting CYP2E1 metabolism and/or exposing CYP2E1-null mice to styrene does not reduce lung toxicity. 

	•. 
	•. 
	Administration of SO in mice by the oral route did not cause lung tumors (Conti et al., 1988), despite PBPK modeling showing the levels of SO in the lung following this oral dose would be higher than those produced from inhalation exposures to 40 ppm styrene; a dose that caused lung tumors in mice. 

	•. 
	•. 
	Rats do not develop lung tumors (Figure 2-1) when exposed to styrene at levels that produce SO levels equivalent to those observed in mice at levels that produce lung tumors in mice. 

	•. 
	•. 
	Lung toxicity is not observed in CYP2F2 (-/-) mice or in humanized, CYP2F1 transgenic mice exposed to SO at doses that produce lung toxicity in wildtype mice (Cruzan et al., 2012, 2013). 


	Mouse CYP2F2 oxidation of styrene to ring-hydroxylated metabolite(s) is important to lung toxicity: 
	•. 
	•. 
	•. 
	Inhibition of CYP2F2 by 5-phenyl-1-pentyne (5P1P) eliminated both the lung and nasal cytotoxicity in CD-1 mice. In the absence of CYP2F2 activity (knockout mice), lung toxicity is not observed in mice following exposure to styrene or styrene oxide (Cruzan et al., 2012; Shen et al., 2014). 

	•. 
	•. 
	Lung toxicity is observed in CYP2F2 -/-knockout mice exposed to 4hydroxystyrene (Cruzan et al., 2013) 
	-


	•. 
	•. 
	Qualitatively similar findings have been found for other chemicals metabolized to ring-hydroxylated metabolites by CYP2F2; namely coumarin, naphthalene, ethylbenzene and cumene; all of which cause lung and nasal tumors in mice, but not rats (Cruzan et al., 2009). 

	•. 
	•. 
	Exposure of CYP2F2 (-/-) knockout mice failed to alter the expression of a large number of genes that were altered in wildtype mice following exposure to styrene (Cruzan et al., 2015). 


	Human CYP2F1 activity is not associated with lung toxicity: 
	•. 
	•. 
	•. 
	Lung toxicity is not observed in in humanized, CYP2F1 transgenic mice exposed to styrene or SO at doses that produce lung toxicity in wildtype mice (Cruzan et al., 2012, 2013). 

	•. 
	•. 
	Exposure of humanized, CYP2F1 transgenic mice failed to alter the expression of a large number of genes whose expression were altered in wildtype mice following exposure to styrene (Cruzan et al., 2015). 


	Overall, these data indicate that (1) styrene oxide formation alone does not produce lung toxicity; (2) mouse CYP2F2 activity is required for lung toxicity; and (3) human CYP2F1 activity is not associated with lung toxicity. Because lung toxicity is proposed as a key event in the mode of action for styrene-induced mouse lung tumorigenesis, these data should be used to help guide key decisions made in human health risk assessments conducted for styrene. Significant species differences exist with respect to c

	4. Discussion/Conclusion 
	4. Discussion/Conclusion 
	The assessment for styrene presented here is complicated by the lag between the proposed mode of action and PBPK model development. Specifically, current information on the mode of action for styrene lung carcinogenesis in mouse lung implicates the formation of cytotoxic, ring-hydroxylated metabolites of styrene (Cruzan et al., 2009, 2012, 2013). However, this key metabolic pathway is not included in the published PBPK models for styrene (Sarangapani et al., 2002), and is expected to result in both nonlinea
	The proposed NSRL values based upon the best available science for styrene are 2,100 and 5,600 µg/day for inhalation and oral exposures, respectively. The approximate 2-5fold difference between these values reflects the fact that inhalation exposures are more effective at delivering SO to the target sub-tissue (club cells) than are oral exposures. This assessment highlights the importance of characterizing the dose-response level at the sub-tissue level (club cell AUC) instead of whole tissue or administere
	-


	5. References 
	5. References 
	Beliles RP, Butala JH, Stack CR, Makris S. 1985. Chronic toxicity and three-generation reproduction study of styrene monomer in the drinking water of rats. Fund Appl Toxicol 5:855-868. 
	Conti B, Maltoni C, Perino G, Ciliberti A. 1988. Longterm carcinogenicity bioassays on styrene administered by inhalation, ingestion, and injection and styrene oxide administered by ingestion in Sprague-Dawley rats, and para-methylstyrene administered by ingestion in Sprague-Dawley rats and Swiss mice. Ann NY Acad Sci 203-234. 
	Cruzan G, Cushman JR, Andrews LS, Cranville GC, Johnson KA, Hardy CJ, Coombs DW, Mullins PA, Brown WR. 1998. Chronic toxicity/oncogenecity study of styrene in CD rat by inhalation exposure for 104 weeks. Tox Sci 46:266-281. 
	Cruzan G, Cushman JR, Andrews LS, Cranville GC, Johnson KA, Bevan CJ, Hardy CJ, Coombs DW, Mullins PA, Brown WR. 2001. Chronic toxicity/oncogenecity study of styrene in CD-1 mice by inhalation exposure for 104 weeks. J Appl Toxicol 21:185-198. 
	Cruzan, G., Bus, J., Banton, M., Gingell, R. and Carlson, G. (2009). Mouse specific lung tumors from CYP2F2-mediated cytotoxicity metabolism: An endpoint/toxic response where data from multiple chemicals converge to support a mode of action. Regulatory Toxicology and Pharmacology 55:205-218. 
	Cruzan G, Bus J, Hotchkiss J, Sura R, Moore C, Yost G, Banton M, Sarang S. 2013. Studies of styrene, styrene oxide and 4-hydroxystyrene toxicity in CYP2F2 knockout and CYP2F1 humanized mice support lack of human relevance for mouse lung tumors. Regul Toxicol Pharmacol. 66(1):24-9. 
	Cruzan G, Bus J, Hotchkiss J, Harkema J, Banton M, Sarang S. 2012. CYP2F2-generated metabolites, not styrene oxide, are a key event mediating the mode of action of styrene-induced mouse lung tumors. Regul Toxicol Pharmacol. 62(1):214-20. 
	Cruzan G, Bus J, Banton M, Sarang S, Dood DE, Black MB, Andersen ME. 2015. Mouse Lung Genomic Responses in Styrene-Treated Wild-Type, CYP2F2 Knockout, and CYP2F1 Humanized Mice Support the Low Human Relevance of Mouse-Specific Lung Toxicity and Tumorigenicity. Toxicologist, 1012.  
	Csanády GA, Mendrala AL, Nolan RJ, Filser JG. 1994. A physiologic pharmacokinetic model for styrene and styrene-7,8-oxide in mouse, rat and man. Arch Toxicol. 68(3):143-57. 
	Jonsson F, Johanson G. 2002. Physiologically based modeling of the inhalation kinetics of styrene in humans using a bayesian population approach. Toxicol Appl Pharmacol. 179(1):35-49. 
	NCI. 1979a. Bioassay of styrene for possible carcinogenicity. National Cancer Institute. No. 185. 
	NCI. 1979b. Bioassay of a solution of B-nitrostyrene and styrene for possible carcinogenicity. National Cancer Institute. No. 170. 
	OEHHA. 2010. Public health goal for styrene in drinking water. Office of Environmental Health Hazard Assessment. December 2010. 
	OEHHA. 2013. Title 27, California Code of Regulations. Article 7. No significant risk levels. 
	http://oehha.ca.gov/prop65/law/pdf_zip/RegsArt7.pdf 
	http://oehha.ca.gov/prop65/law/pdf_zip/RegsArt7.pdf 
	http://oehha.ca.gov/prop65/law/pdf_zip/RegsArt7.pdf 


	Sarangapani R, Teeguarden JG, Cruzan G, Clewell HJ, Andersen ME. 2002. Physiologically based pharmacokinetic modeling of styrene and styrene oxide respiratory-tract dosimetry in rodents and humans.  Inhal Toxicol 14:789-834. 
	Shen S, Li L, Ding X, Zheng J. 2014. Metabolism of styrene to styrene oxide and vinylphenols in. cytochrome P450 2F2-and P450 2E1-knockout mouse liver and lung microsomes. Chem Res Toxicol.. 27(1):27-33.. USEPA. 2012. Benchmark dose technical guidance. EPA/100/R-12/001.. 
	Zhang F, Lowe ER, Rick DL, Qiu X, Leibold E, Cruzan G, Bartels MJ. 2011. In vitro metabolism,. glutathione conjugation, and CYP isoform specificity of epoxidation of 4-vinylphenol. Xenobiotica. 2011. Jan;41(1):6-23.. 
	Table 2-1. Summary of Dose-Response Data Sets for Styrene Carcinogenesis in Laboratory Rodents 
	Table 2-1. Summary of Dose-Response Data Sets for Styrene Carcinogenesis in Laboratory Rodents 
	Table 2-1. Summary of Dose-Response Data Sets for Styrene Carcinogenesis in Laboratory Rodents 

	TR
	Tumors 

	Study 
	Study 
	Species 
	Strain 
	sex 
	Exposure Regimen 
	Dose (mg/kg-d) or Concentration (ppm) 
	-

	Alveolar/bronchiolaradenoma/carcinoma
	Hepatocellularadenoma
	Mammary glandadenoma
	Hematopoietic tumors
	Total Tumors 

	NCI 1979a 
	NCI 1979a 
	Mouse 
	B6C3F1 
	M 
	oil gavage 5 d/wk, 78 wks 
	0 
	0/20 
	1/20 
	0/20 
	0/20 
	9/20 

	150 
	150 
	6/44 
	5/48 
	0/49 
	1/49 
	14/50 

	300 
	300 
	9/43 
	7/49 
	0/50 
	1/50 
	21/50 

	F 
	F 
	0 
	0/20 
	0/20 
	0/20 
	1/20 
	2/20 

	150 
	150 
	1/43 
	1/44 
	0/50 
	4/45 
	11/50 

	300 
	300 
	3/43 
	5/43 
	0/50 
	1/50 
	10/50 

	Rat 
	Rat 
	F344 
	M 
	5 d/wk, 78 wks 
	0 
	1/39 
	1/40 
	0/40 
	1/40 
	36/40 

	5 d/wk, 103 wks 
	5 d/wk, 103 wks 
	500 
	1/49 
	0/49 
	0/50 
	2/50 
	44/50 

	5 d/wk, 78 wks 
	5 d/wk, 78 wks 
	1000 
	1/50 
	0/50 
	1/50 
	2/50 
	50/50 

	2000 
	2000 
	0/50 
	0/49 
	0/50 
	0/50 
	4/50 

	F 
	F 
	5 d/wk, 78 wks 
	0 
	0/39 
	0/39 
	5/40 
	2/40 
	23/40 

	5 d/wk, 103 wks 
	5 d/wk, 103 wks 
	500 
	2/45 
	0/49 
	3/50 
	0/50 
	25/50 

	5 d/wk, 78 wks 
	5 d/wk, 78 wks 
	1000 
	0/50 
	1/49 
	3/50 
	0/50 
	17/50 

	2000 
	2000 
	0/48 
	0/49 
	0/50 
	0/50 
	3/50 

	Beliles et al., 1985 
	Beliles et al., 1985 
	Rat 
	SD 
	M 
	drinking water 2 yrs 
	0 
	2/63 
	2/61 
	1/65 
	6/65 
	NR 

	7.7 
	7.7 
	0/22 
	1/21 
	0/23 
	1/23 
	NR 

	14 
	14 
	5/40 
	4/39 
	040 
	1/40 
	NR 

	F 
	F 
	0 
	0/93 
	6/96 
	54/96 
	5/96 
	NR 

	12 
	12 
	1/28 
	1/30 
	20/30 
	5/30 
	NR 

	21 
	21 
	0/59 
	0/58 
	45/60 
	1/60 
	NR 

	NCI 1979b 
	NCI 1979b 
	Mouse 
	B6C3F1 
	M 
	oil gavage 5d/wk for 78 wk (70% solution ST; co-exposure to 30% nitrostyrene) 
	0 
	1/20 
	6/20 
	NR 
	2/20 
	8/20 

	204 
	204 
	11/50 
	6/50 
	NR 
	1/50 
	19/50 

	408 
	408 
	2/50 
	8/50 
	NR 
	0/50 
	12/50 

	F 
	F 
	0 
	0/19 
	1/20 
	NR 
	1/20 
	2/20 

	204 
	204 
	2/49 
	1/47 
	NR 
	5/50 
	10/50 

	408 
	408 
	0/46 
	0/47 
	NR 
	2/48 
	10/50 

	Rat 
	Rat 
	F344 
	M 
	oil gavage 5d/wk for 79 wk (coexposure to Nitro styrene) 
	-

	0 
	0/19 
	0/18 
	NR 
	0/20 
	17/20 

	TR
	350 
	0/49 
	1/49 
	NR 
	1/50 
	41/50 

	TR
	700 
	0/45 
	1/46 
	NR 
	2/50 
	42/50 

	F 
	F 
	0 
	0/20 
	0/20 
	2/20 
	3/20 
	12/20 

	TR
	175 
	0/49 
	1/49 
	5/50 
	3/50 
	34/50 

	TR
	350 
	1/47 
	0/46 
	7/50 
	2/50 
	30/50 

	Conti et al. 1988 
	Conti et al. 1988 
	Rat 
	SD 
	M 
	oil gavage 5 d/wk for 52 wks 
	0 
	NR 
	NR 
	4/40 
	0/40 
	9/40 

	50 
	50 
	NR 
	NR 
	3/40 
	0/40 
	8/40 

	250 
	250 
	NR 
	NR 
	4/40 
	2/40 
	10/40 

	F 
	F 
	0 
	NR 
	NR 
	24/40 
	1/40 
	25/80 

	50 
	50 
	NR 
	NR 
	30/40 
	3/40 
	34/40 

	250 
	250 
	NR 
	NR 
	15/40 
	0/40 
	19/50 

	Cruzan et al. 2001 
	Cruzan et al. 2001 
	Mouse 
	CD-1 
	M 
	inhalation 6 hr/d, 5 d/wk, 104 wks 
	0 
	17/50 
	16/50 
	NR 
	5/38 
	38/50 

	20 
	20 
	24/50 
	11/50 
	NR 
	4/33 
	33/50 

	40 
	40 
	36/50 
	9/50 
	NR 
	4/39 
	39/50 

	80 
	80 
	30/50 
	3/50 
	NR 
	4/34 
	34/50 

	160 
	160 
	36/50 
	14/50 
	NR 
	3/44 
	44/40 

	F 
	F 
	inhalation 6 hr/d, 5 d/wk, 98 wks 
	0 
	6/50 
	1/50 
	1/47 
	7/27 
	27/50 

	20 
	20 
	16/50 
	0/50 
	IA 
	8/34 
	34/50 

	40 
	40 
	17/50 
	0/50 
	IA 
	7/37 
	37/50 

	80 
	80 
	11/50 
	1/50 
	IA 
	5/28 
	28/50 

	160 
	160 
	27/50 
	1/50 
	3/48 
	6/37 
	37/50 

	Cruzan et al. 1998 
	Cruzan et al. 1998 
	Rat 
	CD 
	M 
	inhalation 6 hr/d, 5 d/wk, 104 wks 
	0 
	0/60 
	0/60 
	0/60 
	7/60 
	NR 

	50 
	50 
	0/60 
	1/60 
	IA 
	6/60 
	NR 


	12. 
	Table
	TR
	200 
	1/60 
	0/60 
	IA 
	3/60 
	NR 

	500 
	500 
	0/54 
	1/54 
	IA 
	1/54 
	NR 

	1000 
	1000 
	0/52 
	1/52 
	0/52 
	5/52 
	NR 

	F 
	F 
	0 
	0/60 
	0/60 
	21/60 
	2/60 
	NR 

	50 
	50 
	1/60 
	1/60 
	14/44 
	2/60 
	NR 

	200 
	200 
	0/60 
	1/60 
	9/43 
	0/60 
	NR 

	500 
	500 
	0/60 
	0/60 
	7/38 
	0/60 
	NR 

	1000 
	1000 
	0/60 
	2/60 
	3/59 
	4/60 
	NR 

	Conti et al. 1988 
	Conti et al. 1988 
	Rat 
	SD 
	M 
	inhalation 4 hrs/d, 5 d/wk, 52 wks 
	0 
	NR 
	NR 
	8/60 
	3/60 
	11/60 

	25 
	25 
	NR 
	NR 
	6/30 
	2/30 
	6/30 

	50 
	50 
	NR 
	NR 
	3/30 
	1/30 
	5/30 

	100 
	100 
	NR 
	NR 
	6/30 
	3/30 
	8/30 

	200 
	200 
	NR 
	NR 
	4/30 
	0/30 
	3/30 

	300 
	300 
	NR 
	NR 
	5/30 
	2/30 
	4/30 

	F 
	F 
	0 
	NR 
	NR 
	34/60 
	3/60 
	17/60 

	25 
	25 
	NR 
	NR 
	24/30 
	2/30 
	11/30 

	50 
	50 
	NR 
	NR 
	21/30 
	2/30 
	9/30 

	100 
	100 
	NR 
	NR 
	23/30 
	0/30 
	15/30 

	200 
	200 
	NR 
	NR 
	24/30 
	0/30 
	13/30 

	300 
	300 
	NR 
	NR 
	25/30 
	1/30 
	10/30 


	NR=not reported 
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	Data Set 
	Data Set 
	Dose Measure (units) 
	Model 
	AIC 
	p-value 
	ED10 
	LED10 
	ED10/ LED10 

	Single Inhalation Data Set (Cruzan et al., 2002) 
	Single Inhalation Data Set (Cruzan et al., 2002) 
	External Concentration (ppm, discontinuous exposure) 
	Gamma 
	332.30 
	0.0326 
	19.2 
	12.6 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	327.40 
	0.332 
	18.8 
	15.3 
	1.2 

	Logistic 
	Logistic 
	333.46 
	0.0196 
	26.7 
	19.3 
	1.4 

	LogLogistic 
	LogLogistic 
	330.31 
	0.0759 
	10.9 
	6.16 
	1.8 

	Probit 
	Probit 
	333.55 
	0.0189 
	27.3 
	20.0 
	1.4 

	LogProbit 
	LogProbit 
	329.96 
	0.0996 
	1.70 
	1.64E09 
	-

	1.0E+09 

	Weibull 
	Weibull 
	332.30 
	0.0326 
	19.2 
	12.6 
	1.5 

	Multistage 
	Multistage 
	332.30 
	0.0326 
	19.2 
	12.6 
	1.5 

	Quantal-Linear 
	Quantal-Linear 
	332.30 
	0.0326 
	19.2 
	12.6 
	1.5 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	330.18 
	0.0816 
	24.0 
	16.5 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	327.40 
	0.331 
	44.7 
	36.2 
	1.2 

	Logistic 
	Logistic 
	331.52 
	0.0461 
	34.1 
	25.8 
	1.3 

	LogLogistic 
	LogLogistic 
	328.68 
	0.152 
	15.1 
	9.30 
	1.6 

	Probit 
	Probit 
	331.62 
	0.0441 
	34.7 
	26.5 
	1.3 

	LogProbit 
	LogProbit 
	330.09 
	0.0936 
	7.39 
	2.32E07 
	-

	3.2E+07 

	Weibull 
	Weibull 
	330.18 
	0.0816 
	24.0 
	16.5 
	1.5 

	Multistage 
	Multistage 
	330.18 
	0.0816 
	24.0 
	16.5 
	1.5 

	Quantal-Linear 
	Quantal-Linear 
	330.18 
	0.0816 
	24.0 
	16.5 
	1.5 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	329.60 
	0.118 
	970 
	296 
	3.3 

	Dichotomous-Hill 
	Dichotomous-Hill 
	327.68 
	0.288 
	1612 
	1306 
	1.3 

	Logistic 
	Logistic 
	327.99 
	0.197 
	510 
	427 
	1.2 

	LogLogistic 
	LogLogistic 
	329.56 
	0.121 
	1002 
	220 
	4.6 

	Probit 
	Probit 
	327.98 
	0.197 
	505 
	423 
	1.2 

	LogProbit 
	LogProbit 
	329.53 
	0.122 
	1066 
	45.4 
	23.5 

	Weibull 
	Weibull 
	329.66 
	0.115 
	880 
	296 
	3.0 

	Multistage 
	Multistage 
	329.67 
	0.115 
	885 
	295 
	3.0 

	Quantal-Linear 
	Quantal-Linear 
	328.46 
	0.160 
	383 
	283 
	1.4 

	Single Oral Data Set (NCI, 1979a) 
	Single Oral Data Set (NCI, 1979a) 
	External Dose (mg/kg-day) 
	Gamma 
	81.35 
	0.915 
	124 
	83 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	NC 
	NC 
	NC 
	NC 
	NC 

	Logistic 
	Logistic 
	85.48 
	0.210 
	204 
	158 
	1.3 

	LogLogistic 
	LogLogistic 
	81.26 
	0.954 
	117 
	75 
	1.6 

	Probit 
	Probit 
	85.25 
	0.227 
	193 
	148 
	1.3 

	LogProbit 
	LogProbit 
	83.17 
	1.000 
	96 
	NC 
	NC 

	Weibull 
	Weibull 
	81.35 
	0.915 
	124 
	83 
	1.5 

	Multistage 
	Multistage 
	81.35 
	0.915 
	124 
	83 
	1.5 

	Quantal-Linear 
	Quantal-Linear 
	81.35 
	0.915 
	124 
	83 
	1.5 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	81.79 
	0.725 
	441 
	296 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	NC 
	NC 
	NC 
	NC 
	NC 

	Logistic 
	Logistic 
	86.03 
	0.166 
	780 
	585 
	1.3 

	LogLogistic 
	LogLogistic 
	81.59 
	0.808 
	413 
	263 
	1.6 

	Probit 
	Probit 
	85.85 
	0.175 
	740 
	549 
	1.3 

	LogProbit 
	LogProbit 
	83.17 
	1.000 
	263 
	NC 
	NC 

	Weibull 
	Weibull 
	81.79 
	0.725 
	441 
	296 
	1.5 


	Table
	TR
	Multistage 
	81.79 
	0.725 
	441 
	296 
	1.5 

	Quantal-Linear 
	Quantal-Linear 
	81.79 
	0.725 
	441 
	296 
	1.5 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	81.207 
	0.983 
	96.0 
	64.5 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	NC 
	NC 
	NC 
	NC 
	NC 

	Logistic 
	Logistic 
	87.820 
	0.0484 
	156 
	129 
	1.2 

	LogLogistic 
	LogLogistic 
	81.180 
	0.996 
	91.2 
	58.3 
	1.6 

	Probit 
	Probit 
	86.830 
	0.0757 
	149 
	121 
	1.2 

	LogProbit 
	LogProbit 
	83.172 
	1.000 
	87.2 
	NC 
	NC 

	Weibull 
	Weibull 
	81.207 
	0.983 
	96.0 
	64.5 
	1.9 

	Multistage 
	Multistage 
	NC 
	NC 
	NC 
	NC 
	NC 

	Quantal-Linear 
	Quantal-Linear 
	81.207 
	0.983 
	96.0 
	64.5 
	1.5 

	Combined Data Set (Cruzan et al., 2002; NCI, 1979a,b) 
	Combined Data Set (Cruzan et al., 2002; NCI, 1979a,b) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	455.48 
	0 
	35.6 
	30.5 
	1.2 

	Dichotomous-Hill 
	Dichotomous-Hill 
	428.28 
	0 
	44.1 
	35.7 
	1.2 

	Logistic 
	Logistic 
	472.57 
	0 
	86.3 
	73.0 
	1.2 

	LogLogistic 
	LogLogistic 
	448.23 
	0 
	28.4 
	23.4 
	1.2 

	Probit 
	Probit 
	471.65 
	0 
	81.2 
	68.6 
	1.2 

	LogProbit 
	LogProbit 
	432.31 
	0 
	2.3E-15 
	NC 
	NC 

	Weibull 
	Weibull 
	455.48 
	0 
	35.6 
	30.5 
	1.2 

	Multistage 
	Multistage 
	455.48 
	0 
	35.6 
	30.5 
	1.2 

	Quantal-Linear 
	Quantal-Linear 
	455.48 
	0 
	35.6 
	30.5 
	1.2 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	398.01 
	0.0511 
	492 
	356 
	1.4 

	Dichotomous-Hill 
	Dichotomous-Hill 
	398.63 
	0.0410 
	510 
	307 
	1.7 

	Logistic 
	Logistic 
	407.34 
	0.0055 
	962 
	850 
	1.1 

	LogLogistic 
	LogLogistic 
	398.63 
	0.0410 
	510 
	307 
	1.7 

	Probit 
	Probit 
	405.82 
	0.0074 
	897 
	793 
	1.1 

	LogProbit 
	LogProbit 
	399.16 
	0.0341 
	514 
	311 
	1.7 

	Weibull 
	Weibull 
	397.91 
	0.0526 
	498 
	357 
	1.4 

	Multistage 
	Multistage 
	397.09 
	0.0679 
	500 
	367 
	1.4 

	Quantal-Linear 
	Quantal-Linear 
	396.40 
	0.0751 
	410 
	352 
	1.12 


	Bolded/Italicized rows indicate best fitting model for each dose measure. NC=not calculated 
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	Data Set 
	Data Set 
	Dose Measure (units) 
	Model 
	AIC 
	p-value 
	ED10 
	LED10 
	ED10/ LED10 

	Single Inhalation Data Set (Cruzan et al. 2002) 
	Single Inhalation Data Set (Cruzan et al. 2002) 
	External Concentration (ppm, discontinous exposure) 
	Gamma 
	298.57 
	0.0272 
	34.3 
	22.7 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	298.63 
	0.0269 
	28.5 
	15.1 
	1.9 

	Logistic 
	Logistic 
	298.50 
	0.0279 
	49.3 
	38.3 
	1.3 

	LogLogistic 
	LogLogistic 
	298.63 
	0.0269 
	28.5 
	16.9 
	1.7 

	Probit 
	Probit 
	298.50 
	0.0279 
	47.6 
	36.7 
	1.3 

	LogProbit 
	LogProbit 
	299.51 
	0.0190 
	6.57 
	1.19E-08 
	5.5E+08 

	Weibull 
	Weibull 
	298.57 
	0.0272 
	34.3 
	22.7 
	1.5 

	Multistage 
	Multistage 
	300.09 
	0.0128 
	56.3 
	23.5 
	2.4 

	Quantal-Linear 
	Quantal-Linear 
	298.57 
	0.0272 
	34.3 
	22.7 
	1.5 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	297.17 
	0.0521 
	40.9 
	28.3 
	1.4 

	Dichotomous-Hill 
	Dichotomous-Hill 
	297.19 
	0.0531 
	34.1 
	16.3 
	2.1 

	Logistic 
	Logistic 
	297.43 
	0.0447 
	61.9 
	49.6 
	1.3 

	LogLogistic 
	LogLogistic 
	297.19 
	0.0531 
	34.1 
	21.9 
	1.6 

	Probit 
	Probit 
	297.38 
	0.0456 
	59.4 
	47.3 
	1.3 

	LogProbit 
	LogProbit 
	299.07 
	0.0235 
	21.4 
	0.0034 
	6300 

	Weibull 
	Weibull 
	297.17 
	0.0521 
	40.9 
	28.3 
	1.4 

	Multistage 
	Multistage 
	298.96 
	0.0223 
	51.0 
	28.6 
	1.8 

	Quantal-Linear 
	Quantal-Linear 
	297.17 
	0.0521 
	40.9 
	28.3 
	1.4 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	299.74 
	0.0169 
	1238 
	524 
	2.4 

	Dichotomous-Hill 
	Dichotomous-Hill 
	299.78 
	0.0165 
	1256 
	319 
	3.9 

	Logistic 
	Logistic 
	297.61 
	0.0452 
	983 
	841 
	1.2 

	LogLogistic 
	LogLogistic 
	299.78 
	0.0165 
	1256 
	453 
	2.8 

	Probit 
	Probit 
	297.70 
	0.0432 
	936 
	796 
	1.2 

	LogProbit 
	LogProbit 
	299.90 
	0.0156 
	1257 
	0.0334 
	38000 

	Weibull 
	Weibull 
	299.61 
	0.0180 
	1268 
	528 
	2.4 

	Multistage 
	Multistage 
	299.34 
	0.0206 
	1158 
	537 
	2.2 

	Quantal-Linear 
	Quantal-Linear 
	298.41 
	0.0303 
	689 
	506 
	1.4 

	Single Oral Data Set (NCI, 1979a) 
	Single Oral Data Set (NCI, 1979a) 
	External Dose (mg/kg-day) 
	Gamma 
	35.26 
	1.000 
	381 
	241 
	1.6 

	Dichotomous-Hill 
	Dichotomous-Hill 
	NC 
	NC 
	NC 
	NC 
	NC 

	Logistic 
	Logistic 
	35.50 
	0.705 
	344 
	264 
	1.3 

	LogLogistic 
	LogLogistic 
	35.26 
	1.000 
	380 
	240 
	1.6 

	Probit 
	Probit 
	35.45 
	0.734 
	348 
	258 
	1.3 

	LogProbit 
	LogProbit 
	35.26 
	1.000 
	391 
	238 
	1.6 

	Weibull 
	Weibull 
	35.26 
	1.000 
	378 
	241 
	1.6 

	Multistage 
	Multistage 
	35.26 
	1.000 
	373 
	243 
	1.5 

	Quantal-Linear 
	Quantal-Linear 
	33.41 
	0.932 
	496 
	240 
	2.1 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	35.26 
	1.000 
	271 
	185 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	NC 
	NC 
	NC 
	NC 
	NC 

	Logistic 
	Logistic 
	35.43 
	0.748 
	250 
	197 
	1.3 

	LogLogistic 
	LogLogistic 
	35.26 
	1.000 
	270 
	185 
	1.5 

	Probit 
	Probit 
	35.38 
	0.784 
	253 
	194 
	1.3 

	LogProbit 
	LogProbit 
	35.26 
	1.000 
	276 
	183 
	1.5 

	Weibull 
	Weibull 
	35.26 
	1.000 
	269 
	185 
	1.5 

	Multistage 
	Multistage 
	35.26 
	1.000 
	269 
	186 
	1.4 

	Quantal-Linear 
	Quantal-Linear 
	33.51 
	0.891 
	383 
	185 
	2.1 


	Table
	TR
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	35.26 
	1.000 
	1543 
	861 
	1.8 

	Dichotomous-Hill 
	Dichotomous-Hill 
	NC 
	NC 
	NC 
	NC 
	NC 

	Logistic 
	Logistic 
	35.95 
	0.651 
	1338 
	995 
	1.3 

	LogLogistic 
	LogLogistic 
	35.26 
	1.000 
	1548 
	857 
	1.8 

	Probit 
	Probit 
	35.55 
	0.671 
	1358 
	969 
	1.4 

	LogProbit 
	LogProbit 
	35.26 
	1.000 
	1603 
	845 
	1.9 

	Weibull 
	Weibull 
	35.26 
	1.000 
	1537 
	861 
	1.8 

	Multistage 
	Multistage 
	35.26 
	1.000 
	1497 
	862 
	1.7 

	Quantal-Linear 
	Quantal-Linear 
	33.30 
	0.98 
	1768 
	858 
	2.1 

	Combined Data Set (Cruzan et al., 2002; NCI, 1979a,b) 
	Combined Data Set (Cruzan et al., 2002; NCI, 1979a,b) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	334.93 
	0 
	92.8 
	61.4 
	1.5 

	Dichotomous-Hill 
	Dichotomous-Hill 
	319.39 
	0 
	14.2 
	NC 
	NC 

	Logistic 
	Logistic 
	337.91 
	0 
	153 
	120 
	1.3 

	LogLogistic 
	LogLogistic 
	333.86 
	0 
	75.1 
	52.4 
	1.4 

	Probit 
	Probit 
	337.69 
	0 
	148 
	114 
	1.3 

	LogProbit 
	LogProbit 
	315.39 
	0 
	NC 
	NC 
	NC 

	Weibull 
	Weibull 
	334.93 
	0 
	92.8 
	61.4 
	1.5 

	Multistage 
	Multistage 
	334.93 
	0 
	92.8 
	61.4 
	1.5 

	Quantal-Linear 
	Quantal-Linear 
	334.93 
	0 
	92.8 
	61.4 
	1.5 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	Gamma 
	280.60 
	0.0477 
	1219 
	969 
	1.3 

	Dichotomous-Hill 
	Dichotomous-Hill 
	280.63 
	0.0472 
	1229 
	973 
	1.3 

	Logistic 
	Logistic 
	282.61 
	0.0284 
	1485 
	1328 
	1.1 

	LogLogistic 
	LogLogistic 
	280.63 
	0.0472 
	1229 
	973 
	1.3 

	Probit 
	Probit 
	281.57 
	0.0396 
	1413 
	1255 
	1.1 

	LogProbit 
	LogProbit 
	281.18 
	0.0372 
	1179 
	945 
	1.3 

	Weibull 
	Weibull 
	280.34 
	0.0529 
	1244 
	982 
	1.3 

	Multistage 
	Multistage 
	282.05 
	0.0318 
	1290 
	989 
	1.3 

	Quantal-Linear 
	Quantal-Linear 
	285.85 
	0.0050 
	827 
	673 
	1.2 


	Bolded/Italicized rows indicate best fitting model for each dose measure. NC=not calculated 
	Table 2-4. NSRL Values Calculated for Styrene Based on Mouse Lung Tumors 
	Table 2-4. NSRL Values Calculated for Styrene Based on Mouse Lung Tumors 
	Table 2-4. NSRL Values Calculated for Styrene Based on Mouse Lung Tumors 

	TR
	Point of Departure (POD = LED10) 
	Cancer Slope Factor (SF, per mg/kg-d)b 
	NSRLc (µg/day) 

	Data Set (sex) 
	Data Set (sex) 
	Dose Measure (units) 
	POD Value Adjusted for Discontinuous Exposure (expressed in terms of dose measure units) 
	Human Equivalent Dose via Inhalation Exposurea (mg/kgday) 
	-

	Human Equivalent Dose via Oral Exposurea (mg/kgday) 
	-

	Inhalation 
	Oral 
	Inhalation 
	Oral 

	Single Inhalation (male) 
	Single Inhalation (male) 
	External Concentration (ppm, continuous) 
	2.7 
	3.3 
	3.3 
	0.030 
	0.030 
	23 
	23 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	36.2 
	27.2 
	110.2 
	0.0037 
	0.00091 
	190 
	770 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	1306 
	Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic capacity at saturation) 

	Single Oral (male) 
	Single Oral (male) 
	External Dose (mg/kg-day, adjusted) 
	40.2 
	5.8 
	5.8 
	0.017 
	0.017 
	40 
	40 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	263 
	Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic capacity at saturation) 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	58.3 
	66.3 
	179 
	0.0015 
	0.00056 
	464 
	1260 

	Combined (male) 
	Combined (male) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	35.7 
	26.7 
	107.8 
	0.0038 
	0.00093 
	190 
	750 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	352 
	303 
	793 
	0.00033 
	0.00013 
	2100 
	5600 

	Single Inhalation (female) 
	Single Inhalation (female) 
	External Concentration (ppm, continuous) 
	6.6 
	8.0 
	8.0 
	0.013 
	0.013 
	56 
	56 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	28.3 
	18.6 
	74.3 
	0.0054 
	0.0013 
	130 
	520 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	841 
	Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic capacity at saturation) 

	Single Oral (female) 
	Single Oral (female) 
	External Dose (mg/kg-day) 
	129 
	18.5 
	18.5 
	0.0054 
	0.0054 
	130 
	130 

	Lung AUC Styrene Oxide (nmol/mL*min) 
	Lung AUC Styrene Oxide (nmol/mL*min) 
	185 
	401 
	2121 
	0.00025 
	0.000047 
	2800 
	14800 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	858 
	Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic capacity at saturation) 

	Combined 
	Combined 
	Lung AUC Styrene Oxide 
	52.4 
	48.5 
	202 
	0.0021 
	0.00050 
	340 
	1400 


	18. 
	(female) 
	(female) 
	(female) 
	(nmol/mL*min) 

	club Cell AUC Styrene Oxide (nmol/mL*min) 
	club Cell AUC Styrene Oxide (nmol/mL*min) 
	982 
	Human equivalent dose cannot be calculated (internal dose for POD exceeds human metabolic capacity at saturation) 


	Bolded/Italicized row indicates the recommended NSRL calculations 
	Bolded/Italicized row indicates the recommended NSRL calculations 
	Human equivalent doses were determined using the human PBPK model (Sarangapani et al., 2002) under approximate steady state conditions. For inhalation exposures, the PBPK model was used to calculate the air concentration (ppm) for continuous exposures that results in an internal dose corresponding to the POD. The air concentration was converted to a dose assuming default values for breathing rate (20 m/day) and body weight (70 kg). For oral exposures, the PBPK model was used to calculate the bolus oral dose
	a
	3
	b
	c
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	Figure 2-1. Dose-Response Data for Lung Tumors in Mice and Rats Exposed to Styrene 
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	20. 
	Figure 2-2. Example PBPK Simulations to Estimate Internal Dose for Styrene Cancer Bioassays (Male Mouse, Cruzan et al., 2002) 
	0 1 2 3 4 5 6 7 [Clara Cell SO] (nmol/mL) 0 ppm 20 ppm 40 ppm 80 ppm 160 ppm 
	Time (hrs) 
	21. 
	Figure 2-3. Dose-Response Modeling for Mouse Lung Tumors Using a Single Inhalation Data Set (Cruzan et al., 2002) 
	Male% Female% 
	Probit Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
	Dichotomous-Hill Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
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	Gamma Multi-Hit Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL

	Dichotomous-Hill Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
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	Dichotomous-Hill Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL Logistic Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
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	Figure 2-4. Dose-Response Modeling for Mouse Lung Tumors Using a Single Oral Data Set (NCI, 1979a) 
	Male Female 
	Quantal Linear Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
	Log-Logistic Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
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	Figure 2-5. Dose-Response Modeling for Mouse Lung Tumors Using Pooled Data Sets 
	Male% Female% 
	Dichotomous-Hill Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL Log-Logistic Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL 
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	Attachment A.  PBPK Model Code 
	Attachment A.  PBPK Model Code 

	PROGRAM: RS_Styrn.CSL --Styrene PBPK model to track R and S styrene oxide ! ! Modified version of published Styrene model (Sarangapani et al., 2002) ! ENVIRON Health Sciences Institute, Ruston, LA ! August 2003 ! ! Moved to acslXtreme in 2005 
	INITIAL ! Parameter values are the defaults for rat 
	INTEGER I, N, NumDoses, MaxRuns 
	! Air Flows (fraction of minute ventilation) CONSTANT MVC = 1.909 ! Minute ventilation (mL/min) CONSTANT FracAirDR = 0.15 ! Dorsal respiratory CONSTANT FracAirDO = 0.15 ! Dorsal olfactory CONSTANT FracAirVR = 0.85 ! Ventral respiratory 
	! Blood Flows (fraction of cardiac output) CONSTANT QCC = 1.756 ! Cardiac output (mL/min) CONSTANT QFatC = 0.07 ! Fat CONSTANT QLivC = 0.183 ! Liver CONSTANT QRichC = 0.4 ! Richly perfused tissue CONSTANT QDorRespC = 0.0002 ! Nasal dorsal respiratory CONSTANT QDorOlfC = 0.005 ! Nasal dorsal olfactory CONSTANT QVenRespC = 0.0048 ! Nasal ventral respiratory CONSTANT QConAirC = 0.021 ! Conducting airway CONSTANT QTranAirC = 0.0015 ! Transitional airway 
	! Tissue Volumes (fraction of body weight) CONSTANT BW = 250.0 ! Body weight (gm) CONSTANT VBldC = 0.075 ! Blood CONSTANT VFatC = 0.065 ! Fat CONSTANT VLivC = 0.037 ! Liver CONSTANT VPoorC = 0.6 ! Poorly perfused tissue 
	! Lumen Volumes (mL) CONSTANT VDorRespLum = 0.004 ! Dorsal respiratory CONSTANT VDorOlfLum = 0.066 ! Dorsal olfactory CONSTANT VVenRespLum = 0.18 ! Ventral respiratory CONSTANT VConAirLum = 1.13 ! Conducting airway CONSTANT VTranAirLum = 0.028 ! Transitional airway 
	! Fraction of Cell Volume Filled by ER CONSTANT Factor = 0.1 
	! Surface Areas (cm2) CONSTANT SADorResp = 0.2 ! Dorsal respiratory CONSTANT SADorOlf = 6.75 ! Dorsal olfactory CONSTANT SAVenResp = 6.3 ! Ventral respiratory CONSTANT SAConAir = 48.3 ! Conducting airway CONSTANT SATranAir = 5.5 ! Transitional airway CONSTANT SAPul = 3400.0 ! Pulmonary 
	! Tissue Thicknesses (cm) CONSTANT WMucus = 0.001 ! Mucus CONSTANT WTDorResp = 0.005 ! Dorsal respiratory CONSTANT WTDorOlf = 0.005 ! Dorsal olfactory CONSTANT WTVenResp = 0.005 ! Ventral respiratory CONSTANT WTConAir = 0.0013 ! Conducting airway CONSTANT WTTranAir = 0.001 ! Transitional airway CONSTANT WTPul = 0.000038 ! Pulmonary 
	! Blood Exchange Region Thicknesses (cm) CONSTANT WXDorResp = 0.002 ! Dorsal respiratory CONSTANT WXDorOlf = 0.002 ! Dorsal olfactory CONSTANT WXVenResp = 0.002 ! Ventral respiratory CONSTANT WXConAir = 0.005 ! Conducting airway CONSTANT WXTranAir = 0.002 ! Transitional airway 
	! Molecular Weights (g) CONSTANT MWSt = 104.0 ! Styrene CONSTANT MWSO = 120.0 ! Styrene oxide CONSTANT MWGSH = 307.3 ! GSH 
	! Diffusivity Constants (cm2/min) CONSTANT DiffTiss = 0.0002 ! Tissue-phase diffusivity CONSTANT DiffAir = 6.0 ! Air-phase diffusivity 
	! Styrene Partition Coefficients CONSTANT PBldSt = 40.0 ! Blood:air CONSTANT PFatSt = 87.0 ! Fat:blood CONSTANT PLivSt = 2.0 ! Liver:blood CONSTANT PPoorSt = 1.3 ! Poorly perfused tissue:blood CONSTANT PRichSt = 3.1 ! Richly perfused tissue:blood CONSTANT PTissSt = 1.3 ! Tissue:blood 
	! Styrene Oxide Partition Coefficients CONSTANT PBldSO = 2000.0 ! Blood:air CONSTANT PFatSO = 6.1 ! Fat:blood CONSTANT PLivSO = 2.6         ! Liver:blood CONSTANT PPoorSO = 1.5 ! Poorly perfused tissue:blood CONSTANT PRichSO = 2.6 ! Richly perfused tissue:blood CONSTANT PTissSO = 1.5 ! Tissue:blood 
	! Gas Phase Mass Transfer Coefficients (cm/min) CONSTANT kGDorResp = 19980.0 ! Dorsal respiratory CONSTANT kGDorOlf = 8040.0 ! Dorsal olfactory CONSTANT kGVenResp = 34680.0 ! Ventral respiratory CONSTANT kGConAir = 228.0 ! Conducting airway CONSTANT kGTranAir = 481.0 ! Transitional airway 
	! Maximum Metabolic Rates for P450 (nmoles/min/mL) CONSTANT VMaxLiv = 93.0 ! Liver CONSTANT VMaxRResp = 8.78 ! Respiratory tissue for R-styrene oxide CONSTANT VMaxSResp = 3.29 ! Respiratory tissue for S-styrene oxide CONSTANT VMaxROlf = 26.1 ! Olfactory tissue for R-styrene oxide CONSTANT VMaxSOlf = 8.79 ! Olfactory tissue for S-styrene oxide CONSTANT VMaxTiss = 46.4 ! club 
	! Maximum Metabolic Rates for EH (nmoles/min/mL) CONSTANT VMaxEHLiv = 1200.0 ! Liver CONSTANT VMaxREHResp = 7.6 ! Respiratory tissue for R-styrene oxide CONSTANT VMaxSEHResp = 14.8 ! Respiratory tissue for S-styrene oxide CONSTANT VMaxREHOlf = 78.8 ! Olfactory tissue for R-styrene oxide CONSTANT VMaxSEHOlf = 56.0 ! Olfactory tissue for S-styrene oxide CONSTANT VMaxEHTiss = 82.5 ! club 
	! Maximum Metabolic Rates for GST (nmoles/min/mL) CONSTANT VMaxGSHLiv = 6200.0 ! Liver CONSTANT VMaxRGSHResp = 241.0 ! Respiratory tissue for R-styrene oxide CONSTANT VMaxSGSHResp = 227.0 ! Respiratory tissue for S-styrene oxide CONSTANT VMaxRGSHOlf = 1093.0 ! Olfactory tissue for R-styrene oxide CONSTANT VMaxSGSHOlf = 704.0 ! Olfactory tissue for S-styrene oxide CONSTANT VMaxGSHTiss = 1000.0 ! club 
	! Systemic Availability of Styrene Oxide CONSTANT Frac = 0.45 ! Fraction available 
	! Affinity Constants for P450 (nmoles/mL) CONSTANT KMSt = 10.0 ! To styrene oxide CONSTANT KMRSt = 10.0 ! To R-styrene oxide CONSTANT KMSSt = 10.0 ! To S-styrene oxide 
	! Affinity Constants for EH (nmoles/mL) CONSTANT KMEH = 50.0 ! For styrene oxide CONSTANT KMREHResp = 20.0 ! In respiratory tissue for R-SO CONSTANT KMREHOlf = 40.0 ! In olfactory tissue for R-SO CONSTANT KMSEHResp = 70.0 ! In respiratory tissue for S-SO CONSTANT KMSEHOlf = 40.0 ! In olfactory tissue for S-SO 
	! Affinity Constants for GST Ping-Pong Effect --Toward GSH (nmoles/mL) CONSTANT KMGSH = 100.0 ! Styrene oxide CONSTANT KMRGSH = 100.0 ! R-styrene oxide CONSTANT KMSGSH = 100.0 ! S-styrene oxide 
	! Affinity Constants for GST Ping-Pong Effect --Toward Styrene Oxide(nmoles/mL) CONSTANT KMSO = 2500.0 ! Styrene oxide CONSTANT KMRSOResp = 60.0 ! In respiratory tissue (R-SO) CONSTANT KMRSOOlf = 60.0 ! In olfactory tissue (R-SO) CONSTANT KMSSOResp = 70.0 ! In respiratory tissue (S-SO) CONSTANT KMSSOOlf = 70.0 ! In olfactory tissue (S-SO) 
	! Miscellaneous Rates CONSTANT kGSHProd = 0.012 ! First order production rate for GSH (/min) CONSTANT kGSHElim = 0.012 ! First order basal elimination rate for GSH CONSTANT kIP = 0.011 ! 1st order absorption rate for IP CONSTANT kOral = 0.015 ! 1st order absorption rate for oral dosing CONSTANT kFeces = 0.0005 ! 1st order elim. rate for IP/Oral/Gavage 
	! Initial GSH Tissue Concentrations (nmoles/mL) CONSTANT CGSHLiv0 = 6120.0 ! Resting liver CONSTANT CGSHRich0 = 2000.0 ! Resting richly perfused tissue CONSTANT CGSHDorResp0 = 1580.0 ! Resting dorsal respiratory CONSTANT CGSHDorOlf0 = 1580.0 ! Resting dorsal olfactory CONSTANT CGSHVenResp0 = 1580.0 ! Resting ventral respiratory 
	CONSTANT CGSHConAir0 = 1580.0 ! Resting conducting airway. CONSTANT CGSHTranAir0 = 1580.0 ! Resting club cell. CONSTANT CGSHPul0 = 1580.0 ! Resting pulmonary. 
	! Dosing Parameters CONSTANT CInhPPM = 0.0 ! Inhaled Styrene concentration (ppm) CONSTANT IVDose = 0.0 ! IV dose (nmoles) CONSTANT IPDose = 0.0 ! IP dose (nmoles) CONSTANT OralDose = 0.0 ! Oral gavage dose (mg/kg/day) CONSTANT NumDoses = 3 ! Number of oral gavage doses per day CONSTANT DrinkConc = 0.0 ! Drinking water concentration (ppm) CONSTANT DrinkRate = 1.4 ! Drinking water rate in humans (1.4 mL/min) CONSTANT CCOn = 0.0 ! For closed chamber CONSTANT CCOff = 1.0 ! For closed chamber CONSTANT VCha = 640
	! Simulation Control Parameters CONSTANT MaxRuns = 1 ! Max. number of iterations for dose response CONSTANT SS = 0.0 CONSTANT TStop = 500.0 ! Total time to run simulation (min) CINTERVAL CINT = 0.1 ! Communication interval 
	VARIABLE Time = 0.0 ! Rename the independent variable. ALGORITHM IALG = 2 ! Integration method. 
	! Scaled Ventilation Rates (mL/min) QAlv = 0.67 * MV QPDorResp = FracAirDR * MV ! Dorsal respiratory QPDorOlf = FracAirDO * MV ! Dorsal olfactory QPVenResp = FracAirVR * MV ! Ventral repsiratory 
	MV = MVC * (BW**0.75) 

	! Scaled Blood Flows (mL/min) QPoorC = 1.0 -(QFatC + QLivC + QRichC + QDorRespC + QDorOlfC & 
	QC = QCC * (BW**0.75) 

	+ QVenRespC + QConAirC + QTranAirC). QFat = QFatC * QC ! Fat. QLiv = QLivC * QC ! Liver. 
	QPoor = QPoorC * QC ! Poorly perfused tissue. QRich = QRichC * QC ! Richly perfused tissue. QDorResp = QDorRespC * QC ! Nasal dorsal respiratory. QDorOlf = QDorOlfC * QC ! Nasal dorsal olfactory. QVenResp = QVenRespC * QC ! Nasal ventral respiratory. QConAir = QConAirC * QC ! Conducting airway. QTranAir = QTranAirC * QC ! Transitional airway. 
	! Nasal Tissue Volumes (mL) VDorResp = SADorResp * WTDorResp ! Dorsal respiratory VDorOlf = SADorOlf * WTDorOlf ! Dorsal olfactory 
	VVenResp = SAVenResp * WTVenResp ! Ventral respiratory. VConAir = SAConAir * WTConAir ! Conducting airway. VTranAir = SATranAir * WTTranAir ! club cell. VPul = SAPul * WTPul ! Pulmonary. 
	! Nasal Tissue Blood Exchange Volumes (mL) VXDorResp = SADorResp * WXDorResp ! Dorsal respiratory VXDorOlf = SADorOlf * WXDorOlf ! Dorsal olfactory VXVenResp = SAVenResp * WXVenResp ! Ventral respiratory VXConAir = SAConAir * WXConAir ! Conducting airway VXTranAir = SATranAir * WXTranAir ! club cell 
	! Scaled Tissue Volumes (mL) VLung = VDorResp + VDorOlf + VVenResp + VConAir + VTranAir + VPul & 
	+ VXDorResp + VXDorOlf + VXVenResp + VXConAir + VXTranAir. VLungC = VLung / BW. VRichC = 0.9 -(VBldC + VFatC + VLivC + VPoorC + VLungC). 
	VBld = VBldC * BW ! Blood. VFat = VFatC * BW ! Fat. VLiv = VLivC * BW ! Liver. 
	VPoor = VPoorC * BW ! Poorly perfused tissue. VRich = VRichC * BW ! Richly perfused tissue. 
	! Liquid Phase Mass Transfer Coefficients (cm/min) kLDorResp = (PBldSt*DiffTiss) / (WMucus/2.0) ! Dorsal respiratory kLDorOlf = (PBldSt*DiffTiss) / (WMucus/2.0) ! Dorsal olfactory kLVenResp = (PBldSt*DiffTiss) / (WMucus/2.0) ! Ventral respiratory kLConAir = (PBldSt*DiffTiss) / (WMucus/2.0) ! Conducting airway kLTranAir = (PBldSt*DiffTiss) / (WMucus/2.0) ! Transiitonal airway 
	! Tissue Mass Transfer Coefficients (cm3/min) kTDorResp = (DiffTiss*SADorResp) / ((WTDorResp/2.0) + (WXDorResp/2.0)) kTDorOlf = (DiffTiss*SADorOlf) / ((WTDorOlf/2.0) + (WXDorOlf/2.0)) kTVenResp = (DiffTiss*SAVenResp) / ((WTVenResp/2.0) + (WXVenResp/2.0)) kTConAir = (DiffTiss*SAConAir) / ((WTConAir/2.0) + (WXConAir/2.0)) kTTranAir = (DiffTiss*SATranAir) / ((WTTranAir/2.0) + (WXTranAir/2.0)) 
	! Tissue:Air Partition Coefficients PTissAirSt = PTissSt * PBldSt ! Styrene PTissAirSO = PTissSO * PBldSO ! Styrene oxide 
	! Composite Mass Transfer Coefficients (cm3/min) MTDorResp = (SADorResp * kGDorResp * kLDorResp) / (kGDorResp + kLDorResp) MTDorOlf = (SADorOlf * kGDorOlf * kLDorOlf) / (kGDorOlf + kLDorOlf) MTVenResp = (SAVenResp * kGVenResp * kLVenResp) / (kGVenResp + kLVenResp) MTConAir = (SAConAir * kGConAir * kLConAir) / (kGConAir + kLConAir) MTTranAir = (SATranAir * kGTranAir * kLTranAir) / (kGTranAir + kLTranAir) 
	! Initial GSH Tissue Amounts (nmoles) AGSHLiv0 = CGSHLiv0 * VLiv ! Liver AGSHRich0 = CGSHRich0 * VRich ! Richly perfused tissue AGSHDorResp0 = CGSHDorResp0 * VDorResp ! Dorsal respiratory AGSHDorOlf0 = CGSHDorOlf0 * VDorOlf ! Dorsal olfactory AGSHVenResp0 = CGSHVenResp0 * VVenResp ! Ventral respiratory AGSHConAir0 = CGSHConAir0 * VConAir ! Conducting airway AGSHTranAir0 = CGSHTranAir0 * VTranAir ! Transitional airway 
	AGSHPul0 = CGSHPul0 * VPul ! Pulmonary 
	! Dosing Parameters (nmoles or nmoles/min) 
	AChInit = VCha * (CInhPPM * (4.0e-2)) 
	OralGav = (OralDose * (BW/1000.0)) * (1000000.0 / MWSt) 
	kDrink = (DrinkConc * (1000.0 / MWSt)) * DrinkRate 
	! Initialize Starting Values 
	I =1 
	Dose = 0.0 
	FracRDorResp = 0.5 
	FracRDorOlf = 0.5 
	FracRVenResp = 0.5 
	DRPerExt = 0.0 DRCVenBldSt = 0.0 DRCArtBldSt = 0.0 DRCLivSt = 0.0 DRCLungSt = 0.0 DRCVenBldSO = 0.0 DRCArtBldSO = 0.0 DRCFatSO = 0.0 DRCVLivSO = 0.0 DRCLungSO = 0.0 DRCTranAirEpiSO = 0.0 
	! Start of dosing loop 
	RESTRT:Total = 0.0 
	DayExp = 1.0 
	PerExt = 0.0 
	kIV = 0.0 
	PAUCCDorRespEpiRSO = 0.0 
	PAUCCDorRespEpiSSO = 0.0 
	PAUCCDorRespEpiSO = 0.0 
	PAUCCDorOlfEpiRSO = 0.0 
	PAUCCDorOlfEpiSSO = 0.0 
	PAUCCDorOlfEpiSO = 0.0 
	PAUCCVenRespEpiRSO = 0.0 
	PAUCCVenRespEpiSSO = 0.0 
	PAUCCVenRespEpiSO = 0.0 
	END 
	DYNAMIC 
	DISCRETE DoseOn 
	INTERVAL DoseInt = 1440.0 ! Interval to repeat dosing 
	SCHEDULE DoseOff .AT. (Time+TChng) 
	IF ((Time.LT.TMax) .AND. (DayExp.LE.DaysWk)) THEN 
	CInh = CInhPPM * (4.0e-2) ! Inhaled styrene conc. (nmoles/mL) 
	ENDIF 
	IF (Time.LE.TChng) THEN 
	kIV = IVDose / TChng ! (nmoles/min) 
	ENDIF 
	ENDIF 
	IF (Time.LT.(NumDoses*DoseInt)) Total = Total + OralGav 

	DayExp = DayExp + 1.0. IF (DayExp.GT.7.0) DayExp = 0.5. 
	END 
	DISCRETE DoseOff CInh = 0.0 ! Inhaled styrene conc. (nmoles/mL) kIV = 0.0 
	END 
	DISCRETE Calc ! Calculate average AUC INTERVAL CalcInt = 10080.0 
	DAUCCDREpiRSO = (AUCCDorRespEpiRSO -PAUCCDorRespEpiRSO) / CalcInt DAUCCDREpiSSO = (AUCCDorRespEpiSSO -PAUCCDorRespEpiSSO) / CalcInt DAUCCDREpiSO = (AUCCDorRespEpiSO -PAUCCDorRespEpiSO) / CalcInt 
	DAUCCDOEpiRSO = (AUCCDorOlfEpiRSO -PAUCCDorOlfEpiRSO) / CalcInt DAUCCDOEpiSSO = (AUCCDorOlfEpiSSO -PAUCCDorOlfEpiSSO) / CalcInt DAUCCDOEpiSO = (AUCCDorOlfEpiSO -PAUCCDorOlfEpiSO) / CalcInt 
	DAUCCVREpiRSO = (AUCCVenRespEpiRSO -PAUCCVenRespEpiRSO) / CalcInt DAUCCVREpiSSO = (AUCCVenRespEpiSSO -PAUCCVenRespEpiSSO) / CalcInt DAUCCVREpiSO = (AUCCVenRespEpiSO -PAUCCVenRespEpiSO) / CalcInt 
	IF (Time.GT.0.0) THEN. PAUCCDorRespEpiRSO = AUCCDorRespEpiRSO. PAUCCDorRespEpiSSO = AUCCDorRespEpiSSO. PAUCCDorRespEpiSO = AUCCDorRespEpiSO. 
	PAUCCDorOlfEpiRSO = AUCCDorOlfEpiRSO. PAUCCDorOlfEpiSSO = AUCCDorOlfEpiSSO. PAUCCDorOlfEpiSO = AUCCDorOlfEpiSO. 
	PAUCCVenRespEpiRSO = AUCCVenRespEpiRSO. PAUCCVenRespEpiSSO = AUCCVenRespEpiSSO. PAUCCVenRespEpiSO = AUCCVenRespEpiSO. ENDIF. 
	END ! End of Calc 
	) AUCCSt1=AUCCVenBldSt 
	IF(Hours.EQ.SS

	DERIVATIVE 
	Hours = Time / 60.0 
	Days = Hours / 24.0 
	! IP Dosing RAIPSt = kIP * AIPSt AIPSt = IPDose -INTEG(RAIPSt, 0.0) 
	! Oral Dosing RAOralGav = (kOral + kFeces) * AOralGav AOralGav = Total -INTEG(RAOralGav, 0.0) 
	! Styrene Concentration in Closed Chamber 
	RACha = N * QAlv * ((CPulSt / PTissAirSt) -CCha). ACha = INTEG(RACha, AChInit). CCha = ACha / VCha. 
	CChaPPM = CCha / 0.04 ! Chamber concentration in ppm 
	! ******** STYRENE ***************************************************** 
	! Fat (CFatSt = nmoles/mL) 
	RAFatSt = QFat * (CArtBldSt -CVFatSt). AFatSt = INTEG(RAFatSt, 0.0). CFatSt = AFatSt / VFat. 
	CVFatSt = CFatSt / PFatSt 
	! Liver (CLivSt = nmoles/mL) RALivSt = (QLiv * (CArtBldSt -CVLivSt)) + RAIPSt + RAOralGav & 
	+ kDrink -RAMetLiv. ALivSt = INTEG(RALivSt, 0.0). CLivSt = ALivSt / VLiv. 
	CVLivSt = CLivSt / PLivSt 
	! Metabolism via P450 in Liver. RAMetLiv = (VLiv * VMaxLiv * CVLivSt) / (KMSt + CVLivSt). AMetLiv = INTEG(RAMetLiv, 0.0). 
	! Poorly Perfused Tissues (CPoorSt = nmoles/mL) 
	RAPoorSt = QPoor * (CArtBldSt -CVPoorSt). APoorSt = INTEG(RAPoorSt, 0.0). CPoorSt = APoorSt / VPoor. 
	CVPoorSt = CPoorSt / PPoorSt 
	! Richly Perfused Tissue (CRichSt = nmoles/mL) 
	RARichSt = QRich * (CArtBldSt -CVRichSt). ARichSt = INTEG(RARichSt, 0.0). CRichSt = ARichSt / VRich. 
	CVRichSt = CRichSt / PRichSt 
	! Venous Blood (CVenBldSt = nmoles/mL) RAVenBldSt = ((QFat*CVFatSt) + (QLiv*CVLivSt) + (QPoor*CVPoorSt) & 
	+ 
	+ 
	+ 
	(QRich*CVRichSt) + (QDorResp*CFDorRespSubSt) & 

	+ 
	+ 
	(QDorOlf*CFDorOlfSubSt) + (QVenResp*CFVenRespSubSt) & 

	+ 
	+ 
	(QConAir*CFConAirSubSt) + (QTranAir*CFTranAirSubSt)) + kIV & 


	-(QC*CVenBldSt). AVenBldSt = INTEG(RAVenBldSt, 0.0). CVenBldSt = AVenBldSt / VBld. 
	AUCCVenBldSt = INTEG(CVenBldSt, 0.0) 
	! ******** STYRENE NASAL REGIONS *************************************** 
	! ******** DORSAL RESPIRATORY REGION *********************************** ! Lumen (conc = nmoles/mL) 
	RADorRespLumSt = (QPDorResp * ((CCOn*CCha) + (CCOff*CInh))) &. -(QPDorResp * CDorRespLumSt) &. -(MTDorResp * (CDorRespLumSt -(CDorRespEpiSt/PTissAirSt))). 
	ADorRespLumSt = INTEG(RADorRespLumSt, 0.0). CDorRespLumSt = ADorRespLumSt / VDorRespLum. 
	! Epithelium (conc = nmoles/mL) RADorRespEpiSt = (MTDorResp * CDorRespLumSt) & -(MTDorResp * (CDorRespEpiSt/PTissAirSt))& 
	+ (kTDorResp * (CFDorRespSubSt -CFDorRespEpiSt)) & 
	-RAMetDorRespR -RAMetDorRespS. ADorRespEpiSt = INTEG(RADorRespEpiSt, 0.0). CDorRespEpiSt = ADorRespEpiSt / VDorResp. 
	CFDorRespEpiSt = CDorRespEpiSt / PTissSt ! Free concentration 
	! Metabolism via P450 in Epithelium to R-SO. RAMetDorRespR = (VDorResp * VMaxRResp * CFDorRespEpiSt) / &. (KMRSt + CFDorRespEpiSt). AMetDorRespR = INTEG(RAMetDorRespR, 0.0). 
	! Metabolism via P450 in Epithelium to S-SO. RAMetDorRespS = (VDorResp * VMaxSResp * CFDorRespEpiSt) / &. (KMSSt + CFDorRespEpiSt). AMetDorRespS = INTEG(RAMetDorRespS, 0.0). 
	! Submucosa (conc = nmoles/mL) RADorRespSubSt = (QDorResp * (CArtBldSt -CFDorRespSubSt)) & 
	-(kTDorResp * (CFDorRespSubSt -CFDorRespEpiSt)). ADorRespSubSt = INTEG(RADorRespSubSt, 0.0). CDorRespSubSt = ADorRespSubSt / VXDorResp. 
	CFDorRespSubSt = CDorRespSubSt / PTissSt ! Free concentration 
	! ******** DORSAL OLFACTORY REGION ************************************* ! Lumen (conc = nmoles/mL) RADorOlfLumSt = (QPDorOlf * (CDorRespLumSt -CDorOlfLumSt)) & 
	-(MTDorOlf * (CDorOlfLumSt -(CDorOlfEpiSt/PTissAirSt))). ADorOlfLumSt = INTEG(RADorOlfLumSt, 0.0). CDorOlfLumSt = ADorOlfLumSt / VDorOlfLum. 
	! Epithelium (conc = nmoles/mL) RADorOlfEpiSt = (MTDorOlf * (CDorOlfLumSt -(CDorOlfEpiSt/PTissAirSt))) & 
	+ (kTDorOlf * (CFDorOlfSubSt -CFDorOlfEpiSt)) & 
	-RAMetDorOlfR -RAMetDorOlfS. ADorOlfEpiSt = INTEG(RADorOlfEpiSt, 0.0). CDorOlfEpiSt = ADorOlfEpiSt / VDorOlf. 
	CFDorOlfEpiSt = CDorOlfEpiSt / PTissSt ! Free concentration 
	! Metabolism via P450 in Epithelium to R-SO 
	RAMetDorOlfR = (VDorOlf * VMaxROlf * CFDorOlfEpiSt) / &. (KMRSt + CFDorOlfEpiSt). AMetDorOlfR = INTEG(RAMetDorOlfR, 0.0). 
	! Metabolism via P450 in Epithelium to S-SO. RAMetDorOlfS = (VDorOlf * VMaxSOlf * CFDorOlfEpiSt) / &. (KMSSt + CFDorOlfEpiSt). AMetDorOlfS = INTEG(RAMetDorOlfS, 0.0). 
	! Submucosa (conc = nmoles/mL) RADorOlfSubSt = (QDorOlf * (CArtBldSt -CFDorOlfSubSt)) & 
	-(kTDorOlf * (CFDorOlfSubSt -CFDorOlfEpiSt)). ADorOlfSubSt = INTEG(RADorOlfSubSt, 0.0). CDorOlfSubSt = ADorOlfSubSt / VXDorOlf. 
	CFDorOlfSubSt = CDorOlfSubSt / PTissSt ! Free concentration 
	! ******** VENTRAL RESPIRATORY REGION ********************************** ! Lumen (conc = nmoles/mL) 
	RAVenRespLumSt = (QPVenResp * ((CCOn*CCha) + (CCOff*CInh))) &. -(QPVenResp * CVenRespLumSt) &. -(MTVenResp * (CVenRespLumSt -(CVenRespEpiSt/PTissAirSt))). 
	AVenRespLumSt = INTEG(RAVenRespLumSt, 0.0). CVenRespLumSt = AVenRespLumSt / VVenRespLum. 
	! Epithelium (conc = nmoles/mL) RAVenRespEpiSt = (MTVenResp * CVenRespLumSt) & -(MTVenResp * (CVenRespEpiSt/PTissAirSt)) & 
	+ (kTVenResp * (CFVenRespSubSt -CFVenRespEpiSt)) & 
	-RAMetVenRespR -RAMetVenRespS. AVenRespEpiSt = INTEG(RAVenRespEpiSt, 0.0). CVenRespEpiSt = AVenRespEpiSt / VVenResp. 
	CFVenRespEpiSt = CVenRespEpiSt / PTissSt ! Free concentration 
	! Metabolism via P450 in Epithelium to R-SO. RAMetVenRespR = (VVenResp * VMaxRResp * CFVenRespEpiSt) / &. (KMRSt + CFVenRespEpiSt). AMetVenRespR = INTEG(RAMetVenRespR, 0.0). 
	! Metabolism via P450 in Epithelium to S-SO. RAMetVenRespS = (VVenResp * VMaxSResp * CFVenRespEpiSt) / &. (KMSSt + CFVenRespEpiSt). AMetVenRespS = INTEG(RAMetVenRespS, 0.0). 
	! Submucosa (conc = nmoles/mL) RAVenRespSubSt = (QVenResp * (CArtBldSt -CFVenRespSubSt)) & 
	-(kTVenResp * (CFVenRespSubSt -CFVenRespEpiSt)). AVenRespSubSt = INTEG(RAVenRespSubSt, 0.0). CVenRespSubSt = AVenRespSubSt / VXVenResp. 
	CFVenRespSubSt = CVenRespSubSt / PTissSt ! Free concentration 
	! ******** UPPER RESPIRATORY TRACT ************************************* 
	CURTSt = ((QPVenResp * CVenRespLumSt) + (QPDorOlf * CDorOlfLumSt)) / & (QPVenResp + QPDorOlf) 
	! Percent Extraction IF (CInhPPM.GT.0.0) PerExt = 100.0*(((CInhPPM*0.04)-
	CURTSt) / (CInhPPM*0.04)) 

	! ******** CONDUCTING AIRWAYS ****************************************** ! Lumen (conc = nmoles/mL) RAConAirLumSt = ((QPVenResp + QPDorOlf) * (CURTSt -CConAirLumSt)) & 
	-(MTConAir * (CConAirLumSt -(CConAirEpiSt/PTissAirSt))). AConAirLumSt = INTEG(RAConAirLumSt, 0.0). CConAirLumSt = AConAirLumSt / VConAirLum. 
	! Epithelium (conc = nmoles/mL) RAConAirEpiSt = (MTConAir * (CConAirLumSt -(CConAirEpiSt/PTissAirSt))) & 
	+ (kTConAir * (CFConAirSubSt -CFConAirEpiSt)). AConAirEpiSt = INTEG(RAConAirEpiSt, 0.0). CConAirEpiSt = AConAirEpiSt / VConAir. 
	CFConAirEpiSt = CConAirEpiSt / PTissSt ! Free concentration 
	! Submucosa (conc = nmoles/mL) RAConAirSubSt = (QConAir * (CArtBldSt -CFConAirSubSt)) & 
	-(kTConAir * (CFConAirSubSt -CFConAirEpiSt)). AConAirSubSt = INTEG(RAConAirSubSt, 0.0). CConAirSubSt = AConAirSubSt / VXConAir. 
	CFConAirSubSt = CConAirSubSt / PTissSt 
	! ******** TRANSITIONAL AIRWAYS **************************************** ! Lumen (conc = nmoles/mL) RATranAirLumSt = (QAlv * (CConAirLumSt -CTranAirLumSt)) & 
	-(MTTranAir * (CTranAirLumSt -(CTranAirEpiSt/PTissAirSt))). ATranAirLumSt = INTEG(RATranAirLumSt, 0.0). CTranAirLumSt = ATranAirLumSt / VTranAirLum. 
	! Epithelium (conc = nmoles/mL) RATranAirEpiSt = (MTTranAir * CTranAirLumSt) & -(MTTranAir * (CTranAirEpiSt/PTissAirSt)) & 
	+ (kTTranAir * (CFTranAirSubSt -CFTranAirEpiSt)) & 
	-RAMetTranAir. ATranAirEpiSt = INTEG(RATranAirEpiSt, 0.0). CTranAirEpiSt = ATranAirEpiSt / VTranAir. 
	CFTranAirEpiSt = CTranAirEpiSt / PTissSt ! Free concentration 
	! Metabolism via P450 in Epithelium. RAMetTranAir = (VTranAir * VMaxTiss * CFTranAirEpiSt) / &. (KMSt + CFTranAirEpiSt). AMetTranAir = INTEG(RAMetTranAir, 0.0). 
	! Submucosa (conc = nmoles/mL) RATranAirSubSt = (QTranAir * (CArtBldSt -CFTranAirSubSt)) & -(kTTranAir * (CFTranAirSubSt -CFTranAirEpiSt)) ATranAirSubSt = INTEG(RATranAirSubSt, 0.0) 
	CTranAirSubSt = ATranAirSubSt / VXTranAir. CFTranAirSubSt = CTranAirSubSt / PTissSt ! Free concentration. 
	! ******** PULMONARY REGION ******************************************** RAPulSt = (QAlv * (CTranAirLumSt -(CPulSt / PTissAirSt))) & 
	-(QC * (CArtBldSt -CVenBldSt)). APulSt = INTEG(RAPulSt, 0.0). CPulSt = APulSt / VPul. 
	CArtBldSt = CPulSt / PTissSt. AUCCArtBldSt = INTEG(CArtBldSt, 0.0). 
	! ******** LUNG ******************************************************** CLungSt = ((VPul*CPulSt) + (VTranAir*CFTranAirSubSt) & 
	+ (VConAir*CFConAirSubSt)) / (VPul + VConAir + VTranAir) 
	! ******** STYRENE OXIDE *********************************************** 
	! Fat (CFatSO = nmoles/mL) 
	RAFatSO = QFat * (CArtBldSO -CVFatSO). AFatSO = INTEG(RAFatSO, 0.0). CFatSO = AFatSO / VFat. 
	CVFatSO = CFatSO / PFatSO 
	! Liver (CLivSO = nmoles/mL) RALivSO = (QLiv * (CArtBldSO -CVLivSO)) + (Frac*RAMetLiv) & 
	-RAMetLivGSH -RAMetLivEH. ALivSO = INTEG(RALivSO, 0.0). CLivSO = ALivSO / ((1-Factor) * VLiv). 
	CVLivSO = CLivSO / PLivSO 
	! Production and Elimination of GSH in Liver RAGSHLiv = (kGSHProd * VLiv * CGSHLiv0) -(kGSHElim * VLiv * CGSHLiv)& 
	-RAMetLivGSH. AGSHLiv = INTEG(RAGSHLiv, AGSHLiv0). CGSHLiv = AGSHLiv / VLiv. 
	! Metabolism of Styrene Oxide via EH in Liver. RAMetLivEH = (VLiv * VMaxEHLiv * CVLivSO) / (KMEH + CVLivSO). AMetLivEH = INTEG(RAMetLivEH, 0.0). 
	! Metabolism of Styrene Oxide via GSH in Liver. RAMetLivGSH = (VLiv * VMaxGSHLiv * CVLivSO * CGSHLiv) / &. ((KMGSH*CVLivSO) + (KMSO*CGSHLiv) + (CVLivSO*CGSHLiv)). AMetLivGSH = INTEG(RAMetLivGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Liver. AMetLivSO = INTEG((RAMetLivEH + RAMetLivGSH), 0.0). 
	! Poorly Perfused Tissues (CPoorSO = nmoles/mL) 
	RAPoorSO = QPoor * (CArtBldSO -CVPoorSO). APoorSO = INTEG(RAPoorSO, 0.0). CPoorSO = APoorSO / VPoor. 
	CVPoorSO = CPoorSO / PPoorSO 
	! Richly Perfused Tissue (CRichSO = nmoles/mL) 
	RARichSO = (QRich * (CArtBldSO -CVRichSO)). ARichSO = INTEG(RARichSO, 0.0). CRichSO = ARichSO / VRich. 
	CVRichSO = CRichSO / PRichSO 
	! Production and Elimination of GSH in Richly Perfused Tissues. RAGSHRich = (kGSHProd * VRich * CGSHRich0) &. -(kGSHElim * VRich * CGSHRP). AGSHRich = INTEG(RAGSHRich, AGSHRich0). CGSHRP = AGSHRich / VRich. 
	! Venous Blood (CVenBldSt = nmoles/mL) RAVenBldSO = ((QFat*CVFatSO) + (QLiv*CVLivSO) + (QPoor*CVPoorSO) & 
	+ 
	+ 
	+ 
	(QRich*CVRichSO) + (QDorResp*CFDorRespSubSO) & 

	+ 
	+ 
	(QDorOlf*CFDorOlfSubSO) + (QVenResp*CFVenRespSubSO) & 

	+ 
	+ 
	(QConAir*CFConAirSubSO) + (QTranAir*CFTranAirSubSO)) & 


	-(QC*CVenBldSO). AVenBldSO = INTEG(RAVenBldSO, 0.0). CVenBldSO = AVenBldSO / VBld. 
	! ******** STYRENE OXIDE NASAL REGIONS ********************************* 
	! ******** DORSAL RESPIRATORY REGION *********************************** 
	! Production and Elimination of GSH 
	RAGSHDorResp = (kGSHProd * VDorResp * CGSHDorResp0) &. -(kGSHElim * VDorResp * CGSHDorResp) &. -RAMetDorRespRGSH -RAMetDorRespSGSH. 
	AGSHDorResp = INTEG(RAGSHDorResp, AGSHDorResp0). CGSHDorResp = AGSHDorResp / VDorResp. 
	! Total Styrene Oxide in Epithelium (conc = nmoles/mL) ADorRespEpiSO = ADorRespEpiRSO + ADorRespEpiSSO CDorRespEpiSO = ADorRespEpiSO / VDorResp 
	CFDorRespEpiSO = CDorRespEpiSO / PTissSO ! Free concentration. AUCCDorRespEpiSO = INTEG(CDorRespEpiSO, 0.0). 
	! Fractional division for R and S Styrene Oxide IF ((Time.GT.0.0) .AND. (CDorRespEpiSO.GT.0.0)) THEN FracRDorResp = CDorRespEpiRSO / CDorRespEpiSO ENDIF FracSDorResp = 1.0 -FracRDorResp 
	! R-Styrene Oxide in Epithelium (conc = nmoles/mL) RADorRespEpiRSO = (Frac * RAMetDorRespR) & 
	+ (kTDorResp * (FracRDorResp * CFDorRespSubSO)) &. -(kTDorResp * CFDorRespEpiRSO) &. -RAMetDorRespREH -RAMetDorRespRGSH. 
	ADorRespEpiRSO = INTEG(RADorRespEpiRSO, 0.0) CDorRespEpiRSO = ADorRespEpiRSO / VDorResp CFDorRespEpiRSO = CDorRespEpiRSO / PTissSO ! Free concentration AUCCDorRespEpiRSO = INTEG(CDorRespEpiRSO, 0.0) 
	! Metabolism via EH in Epithelium. RAMetDorRespREH = (VDorResp * VMaxREHResp * CFDorRespEpiRSO) / &. (KMREHResp + CFDorRespEpiRSO). AMetDorRespREH = INTEG(RAMetDorRespREH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetDorRespRGSH = (VDorResp * VMaxRGSHResp * CFDorRespEpiRSO*CGSHDorResp)/& ((KMRGSH * CFDorRespEpiRSO) + (KMRSOResp * CGSHDorResp) & 
	+ (CFDorRespEpiRSO * CGSHDorResp)). AMetDorRespRGSH = INTEG(RAMetDorRespRGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetDorRespRSO = INTEG((RAMetDorRespREH + RAMetDorRespRGSH), 0.0). 
	! S-Styrene Oxide in Epithelium (conc = nmoles/mL) RADorRespEpiSSO = (Frac * RAMetDorRespS) & 
	+ (kTDorResp * (FracSDorResp * CFDorRespSubSO)) &. -(kTDorResp * CFDorRespEpiSSO) &. -RAMetDorRespSEH -RAMetDorRespSGSH. 
	ADorRespEpiSSO = INTEG(RADorRespEpiSSO, 0.0) CDorRespEpiSSO = ADorRespEpiSSO / VDorResp CFDorRespEpiSSO = CDorRespEpiSSO / PTissSO ! Free concentration AUCCDorRespEpiSSO = INTEG(CDorRespEpiSSO, 0.0) 
	! Metabolism via EH in Epithelium. RAMetDorRespSEH = (VDorResp * VMaxSEHResp * CFDorRespEpiSSO) / &. (KMSEHResp + CFDorRespEpiSSO). AMetDorRespSEH = INTEG(RAMetDorRespSEH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetDorRespSGSH = (VDorResp * VMaxSGSHResp * CFDorRespEpiSSO*CGSHDorResp)/& ((KMSGSH * CFDorRespEpiSSO) + (KMSSOResp * CGSHDorResp) & 
	+ (CFDorRespEpiSSO * CGSHDorResp)). AMetDorRespSGSH = INTEG(RAMetDorRespSGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetDorRespSSO = INTEG((RAMetDorRespSEH + RAMetDorRespSGSH), 0.0). 
	! Submucosa (conc = nmoles/mL) 
	RADorRespSubSO = (QDorResp * (CArtBldSO -CFDorRespSubSO)) &. -(kTDorResp * (CFDorRespSubSO -CFDorRespEpiRSO &. -CFDorRespEpiSSO)). 
	ADorRespSubSO = INTEG(RADorRespSubSO, 0.0). CDorRespSubSO = ADorRespSubSO / VXDorResp. CFDorRespSubSO = CDorRespSubSO / PTissSO ! Free concentration. 
	! ******** DORSAL OLFACTORY REGION ************************************* ! Production and Elimination of GSH 
	RAGSHDorOlf = (kGSHProd * VDorOlf * CGSHDorOlf0) &. -(kGSHElim * VDorOlf * CGSHDorOlf) &. -RAMetDorOlfRGSH -RAMetDorOlfSGSH. 
	AGSHDorOlf = INTEG(RAGSHDorOlf, AGSHDorOlf0). CGSHDorOlf = AGSHDorOlf / VDorOlf. 
	! Total Styrene Oxide in Epithelium (conc = nmoles/mL) ADorOlfEpiSO = ADorOlfEpiRSO + ADorOlfEpiSSO CDorOlfEpiSO = ADorOlfEpiSO / VDorOlf 
	CFDorOlfEpiSO = CDorOlfEpiSO / PTissSO ! Free concentration. AUCCDorOlfEpiSO = INTEG(CDorOlfEpiSO, 0.0). 
	! Fractional division for R and S Styrene Oxide IF ((Time.GT.0.0) .AND. (CDorOlfEpiSO.GT.0.0)) THEN FracRDorOlf = CDorOlfEpiRSO / CDorOlfEpiSO ENDIF FracSDorOlf = 1.0 -FracRDorOlf 
	! R-Styrene Oxide in Epithelium (conc = nmoles/mL) RADorOlfEpiRSO = (Frac * RAMetDorOlfR) & 
	+ (kTDorOlf * (FracRDorOlf * CFDorOlfSubSO)) &. -(kTDorOlf * CFDorOlfEpiRSO) &. -RAMetDorOlfREH -RAMetDorOlfRGSH. 
	ADorOlfEpiRSO = INTEG(RADorOlfEpiRSO, 0.0). CDorOlfEpiRSO = ADorOlfEpiRSO / VDorOlf. CFDorOlfEpiRSO = CDorOlfEpiRSO / PTissSO ! Free concentration. AUCCDorOlfEpiRSO = INTEG(CDorOlfEpiRSO, 0.0). 
	! Metabolism via EH in Epithelium. RAMetDorOlfREH = (VDorOlf * VMaxREHOlf * CFDorOlfEpiRSO) / &. (KMREHOlf + CFDorOlfEpiRSO). AMetDorOlfREH = INTEG(RAMetDorOlfREH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetDorOlfRGSH = (VDorOlf * VMaxRGSHOlf * CFDorOlfEpiRSO * CGSHDorOlf) / & ((KMRGSH * CFDorOlfEpiRSO) + (KMRSOOlf * CGSHDorOlf) & 
	+ (CFDorOlfEpiRSO * CGSHDorOlf)). AMetDorOlfRGSH = INTEG(RAMetDorOlfRGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetDorOlfRSO = INTEG((RAMetDorOlfREH + RAMetDorOlfRGSH), 0.0). 
	! S-Styrene Oxide in Epithelium (conc = nmoles/mL) RADorOlfEpiSSO = (Frac * RAMetDorOlfS) & 
	+ (kTDorOlf * (FracSDorOlf * CFDorOlfSubSO)) &. -(kTDorOlf * CFDorOlfEpiSSO) &. -RAMetDorOlfSEH -RAMetDorOlfSGSH. 
	ADorOlfEpiSSO = INTEG(RADorOlfEpiSSO, 0.0). CDorOlfEpiSSO = ADorOlfEpiSSO / VDorOlf. CFDorOlfEpiSSO = CDorOlfEpiSSO / PTissSO ! Free concentration. AUCCDorOlfEpiSSO = INTEG(CDorOlfEpiSSO, 0.0). 
	! Metabolism via EH in Epithelium. RAMetDorOlfSEH = (VDorOlf * VMaxSEHOlf * CFDorOlfEpiSSO) / &. (KMSEHOlf + CFDorOlfEpiSSO). AMetDorOlfSEH = INTEG(RAMetDorOlfSEH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetDorOlfSGSH = (VDorOlf * VMaxSGSHOlf * CFDorOlfEpiSSO * CGSHDorOlf) / & ((KMSGSH * CFDorOlfEpiSSO) + (KMSSOOlf * CGSHDorOlf) & 
	+ (CFDorOlfEpiSSO * CGSHDorOlf)). AMetDorOlfSGSH = INTEG(RAMetDorOlfSGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetDorOlfSSO = INTEG((RAMetDorOlfSEH + RAMetDorOlfSGSH), 0.0). 
	! Submucosa (conc = nmoles/mL) 
	RADorOlfSubSO = (QDorOlf * (CArtBldSO -CFDorOlfSubSO)) &. -(kTDorOlf * (CFDorOlfSubSO -CFDorOlfEpiRSO &. -CFDorOlfEpiSSO)). 
	ADorOlfSubSO = INTEG(RADorOlfSubSO, 0.0). CDorOlfSubSO = ADorOlfSubSO / VXDorOlf. CFDorOlfSubSO = CDorOlfSubSO / PTissSO ! Free concentration. 
	! ******** VENTRAL RESPIRATORY REGION ********************************** ! Production and Elimination of GSH in Ventral Respiratory Region 
	RAGSHVenResp = (kGSHProd * VVenResp * CGSHVenResp0) &. -(kGSHElim * VVenResp * CGSHVenResp) &. -RAMetVenRespRGSH -RAMetVenRespSGSH. 
	AGSHVenResp = INTEG(RAGSHVenResp, AGSHVenResp0). CGSHVenResp = AGSHVenResp / VVenResp. 
	! Total Styrene Oxide in Epithelium (conc = nmoles/mL) AVenRespEpiSO = AVenRespEpiRSO + AVenRespEpiSSO CVenRespEpiSO = AVenRespEpiSO / VVenResp 
	CFVenRespEpiSO = CVenRespEpiSO / PTissSO ! Free concentration. AUCCVenRespEpiSO = INTEG(CVenRespEpiSO, 0.0). 
	! Fractional division for R and S Styrene Oxide IF ((Time.GT.0.0) .AND. (CVenRespEpiSO.GT.0.0)) THEN FracRVenResp = CVenRespEpiRSO / CVenRespEpiSO ENDIF FracSVenResp = 1.0 -FracRVenResp 
	! R-Styrene Oxide in Epithelium (conc = nmoles/mL) RAVenRespEpiRSO = (Frac * RAMetVenRespR) & 
	+ (kTVenResp * (FracRVenResp * CFVenRespSubSO)) &. -(kTVenResp * CFVenRespEpiRSO) &. -RAMetVenRespREH -RAMetVenRespRGSH. 
	AVenRespEpiRSO = INTEG(RAVenRespEpiRSO, 0.0) CVenRespEpiRSO = AVenRespEpiRSO / VVenResp CFVenRespEpiRSO = CVenRespEpiRSO / PTissSO ! Free concentration AUCCVenRespEpiRSO = INTEG(CVenRespEpiRSO, 0.0) 
	! Metabolism via EH in Epithelium. RAMetVenRespREH = (VVenResp * VMaxREHResp * CFVenRespEpiRSO) / &. (KMREHResp + CFVenRespEpiRSO). AMetVenRespREH = INTEG(RAMetVenRespREH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetVenRespRGSH = (VVenResp*VMaxRGSHResp * CFVenRespEpiRSO * CGSHVenResp)/& ((KMRGSH * CFVenRespEpiRSO) + (KMRSOResp * CGSHVenResp) & 
	+ (CFVenRespEpiRSO * CGSHVenResp)). AMetVenRespRGSH = INTEG(RAMetVenRespRGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetVenRespRSO = INTEG((RAMetVenRespREH + RAMetVenRespRGSH), 0.0). 
	! S-Styrene Oxide in Epithelium (conc = nmoles/mL) RAVenRespEpiSSO = (Frac * RAMetVenRespS) & 
	+ (kTVenResp * (FracSVenResp * CFVenRespSubSO)) &. -(kTVenResp * CFVenRespEpiSSO) &. -RAMetVenRespSEH -RAMetVenRespSGSH. 
	AVenRespEpiSSO = INTEG(RAVenRespEpiSSO, 0.0) CVenRespEpiSSO = AVenRespEpiSSO / VVenResp CFVenRespEpiSSO = CVenRespEpiSSO / PTissSO ! Free concentration AUCCVenRespEpiSSO = INTEG(CVenRespEpiSSO, 0.0) 
	! Metabolism via EH in Epithelium. RAMetVenRespSEH = (VVenResp * VMaxSEHResp * CFVenRespEpiSSO) / &. (KMSEHResp + CFVenRespEpiSSO). AMetVenRespSEH = INTEG(RAMetVenRespSEH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetVenRespSGSH = (VVenResp*VMaxSGSHResp * CFVenRespEpiSSO * CGSHVenResp)/& ((KMSGSH * CFVenRespEpiSSO) + (KMSSOResp * CGSHVenResp) & 
	+ (CFVenRespEpiSSO * CGSHVenResp)). AMetVenRespSGSH = INTEG(RAMetVenRespSGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetVenRespSSO = INTEG((RAMetVenRespSEH + RAMetVenRespSGSH), 0.0). 
	! Submucosa (conc = nmoles/mL) 
	RAVenRespSubSO = (QVenResp * (CArtBldSO -CFVenRespSubSO)) &. -(kTVenResp * (CFVenRespSubSO -CFVenRespEpiRSO &. -CFVenRespEpiSSO)). 
	AVenRespSubSO = INTEG(RAVenRespSubSO, 0.0). CVenRespSubSO = AVenRespSubSO / VXVenResp. CFVenRespSubSO = CVenRespSubSO / PTissSO ! Free concentration. 
	! ******** CONDUCTING AIRWAYS ****************************************** ! Epithelium (conc = nmoles/mL) 
	RAConAirEpiSO = (kTConAir * (CFConAirSubSO -CFConAirEpiSO)). AConAirEpiSO = INTEG(RAConAirEpiSO, 0.0). CConAirEpiSO = AConAirEpiSO / VConAir. 
	CFConAirEpiSO = CConAirEpiSO / PTissSO ! Free concentration 
	! Submucosa (conc = nmoles/mL) RAConAirSubSO = (QConAir * (CArtBldSO -CFConAirSubSO)) & -(kTConAir * (CFConAirSubSO -CFConAirEpiSO)) AConAirSubSO = INTEG(RAConAirSubSO, 0.0) CConAirSubSO = AConAirSubSO / VXConAir CFConAirSubSO = CConAirSubSO / PTissSO ! Free concentration 
	! Production and Elimination of GSH. RAGSHConAir = (kGSHProd * VConAir * CGSHConAir0) &. 
	-(kGSHElim * VConAir * CGSHConAir). AGSHConAir = INTEG(RAGSHConAir, AGSHConAir0). CGSHConAir = AGSHConAir / VConAir. 
	! ******** TRANSITIONAL AIRWAYS **************************************** 
	! Epithelium (conc = nmoles/mL) RATranAirEpiSO = (Frac * RAMetTranAir) & 
	+ (kTTranAir * (CFTranAirSubSO -CFTranAirEpiSO)) & 
	-RAMetTranAirEH -RAMetTranAirGSH. ATranAirEpiSO = INTEG(RATranAirEpiSO, 0.0). CTranAirEpiSO = ATranAirEpiSO / VTranAir. 
	AUCTranAirEpiSO = integ(CTranAirEpiSO, 0.). CFTranAirEpiSO = CTranAirEpiSO / PTissSO ! Free concentration. 
	! Production and Elimination of GSH. RAGSHTranAir = (kGSHProd * VTranAir * CGSHTranAir0) &. 
	-(kGSHElim * VTranAir * CGSHTranAir) -RAMetTranAirGSH. AGSHTranAir = INTEG(RAGSHTranAir, AGSHTranAir0). CGSHTranAir = AGSHTranAir / VTranAir. 
	! Metabolism via EH in Epithelium. RAMetTranAirEH = (VTranAir * VMaxEHTiss * CFTranAirEpiSO) / &. (KMEH + CFTranAirEpiSO). AMetTranAirEH = INTEG(RAMetTranAirEH, 0.0). 
	! Metabolism via GSH in Epithelium RAMetTranAirGSH = (VTranAir*VMaxGSHTiss * CFTranAirEpiSO * CGSHTranAir)/& ((KMGSH * CFTranAirEpiSO) + (KMSO * CGSHTranAir) & 
	+ (CFTranAirEpiSO * CGSHTranAir)). AMetTranAirGSH = INTEG(RAMetTranAirGSH, 0.0). 
	! Total Metabolism of Styrene Oxide in Epithelium. AMetTranAirSO = INTEG((RAMetTranAirEH + RAMetTranAirGSH), 0.0). 
	! Submucosa (conc = nmoles/mL) RATranAirSubSO = (QTranAir * (CArtBldSO -CFTranAirSubSO)) & -(kTTranAir * (CFTranAirSubSO -CFTranAirEpiSO)) ATranAirSubSO = INTEG(RATranAirSubSO, 0.0) CTranAirSubSO = ATranAirSubSO / VXTranAir CFTranAirSubSO = CTranAirSubSO / PTissSO ! Free concentration 
	! ******** PULMONARY REGION ******************************************** RAPulSO = -(QC * (CArtBldSO -CVenBldSO)) & -(QAlv * (CPulSO / PTissAirSO)) 
	APulSO = INTEG(RAPulSO, 0.0). CPulSO = APulSO / VPul. AUCPulSO = integ(CPulSO, 0.). CArtBldSO = CPulSO / PTissSO. 
	! Production and Elimination of GSH. RAGSHPul = (kGSHProd * VPul * CGSHPul0) &. -(kGSHElim * VPul * CGSHPu). AGSHPul = INTEG(RAGSHPul, AGSHPul0). CGSHPu = AGSHPul / VPul. 
	! ******** LUNG ******************************************************** CLungSO = ((VPul*CPulSO) + (VTranAir*CFTranAirSubSO) & 
	+ (VConAir*CFConAirSubSO)) / (VPul + VConAir + VTranAir). AUCLungSO = integ(CLungSO, 0.). 
	! ******** MASS BALANCE EQUATIONS ************************************** ! Check for Mass Balance for Styrene RAInSt = (QPDorResp * ((CCOn*CCha) + (CCOff*CInh) -CDorOlfLumSt)) & 
	+ 
	+ 
	+ 
	(QPVenResp * ((CCOn*CCha) + (CCOff*CInh) -CVenRespLumSt)) & 

	+ 
	+ 
	(QAlv * (CConAirLumSt -(CPulSt/PTissAirSt))) & 

	+ 
	+ 
	((QPVenResp+QPDorOlf) * (CURTSt-CConAirLumSt)) & 

	+ 
	+ 
	RAIPSt + RAOralGav + kDrink + kIV 


	AInSt = INTEG(RAInSt, 0.0) AOutSt = AMetDorRespR + AMetDorRespS + AMetDorOlfR + AMetDorOlfS & 
	+ 
	+ 
	+ 
	AMetVenRespR + AMetVenRespS + AMetTranAir & 

	+ 
	+ 
	AMetLiv + ADorRespEpiSt + ADorOlfEpiSt + AVenRespEpiSt & 

	+ 
	+ 
	AConAirEpiSt + ATranAirEpiSt + APulSt + ALivSt + AFatSt & 

	+ 
	+ 
	ARichSt + APoorSt + AVenBldSt + ADorRespSubSt & 

	+ 
	+ 
	ADorOlfSubSt + AVenRespSubSt + AConAirSubSt & 

	+ 
	+ 
	ATranAirSubSt + ADorRespLumSt + ADorOlfLumSt & 


	+ AVenRespLumSt + AConAirLumSt + ATranAirLumSt. BalanceSt = AInSt -AOutSt. 
	! Mass Balance for Styrene Oxide AInSO = Frac * (AMetDorOlfR + AMetDorOlfS + AMetLiv + AMetTranAir & 
	+ AMetDorRespR + AMetDorRespS + AMetVenRespR + AMetVenRespS) 
	RAExhSO = (QAlv * CPulSO) / PTissAirSO AExhSO = INTEG(RAExhSO, 0.0) AOutSO = AVenBldSO + AFatSO + ALivSO + ARichSO + APoorSO + APulSO & 
	+ 
	+ 
	+ 
	ADorOlfEpiRSO + ADorOlfEpiSSO + ADorOlfSubSO + AConAirEpiSO & 

	+ 
	+ 
	AConAirSubSO + ADorRespEpiRSO + ADorRespEpiSSO & 

	+ 
	+ 
	ADorRespSubSO + AVenRespEpiRSO + AVenRespEpiSSO & 

	+ 
	+ 
	AVenRespSubSO + ATranAirEpiSO + ATranAirSubSO & 

	+ 
	+ 
	AMetDorOlfRSO + AMetDorOlfSSO + AMetDorRespRSO & 

	+ 
	+ 
	AMetDorRespSSO + AMetVenRespRSO + AMetVenRespSSO & 


	+ 
	+ 
	+ 
	+ 
	AMetTranAirSO + AMetLivSO + AExhSO. BalanceSO = AInSO -AOutSO. 

	+ 
	+ 
	+ 
	(Frac * AMetVenRespR) & 

	+ 
	+ 
	INTEG((kTDorResp * (FracRDorResp * CFDorRespSubSO)), 0.0) & 

	+ 
	+ 
	INTEG((kTDorOlf * (FracRDorOlf * CFDorOlfSubSO)), 0.0) & 



	+ 
	+ 
	+ 
	INTEG((kTVenResp * (FracRVenResp * CFVenRespSubSO)), 0.0) AOutRSO = ADorRespEpiRSO + AMetDorRespRSO + ADorOlfEpiRSO & 

	+ 
	+ 
	+ 
	AMetDorOlfRSO + AVenRespEpiRSO + AMetVenRespRSO & 

	+ 
	+ 
	INTEG((kTDorResp * CFDorRespEpiRSO), 0.0) & 

	+ 
	+ 
	INTEG((kTDorOlf * CFDorOlfEpiRSO), 0.0) & 



	+ 
	+ 
	INTEG((kTVenResp * CFVenRespEpiRSO), 0.0). BalanceRSO = AInRSO -AOutRSO. 


	! Mass Balance for R-Styrene Oxide AInRSO = (Frac * AMetDorRespR) + (Frac * AMetDorOlfR) & 
	! Mass Balance for S-Styrene Oxide AInSSO = (Frac * AMetDorRespS) + (Frac * AMetDorOlfS) & 
	+ 
	+ 
	+ 
	(Frac * AMetVenRespS) & 

	+ 
	+ 
	INTEG((kTDorResp * (FracSDorResp * CFDorRespSubSO)), 0.0) & 

	+ 
	+ 
	INTEG((kTDorOlf * (FracSDorOlf * CFDorOlfSubSO)), 0.0) & 


	+ 
	+ 
	+ 
	+ 
	INTEG((kTVenResp * (FracSVenResp * CFVenRespSubSO)), 0.0) AOutSSO = ADorRespEpiSSO + AMetDorRespSSO + ADorOlfEpiSSO & 

	+ 
	+ 
	+ 
	AMetDorOlfSSO + AVenRespEpiSSO + AMetVenRespSSO & 

	+ 
	+ 
	INTEG((kTDorResp * CFDorRespEpiSSO), 0.0) & 

	+ 
	+ 
	INTEG((kTDorOlf * CFDorOlfEpiSSO), 0.0) & 



	+ 
	+ 
	INTEG((kTVenResp * CFVenRespEpiSSO), 0.0). BalanceSSO = AInSSO -AOutSSO. 


	TERMT(Time.GE.TStop, 'Simulation Finished') 
	END END 
	TERMINAL 
	IF (MaxRuns.GT.1) THEN. I = I + 1;. DRPerExt = PerExt. DRCVenBldSt = CVenBldSt. DRCArtBldSt = CArtBldSt. DRCLivSt = CLivSt. DRCLungSt = CLungSt. DRCVenBldSO = CVenBldSO. DRCArtBldSO = CArtBldSO. DRCFatSO = CFatSO. DRCVLivSO = CVLivSO. DRCLungSO = CLungSO. DRCTranAirEpiSO = CTranAirEpiSO. Dose = CInhPPM + IPDose. 
	! IF (I.LT.(MaxRuns+1)) THEN ! IF (CInhPPM.GT.0.0) CInhPPM = CInhPPM + DoseIncre ! IF (IPDose.GT.0.0) IPDose = IPDose + DoseIncre ! GO TO RESTRT ! ENDIF 
	ENDIF END ! End of Terminal 
	END 
	! .CMD Files % Mouse parameters 
	! .CMD Files % Mouse parameters 
	QDORRESPC=0.0002, QDOROLFC=0.005, QVENRESPC=0.0048 QCONAIRC=0.005, QTRANAIRC=0.001 VPOORC=0.6 VDORRESPLUM=0.00051, VDOROLFLUM=0.0083, VVENRESPLUM=0.022 , VTRANAIRLUM=0.00087 , SAPUL=500.0 WMUCUS=0.001, WTDORRESP=0.005, WTDOROLF=0.005 WTVENRESP=0.005, WTCONAIR=0.0013, WTTRANAIR=0.001, WTPUL=0.000032 WXDORRESP=0.002, WXDOROLF=0.002, WXVENRESP=0.002 WXCONAIR=0.005, WXTRANAIR=0.002 PBLDST=40.0, PFATST=87.0, PLIVST=2.0, PPOORST=1.3 PRICHST=3.1, PTISSST=1.3 PBLDSO=2000.0, PFATSO=6.1, PLIVSO=2.6, PPOORSO=1.5 PRICH
	MVC=2.415, FRACAIRDR=0.15, FRACAIRDO=0.15, FRACAIRVR=0.85 
	QCC=1.253, QFATC=0.059, QLIVC=0.161, QRICHC=0.48 
	BW=25.0, VBLDC=0.049, VFATC=0.07, VLIVC=0.055, 
	VCONAIRLUM=0.11
	SADORRESP=0.05
	, SADOROLF=1.35, SAVENRESP=1.3, SACONAIR=8.87 
	SATRANAIR=0.48
	VMAXLIV=200.0, VMAXRRESP=3.28, VMAXSRESP=1.13 
	VMAXROLF=6.59
	, VMAXSOLF=2.24, VMAXTISS=362.0 
	VMAXEHLIV=3000.0, VMAXREHRESP=0.73, VMAXSEHRESP=1.6 


	% Human parameters % Default runs EPA values: QCC=16.5 L/hr/kg^3/4, MV=20 m3/day MVC=3.228, FRACAIRDR=0.075, FRACAIRDO=0.075, FRACAIRVR=0.925 QCC=1.547, QFATQDORRESPC=0.00018, QDOROLFC=0.0001875, QVENRESPC=0.0021 QCONAIRC=0.025, QTRANAIRC=0.007 BW=70000.0, VBLDC=0.079, VFATC=0.2143, VLIVC=0.0257, VPOORC=0.5 VCONAIRLUM=95.7, VTRANAIRLUM=61.0 SADORRESP=10.1, SADOROLF=13.2, SAVENRESP=114.4 SACONAIR=2770.0, SATRANAIR=6220.0, SAPUL=540000.0 WMUCUS=0.001, WTDORRESP=0.005, WTDOROLF=0.004 WTVENRESP=0.005, WTCONAIR=
	C=0.052, QLIVC=0.227, QRICHC=0.43 
	VDORRESPLUM=0.74
	, VDOROLFLUM=0.56, VVENRESPLUM=8.66 

	KGCONAIR=181.0, KGTRANAIR=158.0 VMAXLIV=50.0, VMAXRRESP=0.0732, VMAXSRESP=0.0732, VMAXROLF=0.0732 VMAXSOLF=0.0732, VMAXTISS=1.7 VMAXEHLIV=12000.0, VMAXREHRESP=12.0, VMAXSEHRESP=8.8 VMAXREHOLF=12.0, VMAXSEHOLF=8.8, VMAXEHTISS=37.0 VMAXGSHLIV=1400.0, VMAXRGSHRESP=0.0, VMAXSGSHRESP=0.0 VMAXRGSHOLF=0.0, VMAXSGSHOLF=0.0, VMAXGSHTISS=290.0 KMST=10.0, KMRST=10.0, KMSST=10.0 KMEH=50.0, KMREHRESP=40.0, KMREHOLF=40.0, KMSEHRESP=40.0 KMSEHOLF=40.0 KMGSH=100.0, KMRGSH=100.0, KMSGSH=100.0 KMSO=2500.0, KMRSORESP=60.0, KM






