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c.) 4800 mg/m3 White Spirit vapor (Hissink et al, 2007) 
 
 
 
 

 
d.) 400 ppm White Spirit, Decane (Lof et al., 1999) 
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e.) 800 ppm White Spirit, Decane (Lof et al., 1999) 
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ABSTRACT 
School officials and community citizens were concerned about airborne trichloroethylene (TCE) 

emanating from a nearby industrial facility that used TCE as a degreaser.  No measurements of 

airborne TCE in the community were taken by public health officials or the industrial facility. 

Regulation of release of TCE from this facility was governed, in part, by mathematical model 

predictions of dispersion into the community. In support of community health concerns, a limited 

number of outdoor and indoor air samples were collected in the affected community for the 

analysis of TCE, including a school, a small business and 3 homes. The mean outdoor air 

concentration of TCE for all affected sites was 0.96 µg/m3 with a peak TCE concentration of 

4.59 µg/m3.  The mean indoor air concentration of TCE for all affected sites was 1.40 µg/m3 with 

a peak TCE concentration of 4.66 µg/m3.  All air samples collected were below the guideline 

level of 5 µg TCE/m3 of air used by the state of Georgia, USA, but were greater than large 

population studies of TCE in indoor and outdoor air in Minnesota, USA and Ottawa, Canada.  

Additional air samples are needed to better characterize exposure of the community to TCE. 

 

INTRODUCTION 

Trichloroethylene (TCE) is a chlorinated solvent used primarily as a degreaser by 

industry.  The National Research Council of the National Academy of Sciences recently 

evaluated several key scientific human health issues with TCE (NRC, 2006).  In the United 

States, TCE is recognized as a historic and widespread groundwater contaminant (NRC, 2006, 

Scott and Cogliano, 2000, Wu and Schaum, 2000).  Airborne exposure to TCE has become a 

public health concern, primarily because of vapor intrusion into homes situated near 

contaminated soil and water (USEPA, 2001).  Ambient levels of TCE in air have been reported 

in cities and rural areas since 1974 (Zhu et al., 2005).  In 2004-2005 indoor and outdoor source-
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independent measurements of TCE were reported for residential settings with air concentrations 

ranging from 0.06 to 0.5 µg/m3 for indoor air and 0.08 to 0.6 µg/m3 for outdoor air (Adgate et 

al., 2004, NRC, 2006, Sexton et al., 2004, Zhu et al., 2005).  These studies were large population 

based studies involving hundreds of samplings in Minnesota, USA and Ottawa, Canada.   

Unlike the population studies, this study reports on a limited number of air samples 

collected for analysis of TCE in a community near an industrial facility that uses TCE as a 

degreaser.  According to the Toxic Release Inventory (TRI), this industrial facility was ranked 

eleventh in the United States for atmospheric release of TCE in 2004 (USEPA, 2006).  The 

industrial facility is within 650m of a public middle school with 650 students, a small business 

and several homes.  Some community members and school officials were concerned about health 

outcomes from exposure to airborne TCE.  Unfortunately, no atmospheric measurements of TCE 

in the community or in the middle school were available.  Health officials and the industrial 

facility officials relied on atmospheric dispersion models which predicted that the community 

exposure to TCE in air was likely below the level of concern (< 5 µg/m3) (Manning, 2006).  The 

primary purpose of this study was to determine if we could detect and quantify the concentration 

of TCE in air.  These air sampling results could then be used by community members and school 

and public health officials to seek solutions for this environmental contaminant.  

 

METHODS 

Access was granted for five air sampling sites in the community near the industrial 

facility and one control site distant from the facility (approx. 14.5 Km) in Clark County, Georgia, 

USA.  The community air sampling sites included a middle school, a small business, and 3 

homes along with a control site at the University of Georgia.  Site selection was based on 
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mathematical modeling projections of areas of likely contamination provided by the state 

regulatory body and upon permission received from property owners in the area.  The 16 homes 

within a 1 km radius were separated into groups with 5 homes to the west, 6 homes to the south, 

and 5 homes to the east.  Within a 2 km radius are three more neighborhoods, totaling 

approximately 50 homes.  All sampled community sites were within 1 km of the emitting 

facility.  The middle school, small business and one home (H2) were located east approximately 

550 m, 500m, and 900m, respectively, from the facility.  One home (H1) was located 

approximately 500 m west of the facility and another home (H3) south of the facility 

approximately 400 m.  The resultant wind direction was from 230° (Southwest to Northeast) at 

average 9.25 km/h during the 2 month sampling period (USDOC, 2006). 

To collect air samples, air pumps were deployed for 8 hours and TCE was trapped on 

charcoal tubes.  For outdoor air samples, an SKC Airchek Model 224-PCXR8 low flow air pump 

(250 mL/min) was used with SKC 200/400 mg Anasorb CSC 226-09 charcoal tube.  For indoor 

air samples, a Gilian Dual Mode Low Flow air pump (model LFS-113DC, 50 mL/min) was used 

with SKC 50/100 mg Anasorb CSC 226-01 charcoal tube.   Air pumps were calibrated 

immediately prior to use with a Gilian Gillibrator 2.  Though the facility is in operation 24 hours 

per day Monday through Friday, sampling was conducted one day per week throughout the two 

month study period (February 10 to April 5, 2006) between 8:00 AM and 5:00 PM.  Five outdoor 

and 4 indoor samples were collected at the middle school, 2 outdoor and indoor samples at the 

small business and control site, and one outdoor and one indoor sample at the homes, with the 

exception of H1, at which 2 indoor samples were taken.  For most visits both indoor and outdoor 

samples were collected at the same time.  
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 In the laboratory, the samples were analyzed on an Agilent 6890N gas chromatograph 

(GC) equipped with a micro electron capture detector and a 7683 liquid autosampler after solvent 

desorption with carbon disulfide (Table 1).  All samples were processed the day of sample 

collection.  GC/mass spectroscopy was used for positive identification of TCE (Dietzel et al., 

2005).  Charcoal from the tubes were transferred to 2 ml or 4 ml glass vials containing either 1ml 

or 1.5 ml of carbon disulfide, respectively, and held for 1 hour.  Aliquots of the solvent 

containing TCE were then placed in autosampler vials for analysis. Calibration curves were 

generated each day that air samples were collected.  The extraction efficiency for TCE removal 

from the charcoal was greater than 94% and the method limit of detection was 25 ng/m3.  The 

TCE air concentration was calculated by dividing the calculated mass of TCE extracted from the 

charcoal by the volume of air (m3) metered through the charcoal tubes by the pumps.  

 

RESULTS 

TCE was detected in all of our air samplings in the community near the industrial facility 

and at our control site located 14.5 km distance from the facility.  The lowest outdoor air 

concentrations of TCE (Table 2) were at our control site followed by the homes near the 

industrial facility.  The school and small business air samples, although higher than the homes 

were all below the guideline concentration of 5 µg/m3 used by the state of Georgia (Manning, 

2006).   

The indoor TCE air concentrations (Table 2) were similar compared to outdoor TCE 

concentrations for the middle school and small business (within a factor of 2.5).  This was not 

the case for indoor air samples from two of the three homes and the control site which were 
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higher than the corresponding outdoor levels (47 to 155 fold greater) suggesting that indoor 

sources of TCE probably contributed to the indoor air TCE levels (Table 2).   

The mean outdoor air concentration of TCE across all sites (±SE, n=10) and samplings 

was 0.96 ± 0.48 µg/m3 with a peak value of 4.59 µg/m3.  The mean indoor air concentration of 

TCE across all sites (±SE, n =10) and samplings was 1.40 ± 0.47 µg/m3 with a peak value of 

4.66 µg/m3.    

 

DISCUSSION 

Our findings demonstrate that airborne TCE is present in the community near an 

industrial facility that uses TCE as a degreaser.  Before this study, there were no measurements 

of the TCE air concentrations in the community, only mathematical dispersion modeling 

projections.  Although the number of samples was small in this study, the mean indoor and 

outdoor TCE concentrations were both greater in this study than those reported in large 

population studies in Ottawa, Canada (Zhu et al., 2005) or Minnesota, USA (Adgate et al., 2004, 

Sexton et al., 2004).  A more robust sampling design is needed near the industrial facility to 

better characterize exposure of the community to TCE.  

The goal of this research project was to provide interested parties with preliminary 

airborne measurements of TCE that could be used to make informed public health decisions 

regarding the community.  Public health officials, community members, middle school officials 

and representatives from the industrial facility were notified of our findings at a public meeting.  

Some community members expressed concern about their exposure to TCE.  The public health 

solution for this community’s exposure to TCE remains to be reconciled.  With the recent 

evaluation of the health risks posed by exposure to TCE by the National Academy of 
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Sciences(NRC, 2006), the current exposure guideline value of 5 µg/m3 may be reevaluated.  The 

industrial faculty is trying to replace TCE with another cleaning product.   
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Table 4.1.  Analytical method for TCE analysis. 

              

Injection Volume 1 µL 

Injection Mode Pulsed Splitless 

Column Flow 2.5 mL/min (constant flow) 

Column 

(Dimensions) 
HP-5 (30 m x 0.53 mm) 

Film Thickness 1.5 µm 

Inlet Temperature 250oC 

Oven Program: 30oC for 10 min. 

 10oC/min to 70oC for 2 min. 

 20oC/min to 280oC for 3.5 min. 

Detector: µ-ECD 

Temperature 300oC 

Makeup Gas Nitrogen 

Flow Rate 45.0 ml/min 

 

 



 160 

Table 4.2.  Individual measured concentrations of TCE in community outdoor and indoor air, 

except for the middle school which represents the mean ± SE.   

School 

 

Business 

 

Home, H1

 

Home, H2 

 

Home, H3  

 

Control 

 

           TCE Concentration in Outdoor Air (µg/m3) 

0.72 ±  

0.46 

4.59, 1.30 0.03 0.05 0.03 0.01, 0.01 

        TCE Concentration in Indoor Air (µg/m3) 

0.92 ± 

0.68 

1.85, 0.59 1.62, 1.41 0.21 4.66 0.99, 1.02 
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CHAPTER 5 

CONCLUSIONS: STATE OF THE SCIENCE AND GOALS FOR THE FUTURE 

Complex hydrocarbon mixtures such as jet fuel, gasoline, and white spirit have the 

potential for a broad range of health effects.  In particular, jet fuels represent a potential source of 

toxicity for both military and civilian flightline personnel (NRC, 2003).  That exposures in the 

literature have been in both aerosolized and vaporized form, complicates assessments of the 

pharmacokinetics of the likely causative agents of this toxicity. Additionally, detailed 

investigation of exposure atmosphere characteristics and tissue pharmacokinetics is lacking in 

the literature. 

Existing PBPK models for exposure to individual chemical vapors are present in the 

literature for several aromatic hydrocarbons such as ethylbenzene, toluene, m- and o-xylene, and 

benzene (Haddad et al., 1999, Tardif and Charest-Tardif, 1999, Tardif et al., 1997).  

Alternatively, there are few models for n-alkanes or other aliphatics (Merrill et al., 2008, 

Perleberg et al., 2004).  Simple mixtures of various concentrations of 2 to 4 constituents have 

been constructed to test hypotheses surrounding types of metabolic interactions.  As the majority 

of constituents of jet fuel share a common metabolizing enzyme, the most likely hypothesis of 

competitive inhibition has been reported and supported in work with these simple mixtures 

(Haddad et al., 1999).  The observable result of this inhibition would be an increase in the blood 

or tissue concentrations of the parent chemical.  This may have implications for toxicity of parent 

chemicals or metabolites of concern. 

Limited tissue data has been published for white spirits and jet fuel (Campbell Jr and 

Fisher, 2007, Hissink et al., 2007).  Gas-uptake chamber loss data has been reported for gasoline 

 



 162 

(Dennison et al., 2003).  Using new and existing datasets PBPK models were reported for 

constituents of white spirit and jet fuel vapors.  However, no one has previously investigated 

pharmacokinetics associated with the aerosol phase.  Development of a PBPK model for 

vaporized and aerosolized jet fuels represents the next step in complex hydrocarbon mixture 

modeling and has implications for health risk assessments. 

 

Chapter 2 

A nose-only inhalation exposure system was designed and characterized to support PBPK 

model development.  The atmospheric characterization data of aerosolized JP-8, S-8, and the 

50:50 JP-8:S-8 blend are the first reported for these complex mixtures.  This assessment of the 

dynamic aerosol and vapor atmosphere within the exposure chamber represents the most detailed 

description of air-phase chemical profiles to be reported in the fuel literature.  Additionally, as 

very limited chamber characterization data has been reported with the published toxicity studies, 

it was a watershed moment in the understanding of aerosolized fuel chemistry and informed 

several aspects of PBPK model development that followed. 

As droplets pass through an inhalation exposure chamber they evolve under the influence 

of the Kelvin effect.  Volatile constituents evaporate from the droplet surface, resulting in a 

droplet with higher concentrations of chemicals with lower vapor pressure, compared to what 

was lost.  Just as a vapor exposure atmosphere (depending on generation system) is not always 

representative of total fuel exposure, assessment of the kinetics of only the aerosol droplet would 

have a similar barrier to applicability.  In order to fully understand the kinetics of jet fuel, one 

must account for both the aerosol and the vapor fraction in the chamber and in a PBPK model.   
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Chapter 3 

The exposures and tissue time-course data collected for n-tetradecane and n-octane are 

the most detailed to be reported for these hydrocarbons.  n-Decane exposure has been previously 

described in individual vapor and mixture studies (white spirit), but not in aerosolized jet fuels 

(Merrill et al., 2008, Perleberg et al., 2004). As it would not be possible to describe the kinetics 

of every constituent of a complex mixture, simplifications must be made.  By tracking individual 

chemical “markers” that are representative of the major fuel constituents it is possible to 

approximate the kinetics of the whole fuel. Tetradecane represents a high molecular weight 

marker of the aerosolized, and to a lesser extent vaporized, exposure atmosphere.  Octane is a 

mid-range n-alkane present at approximately equal levels in both aerosol and vapor-phase.  n-

Decane represents one of the largest percentage constituents of the fuel in both aerosol and vapor 

phase and is positioned in the middle of spectrum of fuel constituents.  These three n-alkanes 

cover the breadth of the aliphatic content of JP-8 and S-8.  The aromatics m-xylene, 

ethylbenzene, and toluene have been previously tracked either as individual constituents or in 

mixtures.  They are also noted toxicants with influence on the kinetics of other fuel constituents.  

By tracking these aromatic and aliphatic constituents and designing “lumped” groups of the 

unquantified constituents a PBPK modeling based description of fuel kinetics can be created.  

The fuel model describes the dynamic air phase kinetics within the rat respiratory tract, 

using a combination of chamber analytical data and predictions from aerosol dosimetry modeling 

software. Within model code all aspects of the aerosol and vapor phase chemical concentrations, 

and the predicted aerosol deposition fractions, were coded to interact simultaneously.  Due to the 

inclusion of multiple model structures within the base model code, the chemical concentration of 

aerosol and/or vapor was directed toward either a single hydrocarbon model structure or into the 
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fuel model where it is combined with other fuel constituents.  By coding the model in this 

manner, the ability to input defined chemical parameters from a vaporized or aerosolized 

gasoline, white spirit, or diesel exposure, in addition to jet fuel, becomes apparent.  This cross-

mixture applicability separates the current fuel model from earlier works with simple binary 

through quaternary mixtures.  The model’s lumping strategy and description of competitive 

metabolic inhibition on a scale not previously reported in the literature are also novel and set this 

work apart from other PBPK models.  Future applications in risk assessment for fuels and other 

complex mixtures are envisioned.      

 

Chapter 4 

Trichloroethylene (TCE), a solvent emitted from a metal degreasing facility, was being 

emitted into the air of a community surrounding the facility.  Within the community were several 

homes, and elementary school, stores, and other industrial facilities.  Community members were 

concerned that levels of TCE were in excess of the state guideline value and could represent a 

threat to the health of children and community members.  Air samples were collected on charcoal 

sorbent tubes and analyzed.  Ambient and indoor concentrations were below the guideline value.  

Air sampling and analytical skills were obtained in this work.  These skills informed the 

student’s development and sampling of the inhalation exposure chamber that supported the 

PBPK modeling work described. This project was the basis for the data collected and models 

completed.    
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Conclusion 

As there are currently no models to assess dosimetry and pharmacokinetics of inhaled 

aerosolized jet fuel, we sought to meet this need in the toxicology and fuel mixture communities.   

The effort that followed was long and extremely time consuming, but the goals were met and 

will impact risk assessments for US military personnel.  Over the course of this work several 

milestones were achieved.  An inhalation exposure system was designed, characterized, and 

utilized.  The most detailed assessment of aerosolized fuel exposure atmospheres was conducted 

and published.  Tissue data was collected from rats exposed to individual hydrocarbons, simple 

mixtures, and jet fuels.  Finally, a PBPK model for jet fuel was developed and utilized to predict 

pharmacokinetic data from both vaporized and aerosolized jet fuel exposure in the rat. The 

model was then extrapolated to another commonly used hydrocarbon mixture, white spirit.   

 

STATE OF THE SCIENCE 

While PBPK models have been developed to describe exposure to individual chemicals, 

simple mixtures, and a small number of complex mixtures, the study of mixture 

pharmacokinetics remains in its infancy.  Considering the myriad exposures that humans are 

exposed to each moment, investigation of the kinetics and interactions between pharmaceuticals, 

endogenous chemicals, and xenobiotics represents an area of high relevance for our 

understanding of the complex pharmaco/toxicokinetic and dynamic processes occurring within 

mammals.  Through the use of computational mixture models researchers have started to de-

mystify processes governing metabolic interactions between mixture constituents or tissue 

specific induction of genetic or cytotoxic damage.  At present, models for inhalation exposure 

have progressed to the level of regionally specific tissue doses associated with observable 
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responses.  As examples, models for inhalation have provided detailed descriptions of respiratory 

tract tissue doses following exposure to reactive vapors or particles, as well as assessment of 

metabolic interactions at a common metabolic enzyme (Bogdanffy and Sarangapani, 2003, 

Campbell Jr and Fisher, 2007, Frederick et al., 2001).  The increased cross-talk and influence of 

computational fluid dynamics in the area of PBPK modeling for inhalation exposures is a step 

forward in the understanding of vapors, liquid droplets, and solid aerosol particles.  

 

FUTURE DIRECTIONS 

To address the kinetic profiles of constituents of complex hydrocarbon mixtures, 

including assessment of metabolic interactions, greater insight into the generation of biomarkers 

of exposure is needed, as well as more detailed characterization of exposure atmospheres of 

inhaled complex hydrocarbon mixtures in chambers and in the respiratory tract. Recent advances 

in the understanding of aerosol and vapor dosimetry, with investigation of localized cell specific 

toxicity in the respiratory tract, facilitate quantitative assessments of tissue dosimetry using 

PBPK models.  Our understanding of the tissue dosimetry and resulting systemic disposition of 

jet fuels and individual hydrocarbons add to this body of work, describing the site of exposure 

and accounting for total fuel exposure through chemical lumping. 

Metabolic interactions of fuel constituents may lead to modified toxicokinetic behavior of 

specific agents such as benzene, hexane, and others. Prior to this work there had been only a few 

complex hydrocarbon mixture assessments with regard to metabolic interactions.  In the case of 

benzene, n-hexane, and naphthalene, where the metabolite is the toxic moiety, competitive 

inhibition reduces the production of the metabolite.  However, with toluene the parent is the 

toxicant and inhibition of metabolism may promote toxicity. 
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For the future, it is hoped that the importance of characterization of exposure atmosphere 

composition will be more widely recognized.  Without detailed information on the chamber 

constituents and vapor/aerosol phase profiles it would not have been possible to develop the 

PBPK models covered in this dissertation.  An understanding of the constituents, their droplet 

size distributions, and percent contribution to the aerosol and vapor phase atmospheres is also 

required in order incorporate computational fluid dynamics in PBPK model development.  In 

order to address the relevance of aerosol exposure and its effects on flightline personnel more 

work needs to be done with these workers.  PBPK models for mixtures should continue to 

increase in number as more is learned about exposure profiles for different mixtures and tissue 

kinetic data becomes available.  With renewed interest in biofuels from synthetic, biomass, and 

agricultural sources an additional layer of complexity will be added to modeling these mixtures 

based on the blend constituents.  As the technology associated with computational software and 

analytical equipment continues to advance at a rapid pace, the future of computational modeling 

is wide open.      
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APPENDIX A. JP-8 MODEL (.CSL CODE) 

PROGRAM 
! PBPK MODEL FOR EXPOSURE TO JP-8 AEROSOL AND VAPOR 
! Sheppard A. Martin, Raphael T. Tremblay, Jeffrey W. Fisher 
! M-Files contain code for Exposure Concentration, Metabolism, specific Partition Coefficients and PA Terms %Aerosol and Vapor 
for exposures to fuel concentrations and white spirits in literature 
 
 INITIAL 
 
!-----------------------[BODY WEIGHT]------------------------------------------- 
CONSTANT BW   = 0.21             ! body weight of rat, Kg 
 
!------------------------[BLOOD FLOWS]-------------------------------------------- 
CONSTANT QCC= 15.6        ! cardiac output for rat, L/hr/kg bw  (Clewell et al.,, 2001) 
CONSTANT QPC = 15.6             !  Ventilation Rate, l/hr/kg bw 
CONSTANT QLC= 0.174        ! fraction of cardiac out that perfuses the liver,  (Brown et al., 1997), L/hr 
CONSTANT QBrC = 0.02            ! fraction cardiac output to brain (Delp, et al.,, 1998) 
CONSTANT QLuC = 1                 ! cardiac output to lung  
CONSTANT QFC = 0.07              ! Fat (Delp, et al.,, 1998) 
CONSTANT QNoC = 0.007         ! Nasal blood flow (Csanady et al.,, 2006)  
CONSTANT QTbC= 0.01            ! Tracheobronchial blood flow (Csanady et al.,, 2006)  
        
!-----------------------[TISSUE VOLUMES]---------------------------------------- 
CONSTANT VFC = 0.0867               ! fraction of BW, Fat (Schoeffner, et al.,, 1999), L/kg 
CONSTANT VLC = 0.0397                ! fraction of BW, liver (Schoeffner, et al.,, 1999)   
CONSTANT VBrC = 0.0076               ! brain (Schoeffner, et al.,, 1999)  
CONSTANT VLuC = 0.0047               ! lung (Perleberg et al., 2005) L/kg 
CONSTANT VnasmuclayerC = 2.9e-5 ! nasal mucous (Parent et al, 1992)   
CONSTANT VtbmuclayerC = 2.69e-4 ! lung and tb lining fluid layer (Parent et al, 1992) 
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!-----------------------[BLOOD VOLUMES]---------------------------------------- 
CONSTANT Bvfc  = 0.05               ! blood volume percent of fat, (Brown, 1997) 
CONSTANT Bvbrc = 0.03               ! blood volume percent of brain, (Brown, 1997) 
CONSTANT Bvlc  = 0.21               ! blood volume percent of liver (Brown, 1997) 
 
!---------------------------[PARTITION COEFFICIENTS]--------------------------------------------------------- 
 
!C8 PC, Tissue:air, divide by blood:air PC 
CONSTANT PLAc8  = 6.01            ! Liver:Air PC (Smith et al., 2005)   
CONSTANT PFAc8  = 771.9          ! Fat:Air PC (Smith et al., 2005)   
CONSTANT PBrAc8  =4.38            ! Brain:air PC  (Smith et al., 2005)   
CONSTANT PSAc8  = 2.96            ! Slowly perfused tissue:air PC (Smith et al., 2005)   
CONSTANT PRAc8  = 6.01            ! Rapidly perfused tissue air PC (set to liver)  
CONSTANT PLuAc8 = 6.01           ! Lung:air PC (set to liver) 
CONSTANT PBc8   = 3.13           ! Blood:air partition coefficient PC (Smith et al., 2005)   
CONSTANT PNoac8  = 6.01           ! Nasal PC (set to liver) 
 
!C10 Tissue:air, divide by blood:air PC 
CONSTANT PLA = 16                       ! Liver:air (Smith et al., 2005)   
CONSTANT PFA =   2668                 ! Fat:air (Smith et al., 2005)   
CONSTANT PBRA = 39                    ! Brain:air (Smith et al., 2005)   
CONSTANT PSA = 6.92                    ! Slowly perfused:air (Smith et al., 2005)   
CONSTANT PRA = 16                       ! Rapidly perfused:air, set to liver 
CONSTANT PLUA = 16                    ! Lung :air, set to liver 
CONSTANT PB      = 8.13                 !  Blood:air  (Smith et al., 2005)   
CONSTANT PNOA = 16                   ! Nasal:air, set to liver  
 
!Tetradecane Distribution Ratios Distribution Ratios, Do Not divide by blood:air 
CONSTANT PLAC14= 0.29             ! Liver Distribution Ratio  
CONSTANT PFAC14 = 48.75          ! Fat Distribution Ratio  
CONSTANT PBrAC14  =0.08          ! Brain Distribution Ratio  
CONSTANT PSAC14 = 0.29            ! Slowly perfused tissue Distribution Ratio, set to liver 
CONSTANT PRAC14 = 0.29            ! Rapidly perfused tissue Distribution Ratio, set to liver 
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CONSTANT PLuAC14= 13              ! Lung Distribution Ratio   
CONSTANT PBC14   = 52.4            ! Blood :air partition coefficient (Smith et al., 2005)   
CONSTANT PNoaC14  = 13            ! Nasal Distribution Ratio (set to lung)  
 
!Partition Coefficients (Lumped Aromate component of Fuel vapor) divide by blood:air PC 
CONSTANT   PWBlp =  36.7 ! Blood:air PC (Campbell and Fisher, 2007) 
CONSTANT   PLlp  =  2.89  ! Liver:blood PC (Campbell and Fisher, 2007) 
CONSTANT   PFlp  =  46.4             ! Fat:blood PC (Campbell and Fisher, 2007) 
CONSTANT   PBrlp =   2.52  ! Brain tissue/blood PC (Campbell and Fisher, 2007) 
CONSTANT   PSlp  =  1.34  ! Slowly perfused tissue:blood PC (set to liver) 
CONSTANT   PRlp  =  2.89  ! Rapidly perfused tissue:blood PC (set to liver) 
CONSTANT   Plulp=  2.89                ! Lung PC (set to liver) 
CONSTANT   Pnolp=   2.89              ! Nasal PC (set to liver) 
 
!Lump 2 PC, based on reported avg C8-C12 Tissue:air, divide by blood:air PC 
CONSTANT PLALUMP  = 21.986   ! Liver:Air PC, average C8-C12 (Smith et al., 2005)   
CONSTANT PFALUMP  = 6461.9   ! Fat:Air PC, average C8-C12 (Smith et al., 2005)   
CONSTANT PBrALUMP =117.248 ! Brain:air PC, average C8-C12 (Smith et al., 2005)   
CONSTANT PSALUMP   = 11.91    ! Slowly perfused tissue/air, muscle, average C8-C12 (Smith et al., 2005)   
CONSTANT PRALUMP   = 21.986  ! Rapidly perfused tissue air, muscle, average C8-C12 (Smith et al., 2005)   
CONSTANT PLuALUMP = 21.986  ! Lung partition coefficient, set to liver 
CONSTANT PBLUMP      = 12.408 ! Blood/air partition coefficient (Smith et al., 2005)   
CONSTANT PNoaLUMP  = 21.986 ! Nasal partition, set to liver 
 
!Partition Coefficients (LUMP3) Distribution Ratios, Do not divide by blood:air 
CONSTANT PLALUMP3  = 0.49   ! Liver  
CONSTANT PFALUMP3  = 57.2   ! Fat 
CONSTANT PBrALUMP3  =0.18     ! Brain 
CONSTANT PSALUMP3  = 0.49   ! Slowly perfused tissue (set to liver) 
CONSTANT PRALUMP3  = 0.49   ! Rapidly perfused tissue (set to liver) 
CONSTANT PLuALUMP3  = 28.4    ! Lung 
CONSTANT PBLUMP3      = 52.4    ! Blood:air partition coefficient (Smith et al., 2005)    
CONSTANT PNoaLUMP3  = 28.4    ! Nasal  
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! m-Xylene Partition Coefficients, Tissue :Blood Already, do not divide by blood :air 
CONSTANT   PWBmx =  46.0 ! Blood:air PC (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PLmx  =   1.976 ! Liver:blood partition coefficient (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PFmx  = 40.41 ! Fat :blood partition coefficient (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PBmx = 0.80  ! Brain tissue:blood partition (Campbell and Fisher, 2007) 
CONSTANT   PSmx  =  0.911 ! Slowly perfused tissue :blood  partition (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PRmx  =  1.976 ! Rapidly perfused tissue:blood  partition (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   plumx2008=1.976      ! Lung PC (set to liver) 
CONSTANT   pnomx2008=1.976     ! Nasal PC (set to liver) 
 
!Ethylbenzene Partition Coefficients, Tissue :Blood Already, do not divide by blood :air 
CONSTANT   PWBebz =  42.7 ! Blood:air partition coefficient (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PLebz  =   1.96 ! Liver:blood partition coefficient (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PFebz  = 36.4             ! Fat:blood partition coefficient (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PBebz =  1.412 ! Brain tissue:blood partition (Campbell and Fisher, 2007) 
CONSTANT   PSebz  =  0.609 ! Slowly perfused tissue:blood  partition (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   PRebz  =  1.412 ! Rapidly perfused tissue:blood  partition (Campbell and Fisher, 2007; Tardif et al., 1997) 
CONSTANT   Pluebz2008=1.96       ! Lung PC (set to liver) 
CONSTANT   Pnoebz2008=1.96      ! Nasal PC (set to liver) 
 
! Ttoluene Partition Coefficients, Tissue :Blood Already, do not divide by blood :air 
CONSTANT   PWBtl =  18.  ! Blood:air partition coefficient (Tardif et al., 1997) 
CONSTANT   PLtl  =   4.64  ! Liver :blood partition coefficient (Tardif et al., 1997) 
CONSTANT   PFtl  = 56.7             ! Fat:blood partition coefficient (Tardif et al., 1997) 
CONSTANT   PBtl =  1.72  ! Brain tissue :blood partition (Thrall etal 2002, Tardif et al., 1997) 
CONSTANT   PStl  =  1.54  ! Slowly perfused tissue:blood  partition (set to liver) 
CONSTANT   PRtl  =  4.64  ! Rapidly perfused tissue:blood  partition (set to liver) 
CONSTANT   Plutol=4.64                 ! Lung PC (set to liver) 
CONSTANT   Pnotol=4.64                ! Nasal PC (set to liver) 
 
!-----------------------[MOLECULAR WEIGHTS]------------------------------------------- 
CONSTANT   MWmx = 106.16 !m-xylene Molecular weight (g/mol) 
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CONSTANT   MWebz = 106.16 !ethylbenzene Molecular weight (g/mol) 
CONSTANT   MWtl = 92.14  !Toluene Molecular weight (g/mol) 
CONSTANT   MWC8 = 114.2          !C8 Molecular weight (g/mol) 
CONSTANT   MW=142.29               !C10 Molecular weight (g/mol) 
CONSTANT   MWC14= 198.39       !C14 Molecular weight (g/mol) 
CONSTANT   MWLUMP= 167        !JP8 lUMP AVG MW  (g/mol)  
CONSTANT   MWLP= 104.62          !JP8 LUMP-1 AVG MW  (g/mol)  
CONSTANT   MWLUMP3=200       !JP8 lUMP-3 AVG MW  (g/mol) 
 
 
!------------------------------[EXPOSURE TIMING]----------------------------------------------- 
CONSTANT TCHNG = 4                  ! Length of inhalation exposure - hrs    
CONSTANT EXPTIME = 6               ! Total length pre- and post-exposure time points from tissues (hrs) 
 
!------------------------------[RESPIRATORY PARAMETERS]--------------------------------- 
!Nasal and Tracheobronchial parameters 
CONSTANT TBSA     = 7.1             ! Surface area of TB, cm/kg (Csanady et al., 2007) 
CONSTANT TBthick  = 7.5e-3        ! Thickness of TB, cm (Csanady et al., 2007) 
CONSTANT OlfSA    = 2.5              ! Surface area of nasal olf, cm2/kg (Csanady et al., 2007) 
CONSTANT ResSA    = 2.2             ! Surface area of nasal res, cm2/kg (Csanady et al., 2007) 
CONSTANT Olfthick = 7.0e-3         ! Thickness of nasal olf, cm (Csanady et al., 2007) 
CONSTANT Resthick = 8e-3           ! Thickness of nasal resp, cm (Csanady et al., 2007) 
 
!------------------------------[DEPOSITION PARAMETERS]--------------------------------- 
!standard values, values different per exposure 
!Controlled in m-files 
CONSTANT fdepositPU   = 0.05        ! Deposition in lung region, (MPPDv2.01 – Hammner Inst, RTP, NC) 
CONSTANT fdepositTB = 0.05          ! Deposition in tracheobronchial region, (MPPDv2.01 – Hammner Inst, RTP, NC)   
CONSTANT fdepositNO   = 0.7         ! Deposition in nasal region, (MPPDv2.01 – Hammner Inst, RTP, NC)  
 
!----------------[PERCENT AEROSOL AND VAPOR]------------------------------------- 
!Controlled in m-files 
!Octane 
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CONSTANT perc_aerosolc8 =0.12 ! fraction total exposure that is aerosol  
CONSTANT perc_vaporc8 = 0.88  ! fraction total exposure that is vapor 
 
!Decane 
CONSTANT perc_aerosol = 0.21     ! fraction total exposure that is aerosol 
CONSTANT perc_vapor =  0.79      ! fraction total exposure that is vapor 
 
 
!Tetradecane 
CONSTANT perc_aerosolC14 = 0.16    ! fraction total exposure that is aerosol  
CONSTANT perc_vaporC14 =  0.84     ! fraction total exposure that is vapor 
 
!Lump 1                   
CONSTANT perc_aerosolLP =0.09       ! fraction total exposure that is aerosol 
CONSTANT perc_vaporLP =  0.91       ! fraction total exposure that is vapor 
 
!Lump 2 
CONSTANT perc_aerosolLUMP =0.335 ! fraction total exposure that is aerosol 
CONSTANT perc_vaporLUMP =  0.615 ! fraction total exposure that is vapor 
 
!Lump 3 
CONSTANT perc_aerosolLUMP3 =0.30 ! fraction total exposure that is aerosol 
CONSTANT perc_vaporLUMP3 =  0.70 ! fraction total exposure that is vapor 
 
!TOL 
CONSTANT perc_aerosoltol =0.133       ! fraction total exposure that is aerosol 
CONSTANT perc_vaportol = 0.864         ! fraction total exposure that is vapor 
 
!EBZ 
CONSTANT perc_aerosolebz2008 =0.181 ! fraction total exposure that is aerosol 
CONSTANT perc_vaporebz2008 = 0.819  ! fraction total exposure that is vapor 
 
!m-XYLENE 
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CONSTANT perc_aerosolmx2008 =0.202 ! fraction total exposure that is aerosol  
CONSTANT perc_vapormx2008 =0.798   ! fraction total exposure that is vapor 
 
 
 
!-------------[EXPOSURE ATMOSPHERE CONCENTRATION]-------------------------------------- 
!Controlled in m-files 
 
!Toluene 
CONSTANT IconiTol= 0 !  
 
!Ethylbenzene 
CONSTANT IconiEbz2008= 0 !  
 
!m-Xylene 
CONSTANT IconiMX2008= 0 !  
 
!Octane 
CONSTANT IconiC8= 0 ! 
 
!Decane 
CONSTANT Iconi = 0  ! 
 
!Tetradecane 
CONSTANT IconiC14 = 0 ! 
 
!Lump 1 
CONSTANT Iconilp = 0 ! 
 
!Lump 2 
CONSTANT IconiLump= 0 ! 
 
!Lump 3 
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CONSTANT IconiLump3= 0  ! 
 
 
!--------------[PERMEABILITY AREA TERMS]----------------------------------------------- 
!Lung PA Terms 
CONSTANT PAC1tol=1E-2   !Toluene 
CONSTANT PAC1EBZ2008=1E-2  !Ethylbenzene 
CONSTANT PAC1MX2008=1E-2  !m-Xylene 
CONSTANT PAC1C8=1E-2   !Octane 
CONSTANT PAC1  = 9E-4    !Decane            
CONSTANT PAC1C14  = 9E-4  !Tetradecane 
CONSTANT PAC1LP=1E-2   !Lump 1 
CONSTANT PAC1LUMP=1E-2  !Lump 2 
CONSTANT PAC1LUMP3=9E-4  !Lump 3 
 
! Nasal PA Terms 
CONSTANT PACnosemx2008=1E-2 !m-Xylene 
CONSTANT PACnoseEBZ2008=1E-2  !Ethylbenzene 
CONSTANT PACnosetol=1E-2  !Toluene 
CONSTANT PACnosec8=1E-2  !Octane 
CONSTANT PACnose  = 9e-5            !Decane            
CONSTANT PACnoseC14  = 9e-4  !Tetradecane 
CONSTANT PACnoseLP=1E-2  !Lump 1 
CONSTANT PACnoseLUMP=1E-2  !Lump 2 
CONSTANT PACnoseLUMP3=1E-2 !Lump 3 
 
 
!m-Xylene 
CONSTANT PACFmx=0.56               !m-xylene fat 
 
!Ethylbenzene 
CONSTANT PACFebz=0.658            !ethylbenzene fat 
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!Toluene 
CONSTANT PACFtl=0.95                   ! toluene fat 
 
!Octane 
CONSTANT PACBrinc8 = 3.5e-2                ! permeability area value (PA term)  
CONSTANT PACBroutc8 = 1e-1                 ! permeability area value (PA term)  
CONSTANT PACfinc8 = 2e-2                      ! permeability area value (PA term)  
CONSTANT PACfoutc8 = 2e-2                    ! permeability area value (PA term)  
CONSTANT PACLinc8 = 1e-2                     ! permeability area value (PA term)  
CONSTANT PACLoutc8 =1e-2                    ! permeability area value (PA term)  
 
!Decane 
CONSTANT PACBrin = 3.5e-2  ! permeability area value (PA term)  
CONSTANT PACBrout = 1e-1  ! permeability area value (PA term)  
CONSTANT PACfin = 2e-2                          ! permeability area value (PA term)  
CONSTANT PACfout = 2e-2                        ! permeability area value (PA term)  
CONSTANT PACLin = 1e-2                         ! permeability area value (PA term)  
CONSTANT PACLout =1e-2                        ! permeability area value (PA term)  
CONSTANT PACF = 2.35                             ! permeability area value (PA term)  
CONSTANT PACL = 1.1                               ! permeability area value (PA term)  
                    
!Tetradecane 
CONSTANT PACBrinC14 = 3.5e-2              ! permeability area value (PA term)  
CONSTANT PACBroutC14 = 1e-1               ! permeability area value (PA term)  
CONSTANT PACfinC14 = 7.57e-3               ! permeability area value (PA term)  
CONSTANT PACfoutC14 = 7.57e-3             ! permeability area value (PA term)  
CONSTANT PACLinC14 = 1e-2                   ! permeability area value (PA term)  
CONSTANT PACLoutC14 =1e-2                  ! permeability area value (PA term)  
 
!Lump 1 
CONSTANT PACFlp=0.95                            ! permeability area value (PA term) 
 
!Lump 2 

 



 179 

CONSTANT PACBrinlump = 3.5e-2  ! permeability area value (PA term)  
CONSTANT PACBroutlump = 1e-1  ! permeability area value (PA term)  
CONSTANT PACfinlump = 2e-2  ! permeability area value (PA term)  
CONSTANT PACfoutlump = 2e-2  ! permeability area value (PA term)  
CONSTANT PACLinlump = 1e-2  ! permeability area value (PA term)  
CONSTANT PACLoutlump =1e-2  ! permeability area value (PA term) 
 
!Lump 3 
CONSTANT PACBrinLUMP3 = 3.5e-2        ! permeability area value (PA term)  
CONSTANT PACBroutLUMP3 = 1e-1         ! permeability area value (PA term)  
CONSTANT PACfinLUMP3 = 7.6e-3           ! permeability area value (PA term) 
CONSTANT PACfoutLUMP3 = 7.6e-3         ! permeability area value (PA term) 
CONSTANT PACLinLUMP3 = 1e-2             ! permeability area value (PA term)  
CONSTANT PACLoutLUMP3 =1e-2            ! permeability area value (PA term)  
 
 
!-----------------------[METABOLISM PARAMETERS]-------------------------------------------------- 
!Metabolism Parameters (m-Xylene) 
CONSTANT Vmaxmxc = 8.75                      ! vamxc, Campbell and Fisher, 2007, mg/hr/kg^0.75   
CONSTANT Kmmx = 0.87                           ! km, Campbell and Fisher, 2007 
CONSTANT Kimx = 0.87   ! Interaction term, Set to km 
 
!Metabolism Parameters (Ethylbenzene) 
CONSTANT Vmaxebzc = 6.01  ! vamxc, Campbell and Fisher, 2007  
CONSTANT Kmebz = 0.67   ! km, Campbell and Fisher, 2007  
CONSTANT Kiebz = 0.67   ! Interaction term, set to km  
 
!Metabolism Parameters (Toluene) 
CONSTANT Vmaxtlc = 3.44             !vmaxc, Haddid et al., 1999 
CONSTANT Kmtl = 0.13               !km, Haddid et al., 1999 
CONSTANT Kitl = 0.13             !Interaction term, set to km 
 
!Metabolism Parameters (C8) 
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CONSTANT vmaxCc8=35.5   !vmaxc, fit 
CONSTANT kmc8=1.5   !km, Fit 
CONSTANT kic8=0.75   !Interaction term, fit  
 
!Metabolism Parameters (C10)  
CONSTANT Vmaxc  = 10.0                      ! vmaxc, fit 
CONSTANT Km    = 1.5               ! km,  Mortensen, et al 2000 
CONSTANT Ki    = 1.5                       ! Interaction term, set to km 
 
!Metabolism Parameters (C14)  
CONSTANT VmaxcC14  = 0                      ! No reported metabolism 
CONSTANT KmC14    = 10000                  ! No reported metabolism 
CONSTANT KiC14    = 10000                    ! No reported interactions 
 
!Metabolism Parameters (Lump 1) 
CONSTANT vmaxlpc = 2.50                        ! vmaxc, Campbell and Fisher, 2007 
CONSTANT Kmlp = 0.75   ! km, Campbell and Fisher, 2007 
CONSTANT Kilp = 0.75   ! Interaction term, set to km 
 
!Metabolism Parameters (Lump 2) 
CONSTANT kmlump=1.6   ! vmaxc, fit from decane 
CONSTANT vmaxClump=10.22  ! km, fit from decane 
CONSTANT kilump=1.6   ! Interaction term, set to km 
 
!Metabolism Parameters (Lump3) 
CONSTANT vmaxClump3=0  ! No reported metabolism 
CONSTANT kmlump3=10000             ! No reported metabolism 
CONSTANT kilump3=10000                        ! No reported interactions 
 
 
 
 
END ! INITIAL 
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 DYNAMIC 
 
  ALGORITHM IALG = 14 
  NSTEPS    NSTP = 1 
  MAXTERVAL MAXT = 1.0e9 
  MINTERVAL MINT = 1.0e-9 
  CINTERVAL CINT = 0.04 
 
   DERIVATIVE 
 
! code for calulating the derivative goes here    
!------------------------[Flow Equations]----------------------------------------  
Qbal = (QC-(QR+QS+QF+QL+Qno+Qbr))*100!+qf2 Q balance, 0.0 Jan 12, 2009 
QC  = QCC*BW**0.75     ! Cardiac output - L/hr 
QP  = QPC*BW**0.75               ! Pulmonary ventilation rate 
QBr = QBrC*QC                 ! Blood flow to brain  
QL  = QLC*QC                          ! Blood flow to liver  
QF  = QFC*QC      ! Blood flow to fat  
QLu = QLuC*QC                       ! Blood flow to lungs 
QR  = 0.78*QC-QL-QBr-QNo-Qtb   ! Q-fast  
QS  = 0.22*QC-QF                    ! Q-slow 
Qno = Qnoc*QC                        ! blood flow to nasal compartment (l/hr) 
Qtb = Qtbc*QC                          ! blood flow to tracheobronchial compartment (l/hr) 
 
!-------------------------[TISSUE VOLUMES]-------------------------------------------- 
!Volume Equations 
Vbal = ((VL+VLU+VNO+VBR+VR+VF+VS+vtb)/BW)*100  ! Vol balance checking  
VR  = 0.11*BW - VBr-Vlu-Vno-VL-vtb ! Rapidly Perfused  
VS  = 0.80*BW - Vf                           ! Slowly Perfused  
VF  = VFC*BW                                  ! fat) 
VL  = VLC*BW                                 ! liver  
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VBr = VBrC*BW                               ! brain 
VLu = VLuC*BW                              ! lung 
 
 
NasSA = olfsa+ressa                               ! nasal mucosa SA 
Nasthick=olfthick+resthick                     ! nasal mucosa thickness 
Vno = NasSA*(BW**0.75)*Nasthick/1000  ! nasal mucosa volume 
Vtb = tbSA*(BW**0.75)*tbthick/1000  ! tb volume 
Vnasmuclayer = VnasmuclayerC*BW   ! volume of mucous coating nasal passage rat 
Vtbmuclayer =  VtbmuclayerC*BW      ! volume of lung and lung and tb lining fluid 
 
!---------------[BLOOD VOLUMES]------------------------------------------------ 
Bvbr = Bvbrc*VBr              ! blood volume brain calculation (Perleberg et al., 2004) 
Bvf  = Bvfc*VF                              ! fat  
Bvl  = Bvlc*VL                    ! blood volume liver calculation 
 
!-------------------[METABOLISM]----------------------------------------------- 
VMAXC8=VMAXCC8*BW**0.75  !Octane 
VMAX = vmaxc*BW**0.75   ! Decane 
VMAXC14=VMAXCC14*BW**0.75  !Tetradecane (No reported metabolism) 
VMAXmx = Vmaxmxc*BW**0.75  !m-Xylene 
VMAXebz = Vmaxebzc*BW**0.75 !Ethylbenzene 
VMAXtl = Vmaxtlc*BW**0.75  !Toluene 
VMAXlp = Vmaxlpc*BW**0.75  !Lump 1 
VMAXlump=VMAXCLUMP*BW**0.75  ! Lump 2 
VMAXlump3=VMAXCLUMP3*BW**0.75  ! Lump 3 (No reported metabolism) 
 
!-----------------------[PERMEABILITY AREA TERMS]------------------------------- 
!PA Terms for Fat for Aromatics and Lump1 
PAFmx=PACFmx*BW**0.75 ! 
PAFebz=PACFebz*BW**0.75 ! 
PAFtl=PACFtl*BW**0.75 ! 
PAFlp=PACFlp*BW**0.75 ! 
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!Decane 
PABrin = PACBrin*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PABrout = PACBrout*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PALin = PACLin*BW**0.75       ! permeability area value "into" (PA term ) brain 
PALout = PACLout*BW**0.75       ! permeability area value "out" (PA term ) brain 
PAfin = PACfin*BW**0.75       ! permeability area value "into" (PA term ) brain 
PAfout = PACfout*BW**0.75       ! permeability area value "out" (PA term ) brain 
PA1  = PAC1*BW**0.75         ! permeability area 
PAnose  = PACnose*BW**0.75        ! permeability area  
 
!AROMATICS Lung PA 
PA1tol=PAC1tol* BW **0.75                    ! permeability area  
PA1ebz2008=PAC1ebz2008* BW **0.75  ! permeability area 
PA1mx2008=PAC1mx2008* BW **0.75   ! permeability area 
 
! Aromatics Nasal PA 
PANOSEtol=PAcNOSetol*bw**0.75                    ! permeability area 
PANOSEmx2008=PAcNOSemx2008*bw**0.75   ! permeability area 
PANOSEebz2008=PAcNOSeebz2008*bw**0.75   ! permeability area 
 
! Lump 1 
PA1LP=PAC1LP*bw**0.75 
PANOSElp=PACNOSElp*bw**0.75 
 
!C8 
PALinc8  =  PACLinc8*BW**0.75       ! permeability area value "into" (PA term) Liver        
PALoutc8  =  PACLoutc8*BW**0.75       ! permeability area value "out" (PA term) Liver        
PALuc8 =  PACLuc8*BW**0.75      ! permeability area value "into" (PA term) Lung        
PABrinc8 = PACBrinc8*BW**0.75       ! permeability area value "in" L/hr (PA term ) brain 
PABroutc8 = PACBroutc8*BW**0.75       ! permeability area value "out" L/hr (PA term ) brain 
PAfinc8 = PACfinc8*BW**0.75   ! permeability area 
PAfoutc8 = PACfoutc8*BW**0.75   ! permeability area 
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PANOSEc8=PAcNOSec8*bw**0.75   ! permeability area 
PA1c8=PAC1c8*bw**0.75! permeability area 
 
!C14 
PALinC14  =  PACLinC14*BW**0.75       ! permeability area value "into" (PA term) Liver        
PALoutC14  =  PACLoutC14*BW**0.75       ! permeability area value "into" (PA term) Liver        
PALuC14 =  PACLuC14*BW**0.75      ! permeability area value "into" (PA term) Lung        
PABrinC14 = PACBrinC14*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PABroutC14 = PACBroutC14*BW**0.75       ! permeability area value "out" L/hr (PA term ) brain 
PAfinC14 = PACfinC14*BW**0.75     ! permeability area 
PAfoutC14 = PACfoutC14*BW**0.75    ! permeability area 
PANOSEC14=PAcNOSeC14*bw**0.75   ! permeability area 
PA1C14=PAC1C14*bw**0.75! permeability area 
 
!LUMP 1 
PALinLUMP1  =  PACLinLUMP1*BW**0.75       ! permeability area value "into" (PA term) Liver        
PALoutLUMP1  =  PACLoutLUMP1*BW**0.75       ! permeability area value "out" (PA term) Liver        
PALuLUMP1 =  PACLuLUMP1*BW**0.75      ! permeability area value "into" (PA term) Lung        
PABrinLUMP1 = PACBrinLUMP1*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PABroutLUMP1 = PACBroutLUMP1*BW**0.75       ! permeability area value "out" L/hr (PA term ) brain 
PAfinLUMP1 = PACfinLUMP1*BW**0.75   ! permeability area 
PAfoutLUMP1 = PACfoutLUMP1*BW**0.75   ! permeability area 
PANOSELUMP1=PAcNOSeLUMP1* BW **0.75   ! permeability area 
PA1LUMP1=PAC1LUMP1* BW **0.75! permeability area 
 
!LUMP 2 
PABrinlump = PACBrinlump*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PABroutlump = PACBroutlump*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PALinlump = PACLinlump*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PALoutlump = PACLoutlump*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PAFlump  = PACFlump*BW**0.75        ! permeability area value "into" L/hr (PA term ) fat 
PAfinlump = PACfinlump*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PAfoutlump = PACfoutlump*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 

 



 185 

PANOSELUMP=PAcNOSELUMP*BW**0.75    ! permeability area 
PA1LUMP=PAC1LUMP*bw**0.75   ! permeability area 
 
!LUMP3 
PALinLUMP3  =  PACLLUMP3*BW**0.75       ! permeability area value "into" (PA term) Liver        
PALoutLUMP3  =  PACLoutLUMP3*BW**0.75       ! permeability area value "into" (PA term) Liver        
PASinLUMP3= PACSinLUMP3*BW**0.75 
PASoutLUMP3 = PACSoutLUMP3*BW**0.75 
PALuCLUMP3 =  PACLuLUMP3*BW**0.75      ! permeability area value "into" (PA term) Lung        
PABrinLUMP3 = PACBrinLUMP3*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PABroutLUMP3 = PACBroutLUMP3*BW**0.75       ! permeability area value "into" L/hr (PA term ) brain 
PAfinLUMP3 = PACfinLUMP3*BW**0.75 
PAfoutLUMP3 = PACfoutLUMP3*BW**0.75 
PANOSELUMP3=PAcNOSeLUMP3*bw**0.75 
PA1LUMP3=PAC1LUMP3*bw**0.75 
 
 
!-----------------------------[PARTITION COEFFICIENTS]----------------------- 
!C8 
PLc8  =  (PLAc8/PBc8)           ! Liver : blood partition coefficient  
PFc8  = (PFAc8/PBc8)            ! Fat : Blood partition coefficient  
PBrc8 = (PBrAc8/PBc8)     ! Brain:Blood PC unpublished  
PSc8  = (PSAc8/PBc8)      ! Slowly perfused tissue:blood, muscle  
PRc8  = (PRAc8/PBc8)      ! Rapidly perfused tissue:blood partition, liver 
PLuc8 = (PLuAc8/PBc8)         ! Lung : blood partition coefficient (set to same as liver then fit, as per Reiko Decane 
Pnoc8 = (PLuAc8/PBc8)         ! P nose set to lung PC 
Ptbc8 = (PLuAc8/PBc8)           ! P tb set to lung PC 
  
!C10 
PL  =  (PLA/PB)                       ! Liver : blood partition coefficient  
PF  = (PFA/PB)                        ! Fat : Blood partition coefficient  
PBr = (PBrA/PB)                     ! Brain:Blood PC  
PS  = (PSA/PB)                        ! Slowly perfused tissue:blood, muscle  
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PR  = (PRA/PB)                       ! Rapidly perfused tissue:blood partition, liver 
PLu = (PLuA/PB)                    ! Lung : blood partition coefficient (set to same as liver then fit, as per Reiko Decane 
Pno = (PLuA/PB)                     ! P nose set to lung PC 
Ptb = (PLuA/PB)                     ! P tb set to lung PC 
 
!C14 
PLc14  =  (PLAc14)         ! Liver : blood partition coefficient  
PFc14  = (PFAc14)         ! Fat : Blood partition coefficient  
PBrc14 = (PBrAc14)           ! Brain:Blood PC unpublished  
PSc14  = (PSAc14)  ! Slowly perfused tissue:blood, muscle  
PRc14  = (PRAc14)  ! Rapidly perfused tissue:blood partition, liver 
PLuc14 = (PLuAc14)    ! Lung : blood partition coefficient (set to same as liver then fit, as per Reiko Decane 
Pnoc14 = (PLuAc14)  ! P nose set to lung PC 
Ptbc14 = (PLuAc14) ! P tb set to lung PC 
 PdL2bc14 =(PFAc14) 
 
 
!Lump 2 
PLLUMP  =  (PLALUMP/PBLUMP)           ! Liver : blood partition coefficient  
PFLUMP  = (PFALUMP/PBLUMP)  ! Fat : Blood partition coefficient  
PBrLUMP = (PBrALUMP/PBLUMP)     ! Brain:Blood PC unpublished  
PSLUMP  = (PSALUMP/PBLUMP)   ! Slowly perfused tissue:blood, muscle  
PRLUMP  = (PRALUMP/PBLUMP)! Rapidly perfused tissue:blood partition, liver 
PLuLUMP = (PLuALUMP/PBLUMP)! Lung : blood partition coefficient (set to same as liver then fit, as per Reiko Decane 
PnoLUMP = (PLuALUMP/PBLUMP)! P nose set to lung PC 
PtbLUMP = (PLuALUMP/PBLUMP)! P tb set to lung PC 
 
!LUMP3 
PLLUMP3  = PLALUMP3          ! Liver : blood partition coefficient  
PFLUMP3  = PFALUMP3            ! Fat : Blood partition coefficient  
PBrLUMP3 = PBrALUMP3     ! Brain:Blood PC unpublished  
PSLUMP3  = PSALUMP3           ! Slowly perfused tissue:blood, muscle  
PRLUMP3  = PRALUMP3        ! Rapidly perfused tissue:blood partition, liver 
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PLuLUMP3 = PLuALUMP3     ! Lung : blood partition coefficient  
PnoLUMP3 = PLuALUMP3     ! P nose set to lung PC 
PtbLUMP3 = PLuALUMP3       ! P tb set to lung PC 
 PdL2bLUMP3 =PFALUMP3    ! 
!---Shep toluene aerosol phase--------------------------------------- 
kInhPUtol =  QP * CIatol * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOtol = QP * CIatol * (fdepositNO)        ! nasal region 
kIvtol =  QP * CIvtol        ! vapor 
 
!{Exposure parameters tol} 
 !exposure =  pulse(0.0,exptime, tchng)  
CIXtol = (ICONitol*MWTL/24450)    ! Inhaled concentration to mg/L 
CIvtol = (CIXtol*perc_vaportol)*exposure      ! Turn on vapor inhalation  
CIatol = ((CIXtol*perc_aerosoltol)* exposure)!      ! Turn on aerosol in MPPD2 
CItol=CIvtol+CIatol    
   
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
Rnintaketol=kinhnotol 
Rnmucoustol = (Rnintaketol-PAnosetol*Cnmucoustol) 
anmucoustol = integ(rnmucoustol,0.0) 
cnmucoustol = anmucoustol/vnasmuclayer 
!nasal tissue 
Rnasalttol = (PAnosetol*cnmucoustol) + Qno*(catol-cvnotol)  
anasalttol= integ(rnasalttol,0.0) 
cnasalttol=anasalttol/vno 
cvnotol = cnasalttol/pnotol 
Atnotol = anasalttol! 
 
!Nasal Compartment Mass Balance 
mbnotol = (anaslost2tol+anoseintol) - (anasalttol+anoseouttol) 
rnoseintol=qno*ca1tol 
anoseintol=integ(rnoseintol,0.0) 
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rnoseouttol=qno*cvnotol 
anoseouttol=integ(rnoseouttol,0.0) 
rnaslost2tol=panose*cnmucoustol 
anaslost2tol=integ(rnaslost2tol,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintaketol=kinhputol 
RLmucoustol = (RLintaketol-PA1tol*CLmucoustol) 
aLmucoustol = integ(rLmucoustol,0.0) 
CLmucoustol = aLmucoustol/vtbmuclayer 
!Lung tissue 
Rlungtol = (QC*(Ca1tol-Catol)+(PA1tol*clmucoustol))     
alungttol= integ(rlungtol,0.0)  ! 
clungttol=alungttol/vlu ! 
catol = clungttol/plutol !  
 
CA1tol = (QC*Cvtol+Qp*Civtol)/(QC+(QP/PwBtl))  
        CXtol = CA1tol/PwBtl  
        rAXtol = QP*CXtol 
axtol=integ(raxtol,0.0) 
CXPPMtol=(0.7*cxtol+0.3*citol)*24450/MWTL 
   
Atputol =alungttol  
 
!Lung Compartment Mass Balance 
mblungstol = (alunglost2tol+alungintol) - (alungttol+alungouttol) 
rlungintol=qc*ca1tol 
alungintol=integ(rlungintol,0.0) 
rlungouttol=qc*catol 
alungouttol=integ(rlungouttol,0.0) 
rlunglost2tol=pa1*clmucoustol 
alunglost2tol=integ(rlunglost2tol,0.0) 
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rlungvaportol=QP*CIVtol 
alungvaportol=integ(rlungvaportol,0.0) 
 
 
!CV = Mixed venous blood concentration (mg/l)'  
 CVtol = (QF*CVFtol+QL*CVLtol+QS*CVStol+QR*CVRtol+QBr*CVBrtol+qno*cvnotol)/QC  
 CVAUCtol= integ(cvtol,0.) 
 
!AX = Amount inhaled (mg)'  
  RAItol = QP*CItol 
  AItol =integ(RAItol,0.) 
  !doseinhtol= aitol-axtol  
 
!AS = Amount in slowly perfused tissues (mg)' 
 RAStol = QS*(CAtol-CVStol) 
   AStol = INTEG(RAStol,0.) 
  CVStol = AStol/(VS*PStl) 
   CStol = AStol/VS 
  
!AR = Amount in rapidly perfused tissues (mg)'  
  RARtol = QR*(CAtol-CVRtol) 
        ARtol = INTEG(RARtol,0.) 
        CVRtol = ARtol/(VR*PRtl) 
        CRtol = ARtol/VR  
 
!AF = Amount in fat tissue (mg) 
 
    RAVFtol= QF*(CAtol-CVFtol)+((PAFtl*CFtol)/PFtl)-(PAFtl*CVFtol) 
 AVFtol=INTEG(RAVFtol,0.) 
 CVFtol=AVFtol/(BVF*VF) 
   
 RAFtol=PAFtl*CVFtol-(PAFtl*CFtol)/PFtl 
 AFtol=INTEG(RAFtol,0.) 
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 CFtol=AFtol/((1-BVF)*VF) 
    AUCFtol=INTEG(CFtol,0.) 
   
!AB = Amount in brain tissue  
      RABrtol = QBr*(CAtol-CVBrtol)  
      ABtol = INTEG(RABrtol,0.) 
      CVBrtol = ABtol/(VBr*PBtl) 
      CBrtol = ABtol/VBr 
 
!AL = Amount in liver tissue (mg)' 
      RALtol = QL*(CAtol-CVLtol)-RAMtol 
   ALtol=INTEG(RALtol,0.) 
   CVLtol=ALtol/(PLtl*VL) 
   CLtol=ALtol/VL 
  
      !MASS = mass balance (mg) 
        MASStol = AFtol+ALtol+AStol+ARtol+AXtol+ABtol+amtol+atnotol+alungttol 
      masbaltol=aitol-masstol 
mb5tol=(alunglost2tol+anaslost2tol+alungvaportol)-masstol 
 
 
!---------- EBZ Aerosol Phase------------------------------------------------ 
!ethylbenzene code 
kInhPUebz2008 =  QP * CIaebz2008 * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOebz2008 = QP * CIaebz2008 * (fdepositNO)        ! nasal region 
kIvebz2008 =  QP * CIvebz2008        ! vapor 
 
!{Exposure parameters tol} 
 !exposure =  pulse(0.0,exptime, tchng)  
CIXebz2008 = (ICONiebz2008*MWEBZ/24450)                                  ! Inhaled concentration, converts ppm to mg/L ,conversion is 
mg/L=(Xppm)(MW)/24450, 0.798 is total retention for C14-only 
CIvebz2008 = (CIXebz2008*perc_vaporebz2008)*exposure      ! Turn on vapor inhalation   
CIaebz2008 = ((CIXebz2008*perc_aerosolebz2008)* exposure)!*ff      ! Turn on aerosol in MPPD2 
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CIebz2008=CIvebz2008+CIaebz2008    
  
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
Rnintakeebz2008=kinhnoebz2008 
Rnmucousebz2008 = (Rnintakeebz2008-PAnoseebz2008*Cnmucousebz2008) 
anmucousebz2008 = integ(rnmucousebz2008,0.0) 
cnmucousebz2008 = anmucousebz2008/vnasmuclayer 
!nasal tissue 
Rnasaltebz2008 = (PAnoseebz2008*cnmucousebz2008) + Qno*(caebz2008-cvnoebz2008)  
anasaltebz2008= integ(rnasaltebz2008,0.0) 
cnasaltebz2008=anasaltebz2008/vno 
cvnoebz2008 = cnasaltebz2008/pnoebz2008 
Atnoebz2008 = anasaltebz2008! 
 
!Nasal Compartment Mass Balance 
Mbnoebz2008 = (anaslost2ebz2008+anoseinebz2008) - (anasaltebz2008+anoseoutebz2008) 
rnoseinebz2008=qno*ca1ebz2008 
anoseinebz2008=integ(rnoseinebz2008,0.0) 
rnoseoutebz2008=qno*cvnoebz2008 
anoseoutebz2008=integ(rnoseouebz2008,0.0) 
rnaslost2ebz2008=panose*cnmucousebz2008 
anaslost2ebz2008=integ(rnaslost2ebz2008,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintakeebz2008=kinhpuebz2008 
RLmucousebz2008 = (RLintakeebz2008-PA1ebz2008*CLmucousebz2008) 
aLmucousebz2008 = integ(rLmucousebz2008,0.0) 
CLmucousebz2008 = aLmucousebz2008/vtbmuclayer 
!Lung tissue 
Rlungebz2008 = (QC*(Ca1ebz2008-Caebz2008)+(PA1ebz2008*clmucousebz2008))    
alungtebz2008= integ(rlungebz2008,0.0)  ! 
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clungtebz2008=alungtebz2008/vlu ! 
caebz2008 = clungtebz2008/pluebz2008 !  
 
 
CA1ebz2008 = (QC*Cvebz2008+Qp*Civebz2008)/(QC+(QP/PwBebz))  
        CXebz2008 = CA1ebz2008/PwBebz  
        rAXebz2008 = QP*CXebz2008 
axebz2008=integ(raxebz2008,0.0) 
CXPPMebz2008=(0.7*cxebz2008+0.3*ciebz2008)*24450/MWEBZ 
   
Atpuebz2008 =alungtebz2008  
 
!Lung Compartment Mass Balance 
mblungsebz2008 = (alunglost2ebz2008+alunginebz2008) - (alungtebz2008+alungoutebz2008)! 
rlunginebz2008=qc*ca1ebz2008 
alunginebz2008=integ(rlunginebz2008,0.0) 
rlungoutebz2008=qc*caebz2008 
alungoutebz2008=integ(rlungoutebz2008,0.0) 
rlunglost2ebz2008=pa1 ebz2008*clmucousebz2008 
alunglost2ebz2008=integ(rlunglost2ebz2008,0.0) 
rlungvaporebz2008=QP*CIVebz2008 
alungvaporebz2008=integ(rlungvaporebz2008,0.0) 
 
!CV = Mixed venous blood concentration (mg/l)'  
 CVebz2008 = 
(QF*CVFebz2008+QL*CVLebz2008+QS*CVSebz2008+QR*CVRebz2008+QBr*CVBrebz2008+Qno*CVnoebz2008)/QC  
 CVAUCebz2008= integ(cvebz2008,0.) 
 
!AX = Amount exhaled (mg)'  
   RAIebz2008 = QP*CIebz2008 
  AIebz2008 =integ(RAIebz2008,0.) 
  !doseinhebz2008= aiebz2008-axebz2008 
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!AS = Amount in slowly perfused tissues (mg)' 
 RASebz2008 = QS*(CAebz2008-CVSebz2008) 
   ASebz2008 = INTEG(RASebz2008,0.) 
  CVSebz2008 = ASebz2008/(VS*PSebz) 
   CSebz2008 = ASebz2008/VS 
  
!AR = Amount in rapidly perfused tissues (mg)'  
  RARebz2008 = QR*(CAebz2008-CVRebz2008) 
        ARebz2008 = INTEG(RARebz2008,0.) 
        CVRebz2008 = ARebz2008/(VR*PRebz) 
        CRebz2008 = ARebz2008/VR  
 
!AF = Amount in fat tissue (mg) 
    RAVFebz2008= QF*(CAebz2008-CVFebz2008)+((PAFebz*CFebz2008)/PFebz)-(PAFebz*CVFebz2008) 
 AVFebz2008=INTEG(RAVFebz2008,0.) 
 CVFebz2008=AVFebz2008/(BVF*VF) 
   
 RAFebz2008=PAFebz*CVFebz2008-(PAFebz*CFebz2008)/PFebz 
 AFebz2008=INTEG(RAFebz2008,0.) 
 CFebz2008=AFebz2008/((1-BVF)*VF) 
    AUCFebz2008=INTEG(CFebz2008,0.) 
  
 !RAFebz = QF*(CAebz-CVFebz) 
 !AFebz=INTEG(RAFebz,0.) 
 !CVFebz=AFebz/(PFebz*VF) 
 !CFebz=AFebz/VF 
  
!AB = Amount in brain tissue diffusion limited(mg)' 
      RABrebz2008 = QBr*(CAebz2008-CVBrebz2008)  
      ABebz2008 = INTEG(RABrebz2008,0.) 
      CVBrebz2008 = ABebz2008/(VBr*PBebz) 
      CBrebz2008 = ABebz2008/VBr 
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!AL = Amount in liver tissue (mg)' 
      RALebz2008 = QL*(CAebz2008-CVLebz2008)-RAMebz2008 
   ALebz2008=INTEG(RALebz2008,0.) 
   CVLebz2008=ALebz2008/(PLebz*VL) 
   CLebz2008=ALebz2008/VL 
    
      !MASS = mass balance (mg) 
       MASSebz2008 = 
AFebz2008+ALebz2008+ASebz2008+ARebz2008+AXebz2008+ABebz2008+amebz2008+atnoebz2008+alungtebz2008 
      massbalebz2008=aiebz-massebz2008 
mb5ebz2008=(alunglost2ebz2008+anaslost2ebz2008+alungvaporebz2008)-massebz2008 
 
 
!--------------------- m-Xylene Aerosol Phase Model-------------------------------- 
!ethylbenzene code 
kInhPUmx2008  =  QP * CIamx2008  * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOmx2008  = QP * CIamx2008  * (fdepositNO)        ! nasal region 
kIvmx2008  =  QP * CIvmx2008         ! vapor 
 
!{Exposure parameters tol} 
 !exposure =  pulse(0.0,exptime, tchng)  
CIXmx2008  = (ICONimx2008 *MWMX/24450)                                  ! Inhaled concentration, converts to mg/L 
 CIvmx2008  = (CIXmx2008 *perc_vapormx2008 )*exposure      ! Turn on vapor inhalation  
CIamx2008 = ((CIXmx2008 *perc_aerosolmx2008 )* exposure)!*ff      ! Turn on aerosol in MPPD2 
CImx2008 =CIvmx2008 +CIamx2008     
    
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
Rnintakemx2008 =kinhnomx2008 
Rnmucousmx2008  = (Rnintakemx2008 -PAnosemx2008 *Cnmucousmx2008 ) 
anmucousmx2008  = integ(rnmucousmx2008 ,0.0) 
cnmucousmx2008  = anmucousmx2008 /vnasmuclayer 
!nasal tissue 
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!Rnasalt = (ff*(PAnose*cnmucous) + Qno*(ca1-cvno)) 
Rnasaltmx2008  = (PAnosemx2008 *cnmucousmx2008 ) + Qno*(camx2008 -cvnomx2008)  
anasaltmx2008 = integ(rnasaltmx2008 ,0.0) 
cnasaltmx2008 =anasaltmx2008 /vno 
cvnomx2008  = cnasaltmx2008 /pnomx2008  
Atnomx2008  = anasaltmx2008 ! 
 
!Nasal Compartment Mass Balance 
Mbnomx2008 = (anaslost2mx2008+anoseinmx2008) - (anasaltmx2008+anoseoutmx2008) 
rnoseinmx2008=qno*ca1mx2008 
anoseinmx2008=integ(rnoseinmx2008,0.0) 
rnoseoutmx2008=qno*cvnomx2008 
anoseoutmx2008=integ(rnoseoutmx2008,0.0) 
rnaslost2mx2008=panose mx2008*cnmucousmx2008 
anaslost2mx2008=integ(rnaslost2mx2008,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintakemx2008 =kinhpumx2008  
RLmucousmx2008  = (RLintakemx2008 -PA1mx2008 *CLmucousmx2008 ) 
aLmucousmx2008  = integ(rLmucousmx2008 ,0.0) 
CLmucousmx2008 = aLmucousmx2008 /vtbmuclayer 
!Lung tissue 
Rlungmx2008  = (QC*(Ca1mx2008 -Camx2008 )+(PA1mx2008 *clmucousmx2008))    !!!+(QP*CIV))!-((cLungt/plua)*QP))!- 
(PA2*(clungt/PLU)) 
alungtmx2008 = integ(rlungmx2008 ,0.0)  ! 
clungtmx2008=alungtmx2008/vlu ! 
camx2008  = clungtmx2008 /plumx2008  !  
 
CA1mx2008  = (QC*Cvmx2008 +Qp*Civmx2008 )/(QC+(QP/PwBmx))  
        CXmx2008  = CA1mx2008 /PwBmx  
        rAXmx2008  = QP*CXmx2008 
axmx2008 =integ(raxmx2008 ,0.0) 
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CXPPMmx2008 =(0.7*cxmx2008 +0.3*cimx2008 )*24450/MWMX 
   
Atpumx2008  =alungtmx2008  !  
 
 
 
!Lung Compartment Mass Balance 
mblungsmx2008 = (alunglost2mx2008+alunginmx2008) - (alungtmx2008+alungoutmx2008)! 
rlunginmx2008=qc*ca1mx2008 
alunginmx2008=integ(rlunginmx2008,0.0) 
rlungoutmx2008=qc*camx2008 
alungoutmx2008=integ(rlungoutmx2008,0.0) 
rlunglost2mx2008=pa1mx2008*clmucousmx2008 
alunglost2mx2008=integ(rlunglost2mx2008,0.0) 
rlungvapormx2008=QP*CIVmx2008 
alungvapormx2008=integ(rlungvapormx2008,0.0) 
 
 
!CV = Mixed venous blood concentration (mg/l)'  
 CVmx2008 = 
(QF*CVFmx2008+QL*CVLmx2008+QS*CVSmx2008+QR*CVRmx2008+QBr*CVBrmx2008+Qno*CVnomx2008)/QC  
 CVAUCmx2008= integ(cvmx2008,0.) 
 
!AX = Amount exhaled (mg)'  
  RAImx = QP*CImx 
  AImx =integ(RAImx,0.) 
  !doseinhmx= aimx-axmx 
 
!AS = Amount in slowly perfused tissues (mg)' 
 RASmx2008 = QS*(CAmx2008-CVSmx2008) 
   ASmx2008 = INTEG(RASmx2008,0.) 
  CVSmx2008 = ASmx2008/(VS*PSmx) 
   CSmx2008 = ASmx2008/VS 
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!AR = Amount in rapidly perfused tissues (mg)'  
        RARmx2008 = QR*(CAmx2008-CVRmx2008) 
        ARmx2008 = INTEG(RARmx2008,0.) 
        CVRmx2008 = ARmx2008/(VR*PRmx) 
        CRmx2008 = ARmx2008/VR  
 
!AF = Amount in fat tissue (mg) 
    RAVFmx2008= QF*(CAmx2008-CVFmx2008)+(PAFmx*CFmx2008)/PFmx-PAFmx*CVFmx2008 
 AVFmx2008=INTEG(RAVFmx2008,0.) 
 CVFmx2008=AVFmx2008/(BVF*VF) 
   
 RAFmx2008=PAFmx*CVFmx2008-(PAFmx*CFmx2008)/PFmx 
 AFmx2008=INTEG(RAFmx2008,0.) 
 CFmx2008=AFmx2008/((1-BVF)*VF) 
    AUCFmx2008=INTEG(CFmx2008,0.) 
  
 
!AB = Amount in brain tissue diffusion limited(mg)' 
   RABrmx2008 = QBr*(CAmx2008-CVBrmx2008)  
      ABmx2008 = INTEG(RABrmx2008,0.) 
      CVBrmx2008 = ABmx2008/(VBr*PBmx) 
      CBrmx2008 = ABmx2008/VBr 
 
!AL = Amount in liver tissue (mg)' 
      RALmx2008 = QL*(CAmx2008-CVLmx2008)-RAM1mx2008 
   ALmx2008=INTEG(RALmx2008,0.) 
   CVLmx2008=ALmx2008/(PLmx*VL) 
   CLmx2008=ALmx2008/VL 
    
      !MASS = mass balance (mg) 
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       MASSmx2008 = 
AFmx2008+ALmx2008+ASmx2008+ARmx2008+AXmx2008+ABmx2008+am1mx2008+atnomx2008+alungtmx2008      
masbalmx=aimx-massmx2008 
mb5mx2008=(alunglost2mx2008+anaslost2mx2008+alungvapormx2008)-massmx2008 
 
!-----------------------------------[LUMP 1]----------------------------------------------------------- 
kInhPULP =  QP * CIaLP * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOLP = QP * CIaLP * (fdepositNO)        ! nasal region 
kIvLP =  QP * CIvLP        ! vapor 
!{Exposure parameters LUMP} 
 !exposure =  pulse(0.0,exptime, tchng)  
CIXLP = (ICONiLP*MWLP/24450)              ! Inhaled concentration, converts to mg/L 
CIvLP = (CIXLP*perc_vaporLP)*exposure      ! Turn on vapor inhalation  
CIaLP = ((CIXLP*perc_aerosolLP)* exposure)     ! Turn on aerosol in MPPD2 
CILP=CIvLP+CIaLP                                               ! Total, is used for cxppm calculation 
 
!{Nasal Compartment LUMP} 
!transfer of chemical across mucous layer in nasal 
RnintakeLP=kinhnoLP 
RnmucousLP = (RnintakeLP-PAnoseLP*CnmucousLP) 
anmucousLP = integ(rnmucousLP,0.0) 
cnmucousLP = anmucousLP/vnasmuclayer 
!nasal tissue 
RnasaltLP = (PAnoseLP*cnmucousLP) + Qno*(calp-cvnoLP)  
anasaltLP= integ(rnasaltLP,0.0) 
cnasaltLP=anasaltLP/vno 
cvnoLP = cnasaltLP/pnoLP 
 
AtnoLP = anasaltLP! 
 
!Nasal Compartment Mass Balance 
Mbnolp = (anaslost2lp+anoseinlp) - (anasaltlp+anoseoutlp) 
rnoseinlp=qno*ca1mlp 
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anoseinlp=integ(rnoseinlp,0.0) 
rnoseoutlp=qno*cvnolp 
anoseoutlp=integ(rnoseoutlp,0.0) 
rnaslost2lp=panoselp*cnmucouslp 
anaslost2lp=integ(rnaslost2lp,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintakeLP=kinhpuLP 
RLmucousLP = (RLintakeLP-PA1LP*CLmucousLP) 
aLmucousLP = integ(rLmucousLP,0.0) 
CLmucousLP = aLmucousLP/vtbmuclayer 
!Lung tissue 
RlungLP = (QC*(Ca1LP-CaLP)+(PA1LP*clmucousLP))    !!!+(QP*CIV))!-((cLungt/plua)*QP))!- (PA2*(clungt/PLU)) 
alungtLP= integ(rlungLP,0.0)  ! 
clungtLP=alungtLP/vlu ! 
caLP = clungtLP/pluLP  ! 
 
CA1LP = (QC*CvLP+Qp*CivLP)/(QC+(QP/PwBLP))  
        CXLP = CA1LP/PwBLP  
        rAXLP = QP*CXLP 
axLP=integ(raxLP,0.0) 
CXPPMLP=(0.7*cxLP+0.3*ci)*24450/MWLP 
   
AtpuLP =alungtLP ! removed mucus 
 
!CV = Mixed venous blood concentration (mg/l)'  
 CVlp = (QF*CVFlp+QL*CVLlp+QS*CVSlp+QR*CVRlp+QBr*CVBrlp+Qno*cvnolp)/QC  
 CVAUClp= integ(cvlp,0.) 
 
!AX = Amount exhaled (mg)'  
  !CXlp = CAlp/PWBlp ! 
  !RAXlp = QP*CXlp !  
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  !AXlp = INTEG(RAXlp, 0.) !  
  RAIlp = QP*CIlp 
  AIlp =integ(RAIlp,0.) 
  !doseinhlp= ailp-axlp 
 
!AS = Amount in slowly perfused tissues (mg)' 
 RASlp = QS*(CAlp-CVSlp) 
   ASlp = INTEG(RASlp,0.) 
  CVSlp = ASlp/(VS*PSlp) 
   CSlp = ASlp/VS 
  
!AR = Amount in rapidly perfused tissues (mg)'  
  RARlp = QR*(CAlp-CVRlp) 
        ARlp = INTEG(RARlp,0.) 
        CVRlp = ARlp/(VR*PRlp) 
        CRlp = ARlp/VR  
 
!AF = Amount in fat tissue (mg) 
 
    RAVFlp= QF*(CAlp-CVFlp)+((PAFlp*CFlp)/PFlp)-(PAFlp*CVFlp) 
 AVFlp=INTEG(RAVFlp,0.) 
 CVFlp=AVFlp/(BVF*VF) 
   
 RAFlp=PAFlp*CVFlp-(PAFlp*CFlp)/PFlp 
 AFlp=INTEG(RAFlp,0.) 
 CFlp=AFlp/((1-BVF)*VF) 
    AUCFlp=INTEG(CFlp,0.) 
 
 
!AB = Amount in brain tissue diffusion limited(mg)' 
      RABrlp = QBr*(CAlp-CVBrlp)  
      ABrlp = INTEG(RABrlp,0.) 
      CVBrlp = ABrlp/(VBr*PBrlp) 
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      CBrlp = ABrlp/VBr 
    
!AL = Amount in liver tissue (mg)' 
      RALlp = QL*(CAlp-CVLlp)-RAMlp  
   ALlp=INTEG(RALlp,0.) 
   CVLlp=ALlp/(PLlp*VL) 
   CLlp=ALlp/VL 
    
      !MASS = mass balance (mg) 
       MASSlp = AFlp+AVFlp+ALlp+ASlp+ARlp+AXlp+ABrlp+amlp+atnolp+alungtlp 
      massballp=ailp-masslp 
mb5lp=(alunglost2lp+anaslost2lp+alungvaporlp)-masslp 
 
 
!-------------[OCTANE MODEL]------------------------------------------------------- 
kInhPUc8 =  QP * CIac8 * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOc8 = QP * CIac8 * (fdepositNO)        ! nasal region 
kIvc8 =  QP * CIvc8        ! vapor 
 
!{Exposure parameters LUMP} 
 !exposure =  pulse(0.0,exptime, tchng)  
CIXc8 = (ICONic8*MWC8/24450)                                  ! Inhaled concentration, converts to mg/L  
CIvc8 = (CIXc8*perc_vaporc8)*exposure      ! Turn on vapor inhalation  
CIac8 = ((CIXc8*perc_aerosolc8)* exposure)    ! Turn on aerosol in MPPD2 
CIc8=CIvc8+CIac8    
    
![SHALLOW + DEEP BLOOD octane] 
CVC8 =((QF*CVFc8 + QL*CVLc8 + QS*CVSc8 + QR*CVRc8 + QBr*CVBrc8 + qno*cvnoc8)/QC)!  venous       
CVAUC_c8 = integ(CVc8,0.0) ! 
 
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
Rnintakec8=kinhnoc8 
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Rnmucousc8 = (Rnintakec8-PAnosec8*Cnmucousc8) 
anmucousc8 = integ(rnmucousc8,0.0) 
cnmucousc8 = anmucousc8/vnasmuclayer 
!nasal tissue 
!Rnasalt = (ff*(PAnose*cnmucous) + Qno*(ca1-cvno)) 
Rnasaltc8 = (PAnosec8*cnmucousc8) + Qno*(cac8-cvnoc8) !Qno*(ca1-cvno) 
anasaltc8= integ(rnasaltc8,0.0) 
cnasaltc8=anasaltc8/vno 
cvnoc8 = cnasalt/pno 
 
Atnoc8 = anasaltc8! 
 
!Nasal Compartment Mass Balance 
mbnoc8 = (anaslost2+anosein) - (anasalt+anoseout) 
rnoseinc8=qno*ca1c8 
anoseinc8=integ(rnoseinc8,0.0) 
rnoseoutc8=qno*cvnoc8 
anoseoutc8=integ(rnoseoutc8,0.0) 
rnaslost2c8=panosec8*cnmucousc8 
anaslost2c8=integ(rnaslost2c8,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintakec8=kinhpuc8 
RLmucousc8 = (RLintakec8-PA1c8*CLmucousc8) 
aLmucousc8 = integ(rLmucousc8,0.0) 
CLmucousc8 = aLmucousc8/vtbmuclayer 
!Lung tissue 
Rlungc8 = (QC*(Ca1c8-Cac8)+(PA1c8*clmucousc8))    !!!+(QP*CIV))!-((cLungt/plua)*QP))!- (PA2*(clungt/PLU)) 
alungtc8= integ(rlungc8,0.0)  ! 
clungtc8=alungtc8/vlu ! 
cac8 = clungtc8/pluc8  ! 
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CA1c8 = (QC*Cvc8+Qp*Civc8)/(QC+(QP/PBc8))  
        CXc8 = CA1c8/PBc8  
        rAXc8 = QP*CXc8 
axc8=integ(raxc8,0.0) 
CXPPMc8=(0.7*cxc8+0.3*cic8)*24450/MWC8 
   
Atpuc8 =alungtc8 ! removed mucus 
 
!Lung Compartment Mass Balance 
mblungsc8 = (alunglost2c8+alunginc8) - (alungtc8+alungoutc8)!-(alunglost4) 
rlunginc8=qc*ca1c8 
alunginc8=integ(rlunginc8,0.0) 
rlungoutc8=qc*cac8 
alungoutc8=integ(rlungoutc8,0.0) 
rlunglost2c8=pa1c8*clmucousc8 
alunglost2c8=integ(rlunglost2c8,0.0) 
rlungvaporc8=QP*CIVc8 
alungvaporc8=integ(rlungvaporc8,0.0) 
 
!{RAPID} 
!Chemical in rapidly perfused tissue compartment (Perfusion) 
 RARc8 = QR*(cac8-CVRc8)                      !rate of change in rapidly perfused - mg/h    
   ARc8 = integ(RARc8, 0.0)                    !inital amount in viscera - mg 
 CRc8 = ARc8/VR                               !viscera concentration - mg/L 
 CVRc8 = CRc8/PRc8                              !concentration in venous capillary blood - mg/L 
 
!Rapid Compartment Mass Balance 
rapidmassbalc8=(arapidinc8)-(AR+arapidoutc8) 
rarapidinc8=qr*cac8 
arapidinc8 = integ(rarapidinc8,0.0) 
rarapidoutc8=qr*cvrc8 
arapidoutc8=integ(rarapidoutc8,0.0) 
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!{SLOW} 
!Chemical in slowly perfused tissue compartment (Perfusion) 
 RASc8 = QS*(cac8-CVSc8)                      !rate of change in slowly perfused  - mg/h    
   ASc8 = integ(RASc8, 0.0)                    !inital amount in slowly perfused tissue - mg 
 CSc8 = ASc8/VS                              !slowly perfused tissue concentration - mg/L 
 CVSc8 = CSc8/PSc8                             !concentration in venous blood - mg/L 
astotc8 = asc8 ! 
 
!Slow Compartment Mass Balance 
slowmassbalc8=(aslowinc8)-(ASc8+aslowoutc8) 
raslowinc8=qs*cac8 
aslowinc8 = integ(raslowinc8,0.0) 
raslowoutc8=qs*cvsc8 
aslowoutc8=integ(raslowoutc8,0.0) 
 
!{BRAIN} 
!chem brain blood (Diffusion) 
RABrbc8 = ((QBr*(cac8-CVBrc8)) - (PABrinc8*CVBrc8) + (PABroutc8*(CBrc8/PBrc8)))  !rate of change in brain blood amount - 
mg/h made 1st + not  
  ABrbc8 = integ(RABRbc8, 0.0)                                !initial amount in blood - mg 
 CVBrc8= ABrbc8/Bvbr                                         !concentration in brain blood 
!chem in brain tissue (Diffusion)  
RABrc8 = (PABrinc8*CVBrc8) - (PABroutc8*(CBrc8/PBrc8))                 !rate of change in brain tissue 
   ABrc8 = integ(rABrc8, 0.0)                                 !initial amount in tissue 
 CBrc8 = ABr/(VBr-Bvbr)                                     !concentration in brain tissue 
abrtotc8= abrc8+abrbc8                                          !total brain 
 
!Brain Compartment Mass Balance 
brainmassbalc8=(abraininc8+abraindiffinc8)-(Abrc8+abrainoutc8+abraindiffoutc8) 
rabraininc8=qbr*cac8 
abraininc8 = integ(rabraininc8,0.0) 
rabrainoutc8=qbr*cvbrc8 
abrainoutc8=integ(rabrainout,0.0) 
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rabraindiffinc8 =(PABrin*CVBr) 
abraindiffinc8 =integ (rabraindiffinc8,0.0) 
rabraindiffoutc8= PABroutc8*(CBrc8/PBrc8) 
abraindiffoutc8=integ(rabraindiffoutc8,0.0) 
 
!{FAT} 
!chem in fat blood (Diffusion) 
RAFbc8 = (QF*(cac8-CVFc8) - (PAFinc8*CVFc8) + (PAFoutc8*(CFc8/PFc8)))  !rate of change in fat blood amount - mg/h made 
add PAinf*cf/pf 
AFbc8 = integ(Rafbc8,0.0)                            !initial amount in blood - mg 
CVFc8 = AFbc8/Bvf                                      !concentration in fat blood              
 
!chem in shall fat tissue (Diffusion) 
RAFc8 = (PAFinc8*CVFc8) - (PAFoutc8*(Cfc8/Pfc8))! 
AFc8 = integ(Rafc8,0.0)        !initial amount in fat 
CFc8 = Afc8/(vf-bvf)             !concentration in fat tissue 
 
aftotc8=afc8+afbc8                                       !total fat amount 
 
!Fat Compartment 1 Mass Balance 
fatmassbalc8=(afatinc8+afatdiffinc8)-(AFc8+afatoutc8+afatdiffoutc8) 
rafatinc8=qf*cac8 
afatinc8 = integ(rafatinc8,0.0) 
rafatoutc8=qf*cvfc8 
afatoutc8=integ(rafatoutc8,0.0) 
rafatdiffinc8 =(PAfinc8*CVfc8) 
afatdiffinc8 =integ (rafatdiffinc8,0.0) 
rafatdiffoutc8= PAfoutc8*(Cfc8/Pfc8) 
afatdiffoutc8=integ(rafatdiffoutc8,0.0) 
 
 !{LIVER} rk-df liver 
!Chemical in liver blood (Diffusion) 
RALbc8 = QL*(Cac8-CVLc8) - (PALinc8*CVLc8) + (PALoutc8*(CLc8/PLc8))-RAMETc8   ! 
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 ALbc8 =integ(Ralbc8, 0.0)                    
 CVLc8 = ALbc8/BvL   
 !concentration in liver blood              
RALc8=(PALinc8*CVLc8) - (PALoutc8*(CLc8/PLc8)) 
ALc8 =integ(Ralc8, 0.0) 
 CLc8 = ALc8/(VL-BvL) 
ALtotc8 = ALbc8+ALc8 
 
!Liver Compartment Mass Balance 
livermassbalc8=(aliverinc8+aliverdiffinc8)-(Alc8+aliveroutc8+aliverdiffoutc8+ametc8) 
raliverinc8=ql*cac8 
aliverinc8 = integ(raliverinc8,0.0) 
raliveroutc8=ql*cvlc8 
aliverout=integ(raliveroutc8,0.0) 
raliverdiffinc8=(PALinc8*(CLc8/plc8)) 
aliverdiffinc8 =integ (rafatdiffinc8,0.0) 
raliverdiffoutc8= PAloutc8*(CLc8/plc8)) 
aliverdiffoutc8=integ(raliverdiffoutc8,0.0) 
raliverdiffoutc8= PAloutc8*(Clc8/Plc8) 
 
 
 
!Mass balance for c8 inhalation 
   Massc8  = AFtotc8 + AStotc8 + ARc8 + ALtotc8+ ABrtotc8 + axc8 + Atpuc8 +atnoc8 !  
mb5c8=(alunglost2c8+anaslost2c8+alungvaporc8)-massc8 
 
 
!--------------------[ DECANE MODEL CODE]---------------------------------- 
!{Exposure parameters, C10 model } 
!INHALATION FOR C10 
kInhPU =  QP * CIa * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNO = QP * CIa * (fdepositNO)        ! nasal region 
kIv =  QP * CIv        ! vapor 
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 exposure =  pulse(0.0,exptime, tchng)  
CIX = (ICONi*MW/24450)                                  ! Inhaled concentration, converts to mg/L ,conversion is 
mg/L=(Xppm)(MW)/24450, 0.798 is total retention for C14-only 
CIv = (CIX*perc_vapor)*exposure      ! Turn on vapor inhalation  
CIa = ((CIX*perc_aerosol)* exposure)!*ff      ! Turn on aerosol in MPPD2 
CI=CIv+CIa                                               ! Total, is used for cxppm calculation 
 
 
CV =((QF*CVF + QL*CVL + QS*CVS + QR*CVR + QBr*CVBr + qno*cvno)/QC)!     ! venous       
CVAUCc8 = integ(CVc8,0.0) ! 
 
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
Rnintake=kinhno 
Rnmucous = (Rnintake-PAnose*Cnmucous) 
anmucous = integ(rnmucous,0.0) 
cnmucous = anmucous/vnasmuclayer 
!nasal tissue 
!Rnasalt = (ff*(PAnose*cnmucous) + Qno*(ca1-cvno)) 
Rnasalt = (PAnose*cnmucous) + Qno*(ca-cvno) !Qno*(ca1-cvno) 
anasalt= integ(rnasalt,0.0) 
cnasalt=anasalt/vno 
cvno = cnasalt/pno 
 
Atno = anasalt! 
 
!Nasal Compartment Mass Balance 
mbno = (anaslost2+anosein) - (anasalt+anoseout) 
rnosein=qno*ca1 
anosein=integ(rnosein,0.0) 
rnoseout=qno*cvno 
anoseout=integ(rnoseout,0.0) 
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rnaslost2=panose*cnmucous 
anaslost2=integ(rnaslost2,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintake=kinhpu 
RLmucous = (RLintake-PA1*CLmucous) 
aLmucous = integ(rLmucous,0.0) 
CLmucous = aLmucous/vtbmuclayer 
!Lung tissue 
Rlung = (QC*(Ca1-Ca)+(PA1*clmucous))    !!!+(QP*CIV))!-((cLungt/plua)*QP))!- (PA2*(clungt/PLU)) 
alungt= integ(rlung,0.0)  ! 
clungt=alungt/vlu ! 
ca = clungt/plu !  
 
CA1 = (QC*Cv+Qp*Civ)/(QC+(QP/PB))  
        CX = CA1/PB  
        rAX = QP*CX 
ax=integ(rax,0.0) 
ai=qp*ci 
 
 CXPPM=(0.7*cx+0.3*ci)*24450/MW 
  
Atpu =alungt ! removed mucus 
 
!Lung Compartment Mass Balance 
mblungs = (alunglost2+alungin) - (alungt+alungout) 
rlungin=qc*ca1 
alungin=integ(rlungin,0.0) 
rlungout=qc*ca 
alungout=integ(rlungout,0.0) 
rlunglost2=pa1*clmucous 
alunglost2=integ(rlunglost2,0.0) 

 



 209 

rlungvapor=QP*CIV 
alungvapor=integ(rlungvapor,0.0) 
 
!{RAPID} 
!Chemical in rapidly perfused tissue compartment (Perfusion) 
 RAR = QR*(ca-CVR)                      !rate of change in rapidly perfused - mg/h    
   AR = integ(RAR, 0.0)                    !inital amount in viscera - mg 
 CR = AR/VR                               !viscera concentration - mg/L 
 CVR = CR/PR                              !concentration in venous capillary blood - mg/L 
 
!Rapid Compartment Mass Balance 
rapidmassbal=(arapidin)-(AR+arapidout) 
rarapidin=qr*ca 
arapidin = integ(rarapidin,0.0) 
rarapidout=qr*cvr 
arapidout=integ(rarapidout,0.0) 
 
!{SLOW} 
!Chemical in slowly perfused tissue compartment (Perfusion) 
 RAS = QS*(ca-CVS)                      !rate of change in slowly perfused  - mg/h    
   AS = integ(RAS, 0.0)                    !inital amount in slowly perfused tissue - mg 
 CS = AS/VS                              !slowly perfused tissue concentration - mg/L 
 CVS = CS/PS                             !concentration in venous blood - mg/L 
astot = as ! 
 
!Slow Compartment Mass Balance 
slowmassbal=(aslowin)-(AS+aslowout) 
raslowin=qs*ca 
aslowin = integ(raslowin,0.0) 
raslowout=qs*cvs 
aslowout=integ(raslowout,0.0) 
 
!{BRAIN} 
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!chem brain blood (Diffusion) 
RABrb = ((QBr*(ca-CVBr)) - (PABrin*CVBr) + (PABrout*(CBr/PBr)))  !  
  ABrb = integ(RABRb, 0.0)                                !initial amount in blood - mg 
 CVBr = ABrb/Bvbr                                         !concentration in brain blood 
!chem in brain tissue (Diffusion)  
RABr = (PABrin*CVBr) - (PABrout*(CBr/PBr))                 !rate of change in brain tissue 
   ABr = integ(rABr, 0.0)                                 !initial amount in tissue 
 CBr = ABr/(VBr-Bvbr)                                     !concentration in brain tissue 
abrtot= abr+abrb                                          !total brain 
 
!Brain Compartment Mass Balance 
brainmassbal=(abrainin+abraindiffin)-(Abr+abrainout+abraindiffout) 
rabrainin=qbr*ca 
abrainin = integ(rabrainin,0.0) 
rabrainout=qbr*cvbr 
abrainout=integ(rabrainout,0.0) 
rabraindiffin =(PABrin*CVBr) 
abraindiffin =integ (rabraindiffin,0.0) 
rabraindiffout= PABrout*(CBr/PBr) 
abraindiffout=integ(rabraindiffout,0.0) 
 
!{FAT} 
!chem in fat blood (Diffusion) 
RAFb = (QF*(ca-CVF) - (PAFin*CVF) + (PAFout*(CF/PF)))  !rate of change in fat blood amount - mg/h made add PAinf*cf/pf 
AFb = integ(Rafb,0.0)                            !initial amount in blood - mg 
CVF = AFb/Bvf                                      !concentration in fat blood              
 
!chem in shall fat tissue (Diffusion) 
RAF = (PAFin*CVF) - (PAFout*(Cf/Pf))           !rate of change in fat tissue 
AF = integ(Raf,0.0)             !initial amount in fat 
CF = Af/(vf-bvf)              !concentration in fat tissue 
!cvf=cf/pf 
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aftot=af+afb                                       !total fat amount 
 
!Fat Compartment 1 Mass Balance 
fatmassbal=(afatin+afatdiffin)-(AF+afatout+afatdiffout) 
rafatin=qf*ca 
afatin = integ(rafatin,0.0) 
rafatout=qf*cvf 
afatout=integ(rafatout,0.0) 
rafatdiffin =(PAfin*CVf) 
afatdiffin =integ (rafatdiffin,0.0) 
rafatdiffout= PAfout*(Cf/Pf) 
afatdiffout=integ(rafatdiffout,0.0) 
 
 
!{LIVER} rk-df liver 
!Chemical in liver blood (Diffusion) 
RALb = QL*(Ca-CVL) - (PALin*CVL) + (PALout*(CL/PL))-RAMET    
 ALb =integ(Ralb, 0.0)                             !initial amount in liver blood - mg 
 CVL = ALb/BvL   
RAL=(PALin*CVL) - (PALout*(CL/PL)) 
AL =integ(Ral, 0.0) 
 CL = AL/(VL-BvL) 
ALtot = ALb+AL 
 
  !Liver Compartment Mass Balance 
livermassbal=(aliverin+aliverdiffin)-(Al+aliverout+ aliverdiffout+amet) 
raliverin=ql*ca 
aliverin = integ(raliverin,0.0) 
raliverout=ql*cvl 
aliverout=integ(raliverout,0.0) 
raliverdiffin=(PALin*(CL/pl)) 
aliverdiffin =integ (rafatdiffin,0.0) 
raliverdiffout= PAlout*(Cl/(cl/pl)) 
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aliverdiffout=integ(raliverdiffout,0.0) 
  Mass  = AFtot + AStot + AR + ALtot+ ABrtot + ax + amet + Atpu +atno ! 
mb5=(alunglost2+anaslost2+alungvapor)-mass 
 
 
 
!-------------[C14 MODEL]-------------------------------------------------------- 
CIXC14 = (ICONiC14*MWC14/24450)                                  ! Inhaled concentration, converts ppm to mg/L ,conversion is 
mg/L=(Xppm)(MW)/24450, 0.798 is total retention for C14-only 
CIvC14 = (CIXC14*perc_vaporC14)*exposure      ! Turn on vapor inhalation  
CIaC14 = ((CIXC14*perc_aerosolC14)* exposure)!*ff      ! Turn on aerosol in MPPD2 
CIC14=CIvC14+CIaC14                                               ! Total, is used for cxppm calculation 
 
kInhPUC14 =  QP * CIaC14 * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOC14 = QP * CIaC14 * (fdepositNO)        ! nasal region 
kIvC14=  QP * CIvC14        ! vapor 
 
    
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
RnintakeC14=kinhnoC14 
RnmucousC14 = (RnintakeC14-PAnoseC14*CnmucousC14) 
anmucousC14 = integ(rnmucousC14,0.0) 
cnmucousC14 = anmucousC14/vnasmuclayer 
!nasal tissue 
RnasaltC14 = (PAnoseC14*cnmucousC14) + Qno*(caC14-cvnoC14) ! 
anasaltC14= integ(rnasaltC14,0.0) 
cnasaltC14=anasaltC14/vno 
cvnoC14 = cnasaltC14/pnoC14 
 
AtnoC14 = anasaltC14! 
 
!Nasal Compartment Mass Balance 
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mbnoC14 = (anaslost2C14+anoseinC14) - (anasaltC14+anoseoutC14) 
rnoseinC14=qno*ca1C14 
anoseinC14=integ(rnoseinC14,0.0) 
rnoseoutC14=qno*cvnoC14 
anoseoutC14=integ(rnoseoutC14,0.0) 
rnaslost2C14=panoseC14*cnmucousC14 
anaslost2C14=integ(rnaslost2C14,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer  
RLintakeC14=kinhpuC14 
RLmucousC14 = (RLintakeC14-PA1C14*CLmucousC14) 
aLmucousC14 = integ(rLmucousC14,0.0) 
CLmucousC14 = aLmucousC14/vtbmuclayer 
!Lung tissue 
RlungC14 = (QC*(Ca1C14-CaC14)+(PA1C14*clmucousC14))     
alungtC14= integ(rlungC14,0.0)  ! 
clungtC14=alungtC14/vlu ! 
caC14 = clungtC14/pluC14   
 
! 
CA1C14 = (QC*CvC14+Qp*CivC14)/(QC+(QP/PBC14))  
        CXC14 = CA1C14/PBC14 
        rAXC14 = QP*CXC14 
axC14=integ(raxC14,0.0) 
 
CXPPMC14=(0.7*cxC14+0.3*ciC14)*24450/MWC14 
   
AtpuC14 =alungtC14 !  
 
!Lung Compartment Mass Balance 
mblungsC14 = (alunglost2C14+alunginC14) - (alungtC14+alungoutC14)!-(alunglost4) 
rlunginC14=qc*ca1C14 
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alunginC14=integ(rlunginC14,0.0) 
rlungoutC14=qc*caC14 
alungoutC14=integ(rlungoutC14,0.0) 
rlunglost2C14=pa1C14*clmucousC14 
alunglost2C14=integ(rlunglost2C14,0.0) 
rlungvaporC14=QP*CIVC14 
alungvaporC14=integ(rlungvaporC14,0.0) 
 
 
!{RAPID} 
!Chemical in rapidly perfused tissue compartment (Perfusion) 
 RARC14 = QR*(caC14-CVRC14)                      !rate of change in rapidly perfused - mg/h    
   ARC14 = integ(RARC14, 0.0)                    !inital amount in viscera - mg 
 CRC14= ARC14/VR                               !viscera concentration - mg/L 
 CVRC14 = CRC14/PRC14                              !concentration in venous capillary blood - mg/L 
 
!Rapid Compartment Mass Balance 
rapidmassbalC14=(arapidinC14)-(AR+arapidoutC14) 
rarapidinC14=qr*caC14 
arapidinC14 = integ(rarapidinC14,0.0) 
rarapidoutC14=qr*cvrC14 
arapidoutC14=integ(rarapidoutC14,0.0) 
 
 
!{SLOW} 
!Chemical in slowly perfused tissue compartment (Perfusion) 
 RASC14 = QS*(caC14-CVSC14)                      !rate of change in slowly perfused  - mg/h    
   ASC14 = integ(RASC14, 0.0)                    !inital amount in slowly perfused tissue - mg 
 CSC14 = ASC14/VS                              !slowly perfused tissue concentration - mg/L 
 CVSC14 = CSC14/PSC14                             !concentration in venous blood - mg/L 
 
!Slow Compartment Mass Balance 
slowmassbalC14=(aslowinC14)-(ASC14+aslowoutC14) 
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raslowinC14=qs*caC14 
aslowinC14 = integ(raslowinC14,0.0) 
raslowoutC14=qs*cvsC14 
aslowoutC14=integ(raslowoutC14,0.0) 
 
!{BRAIN} 
!chem brain blood (Diffusion) 
RABrbC14 = ((QBr*(caC14-CVBrC14)) - (PABrinC14*CVBrC14) + (PABroutC14*(CBrC14/PBrC14)))  !rate of change in brain 
blood amount - mg/h made 1st + not  
  ABrbC14 = integ(RABRbC14, 0.0)                                !initial amount in blood - mg 
 CVBrC14 = ABrbC14/Bvbr                                         !concentration in brain blood 
!chem in brain tissue (Diffusion)  
RABrC14 = (PABrinC14*CVBrC14) - (PABroutC14*(CBrC14/PBrC14))                 !rate of change in brain tissue 
   ABrC14 = integ(rABrC14, 0.0)                                 !initial amount in tissue 
 CBrC14 = ABrC14/(VBr-Bvbr)                                     !concentration in brain tissue 
abrtotC14= abrC14+abrbC14                                          !total brain 
 
!Brain Compartment Mass Balance 
brainmassbalC14=(abraininC14+abraindiffinC14)-(AbrC14+abrainoutC14+abraindiffoutC14) 
!brainmassbal=(abrainin)-(Abr+abrainout) 
rabraininC14=qbr*caC14 
abraininC14 = integ(rabraininC14,0.0) 
rabrainoutC14=qbr*cvbrC14 
abrainoutC14=integ(rabrainoutC14,0.0) 
rabraindiffinC14 =(PABrinC14*CVBrC14) 
abraindiffinC14 =integ (rabraindiffinC14,0.0) 
rabraindiffoutC14= PABroutC14*(CBrC14/PBrC14) 
abraindiffoutC14=integ(rabraindiffoutC14,0.0) 
 
!{FAT} 
!chem in fat blood (Diffusion) 
RAFbC14 = (QF*(caC14-CVFC14) - (PAFinC14*CVFC14) + (PAFoutC14*(CFC14/PFC14)))  !  
AFbC14 = integ(RafbC14,0.0)                            !initial amount in blood - mg 
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CVFC14 = AFbC14/Bvf                                      !concentration in fat blood              
 
!chem in shall fat tissue (Diffusion) 
RAFC14 = (PAFinC14*CVFC14) - (PAFoutC14*(CfC14/PfC14))! 
AFC14 = integ(RafC14,0.0)                              !initial amount in fat 
CFC14 = AfC14/(vf-bvf) !                                   !concentration in fat tissue 
aftotC14=afC14+afbC14                                       !total fat amount 
 
!Fat Compartment 1 Mass Balance 
fatmassbalC14=(afatinC14+afatdiffinC14)-(AFC14+afatoutC14+afatdiffoutC14) 
!fatmassbal=(afatin)-(AF+afatout) 
rafatinC14=qf*caC14 
afatinC14 = integ(rafatinC14,0.0) 
rafatoutC14=qf*cvfC14 
afatoutC14=integ(rafatoutC14,0.0) 
rafatdiffinC14 =(PAfinC14*CVfC14) 
afatdiffinC14 =integ (rafatdiffinC14,0.0) 
rafatdiffoutC14= PAfoutC14*(CfC14/PfC14) 
afatdiffoutC14=integ(rafatdiffoutC14,0.0) 
 
       
!Liver Compartment Mass Balance 
livermassbalC14=(aliverinC14+aliverdiffinC14)-(AlC14+aliveroutC14+aogblC14+aliverdiffoutC14+ametC14) 
!livermassbal=(aliverin)-(Al+aliverout+aogbl) 
raliverinC14=ql*caC14 
aliverinC14 = integ(raliverinC14,0.0) 
raliveroutC14=ql*cvlC14 
aliveroutC14=integ(raliveroutC14,0.0) 
 
raliverdiffinC14 =(PAlinC14*(CdLC14/PdL2bC14)) 
!raliverdiffin=(PALin*(CL/pl)) 
aliverdiffinC14 =integ (rafatdiffinC14,0.0) 
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raliverdiffoutC14= PAloutC14*(ClC14/(PlaC14/pfaC14)) 
!raliverdiffout=(PALout*(CdL/PdL2b)) 
aliverdiffoutC14=integ(raliverdiffoutC14,0.0) 
 
!raliverdiffout= PAlout*(Cl/Pl) 
!raliverdiff2out=(PA2Lout*(CdL/PdL2b)) 
!aliverdiff2out=integ(raliverdiff2out,0.0) 
 
!chem in liver tissue (Diffusion) shall 
rALC14 = QL*(CaC14-cvlC14)+(PALinC14*(CdLC14/PdL2bC14))- PALoutC14*(clC14/(plaC14/pfaC14)) - RAMETC14! 
ALC14 = integ(RalC14, 0.0)                              !initial amount in liver 
 CLC14 = ALC14/(vsl)      !-bvl                            !concentration     
cvlC14=clC14/plC14 
!chem in liver tissue (Diffusion) deep 
radlC14 = -(PALinC14*(CdLC14/PdL2bC14))+PALoutC14*(clC14/(plaC14/pfaC14)) 
adlC14= integ (radlC14, 0) 
cdlC14 = adlC14/vdl 
 
! tot 
altotC14=alC14+adlC14 
 
!Mass balance for c14 inhalation 
   MassC14  = AFtotC14 + ASC14 + ARC14 + ALtotC14+ ABrtotC14 + axC14 + AtpuC14 +atnoC14 + AMetC14!! 
   !Mass = AF + AS + AR + AL+ ABr + aEXHALE + AOGBL + Atno + Adeppu + atb ! 
   !mb    = ainhale - mass 
mb5C14=(alunglost2C14+anaslost2C14+alungvaporC14)-massC14 
 
 
 
 
!-------------[[LUMP 2]]-------------------------------------------------------------------------------------------------  
kInhPULUMP =  QP * CIaLUMP * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
!kInhLRT = QP * Cpaero * (fdepositpu)   !LRT 
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kInhNOLUMP = QP * CIaLUMP * (fdepositNO)        ! nasal region 
kIvLUMP =  QP * CIvLUMP        ! vapor 
 
 
!{Exposure parameters LUMP 2} 
 !exposure =  pulse(0.0,exptime, tchng)  
CIXLUMP = (ICONILUMP*MWLUMP/24450)     ! 
CIvLUMP = (CIXLUMP*perc_vaporLUMP)*exposure      ! Turn on vapor inhalation  
CIaLUMP = ((CIXLUMP*perc_aerosolLUMP)* exposure)!*ff      ! Turn on aerosol in MPPD2 
CILUMP=CIvLUMP+CIaLUMP                                               ! Total, is used for cxppm calculation 
 
!{Nasal Compartment LUMP 2} 
!transfer of chemical across mucous layer in nasal 
RnintakeLUMP=kinhnoLUMP 
RnmucousLUMP = (RnintakeLUMP-PAnoseLUMP*CnmucousLUMP) 
anmucousLUMP = integ(rnmucousLUMP,0.0) 
cnmucousLUMP = anmucousLUMP/vnasmuclayer 
!nasal tissue 
!Rnasalt = (ff*(PAnose*cnmucous) + Qno*(ca1-cvno)) 
RnasaltLUMP = (PAnoseLUMP*cnmucousLUMP) + Qno*(calump-cvnoLUMP)  
anasaltLUMP= integ(rnasaltLUMP,0.0) 
cnasaltLUMP=anasaltLUMP/vno 
cvnoLUMP = cnasaltLUMP/pnoLUMP 
 
AtnoLUMP = anasaltLUMP! 
 
!{Lung Compartment Lump 2} 
!transfer of chemical across mucous layer in conducting lung 
RLintakeLUMP=kinhpuLUMP 
RLmucousLUMP = (RLintakeLUMP-PA1LUMP*CLmucousLUMP) 
aLmucousLUMP = integ(rLmucousLUMP,0.0) 
CLmucousLUMP = aLmucousLUMP/vtbmuclayer 
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!Lung tissue lump 2 
RlungLUMP = (QC*(Ca1LUMP-CaLUMP)+(PA1LUMP*clmucousLUMP))     
alungtLUMP= integ(rlungLUMP,0.0)  ! 
clungtLUMP=alungtLUMP/vlu ! 
caLUMP = clungtLUMP/pluLUMP  ! 
 
CA1LUMP = (QC*CvLUMP+Qp*CivLUMP)/(QC+(QP/PBLUMP))  
        CXLUMP = CA1LUMP/PBLUMP  
        rAXLUMP = QP*CXLUMP 
axLUMP=integ(raxLUMP,0.0) 
CXPPMLUMP=(0.7*cxLUMP+0.3*ci)*24450/MWLUMP 
   
AtpuLUMP =alungtLUMP ! removed mucus 
 
!Venous Blood 
 
CVLUMP=(QF*CVFLUMP + QL*CVLLUMP + QS*CVSLUMP + QR*CVRLUMP + QBr*CVBrLUMP + 
QNO*CVNOLUMP)/QC  
CVAUClump = integ(CVlump,0.0) ! 
 
!{RAPID LUMP 2} 
!Chemical in rapidly perfused tissue compartment (Perfusion) 
 RARlump = QR*(calump-CVRLUMP)                      !rate of change in rapidly perfused - mg/h    
  ARlump = integ(RARLUMP, 0.0)                    !inital amount in viscera - mg 
 CRlump = ARLUMP/VR                               !viscera concentration - mg/L 
 CVRLUMP = CRLUMP/PRLUMP                              !concentration in venous capillary blood - mg/L 
 artotLUMP = arLUMP 
 
![LIVER LUMP 2] 
!Chemical in liver blood (Diffusion) 
RALbLUMP = QL*(CaLUMP-CVLLUMP) - (PALinLUMP*CVLLUMP) + (PALoutLUMP*(CLLUMP/PLLUMP))-RAMLUMP   
 
ALbLUMP =integ(RalbLUMP, 0.0)                             !initial amount in liver blood - mg 
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 CVLLUMP = ALbLUMP/BvL                                     !concentration in liver blood              
 
RALLUMP=(PALinLUMP*CVLLUMP) - (PALoutLUMP*(CLLUMP/PLLUMP)) 
ALLUMP =integ(RalLUMP, 0.0) 
 CLLUMP = ALLUMP/(VL-BvL) 
ALtotLUMP = ALbLUMP+ALLUMP 
 
!Liver Compartment Mass Balance 
livermassballump=(aliverinlump+aliverdiffinlump)-(Allump+aliveroutlump +aliverdiffoutlump+ametlump) 
raliverinlump=ql*calump 
aliverinlump = integ(raliverinlump,0.0) 
raliveroutlump=ql*cvllump 
aliveroutlump=integ(raliveroutlump,0.0) 
raliverdiffinlump=(PALinlump*(CLlump/pllump)) 
aliverdiffinlump =integ (rafatdiffinlump,0.0) 
raliverdiffoutlump= PAloutlump*(Cllump/pllump) 
aliverdiffoutlump=integ(raliverdiffoutlump,0.0) 
 
!{Fat Perfusion LUMP 2} 
!Chemical in fat tissue compartment  
RAFbLUMP = (QF*(caLUMP-CVFLUMP) - (PAFinLUMP*CVFLUMP) + (PAFoutLUMP*(CFLUMP/PFlump)))  ! 
AFbLUMP = integ(RafbLUMP,0.0)                            !initial amount in blood - mg 
CVFLUMP = AFbLUMP/Bvf                                      !concentration in fat blood              
RAFLUMP = (PAFinLUMP*CVFLUMP) - (PAFoutLUMP*(CfLUMP/PfLumP))! 
AFLUMP = integ(RafLUMP,0.0)                              !initial amount in fat 
CFLUMP = AfLUMP/(vf-bvf) !concentration in fat tissue 
aftotLUMP=afLUMP+afbLUMP                                       !total fat amount 
 
!Fat Compartment 1 Mass Balance 
fatmassbalLUMP=(afatinlump+afatdiffinlump)-(AFlump+afatoutlump+afatdiffoutlump) 
rafatinLUMP=qf*calump 
afatinLUMP = integ(rafatinLUMP,0.0) 
rafatoutLUMP=qf*cvfLUMP 
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afatoutLUMP=integ(rafatoutLUMP,0.0) 
rafatdiffinLUMP =(PAfinLUMP*CVfLUMP) 
afatdiffinLUMP =integ (rafatdiffinLUMP,0.0) 
rafatdiffoutLUMP= PAfoutLUMP*(CfLUMP/PfLUMP) 
afatdiffoutLUMP=integ(rafatdiffoutLUMP,0.0) 
 
!{SLOW, LUMP 2} 
!Chemical in slowly perfused tissue compartment (Perfusion) 
 RASLUMP = QS*(CALUMP-CVSLUMP)                      !rate of change in slowly perfused  - mg/h    
   ASLUMP = integ(RASLUMP, 0.0)                    !inital amount in slowly perfused tissue - mg 
 CSLUMP = ASLUMP/VS                              !slowly perfused tissue concentration - mg/L 
 CVSLUMP = CSLUMP/PSLump                            !concentration in venous blood - mg/L 
astotLUmp = asLump ! 
 
!{Brain Perfusion LUMP 2} 
!Chemical in rapidly perfused tissue compartment (Perfusion) 
  RABrbLUMP = ((QBr*(caLUMP-CVBrLUMP)) - (PABrinLUMP*CVBrLUMP) + (PABroutLUMP*(CBrLUMP/PBrLumP)))  
ABrbLUMP = integ(RABRbLUMP, 0.0)                                !initial amount in blood - mg 
 CVBrLUMP= ABrbLUMP1/Bvbr                                         !concentration in brain blood/PbRLUMP                              
 
RABrLUMP = (PABrinLUMP*CVBrLUMP) - (PABroutLUMP*(CBrLUMP/PBrLumP))    
  ABrLUMP = integ(rABrLUMP, 0.0)                                 !initial amount in tissue 
 CBrLUMP = ABrlump/(VBr-Bvbr)                                     !concentration in brain tissue 
abrtotLUMP= abrLUMP+abrbLUMP                                         !total brain 
 
!Brain Compartment Mass Balance 
brainmassbalLUMP=(abraininlump+abraindiffinlump)-(Abrlump+abrainoutlump+abraindiffoutlump) 
rabraininLUMP=qbr*caLUMP 
abraininLUMP = integ(rabraininLUMP,0.0) 
rabrainoutLUMP=qbr*cvbrLUMP 
abrainoutLUMP=integ(rabrainoutlump,0.0) 
rabraindiffinLUMP =(PABrinlump*CVBrlump) 
abraindiffinLUMP =integ (rabraindiffinLUMP,0.0) 
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rabraindiffoutLUMP= PABroutLUMP*(CBrLUMP/PBrLUMP) 
abraindiffoutLUMP=integ(rabraindiffoutLUMP,0.0) 
 
!Mass balance for lump 2 inhalation 
MASSlump=AMetlump+AFTOTLUMP+ASTOTLUMP+ARTOTLUMP+ALTOTLUMP+ABRTOTLUMP+AXLUMP+ATNOLUM
P+ATPULUMP! 
   !mblump    = ainhale - masslump 
mb5lump=(alunglost2+anaslost2+alungvapor)-mass 
 
!-------------[LUMP3 MODEL]------------------------------------------------------------ 
CIXLUMP3 = (ICONiLUMP3*MWLUMP3/24450)                                  ! Inhaled concentration, converts to mg/L 
CIvLUMP3 = (CIXLUMP3*perc_vaporLUMP3)*exposure      ! Turn on vapor inhalation  
CIaLUMP3 = ((CIXLUMP3*perc_aerosolLUMP3)* exposure)!*ff      ! Turn on aerosol in MPPD2 
CILUMP3=CIvLUMP3+CIaLUMP3                                               ! Total, is used for cxppm calculation 
 
 
kInhPULUMP3 =  QP * CIaLUMP3 * (fdepositPU+fdepositTB)        ! mppd2 Pulmonary (Lung+TB) 
kInhNOLUMP3 = QP * CIaLUMP3 * (fdepositNO)        ! nasal region 
kIvLUMP3=  QP * CIvLUMP3        ! vapor 
 
 
![SHALLOW + DEEP BLOOD] 
CVLUMP3 =((QF*CVFLUMP3 + QL*CVLLUMP3 + QS*CVSLUMP3 + QR*CVRLUMP3 + QBr*CVBrLUMP3 + 
Qno*CvnoLUMP3)/QC)! venous       
CVAUCLUMP3 = integ(CVLUMP3,0.0) ! 
 
!{Nasal Compartment} 
!transfer of chemical across mucous layer in nasal 
RnintakeLUMP3=kinhnoLUMP3 
RnmucousLUMP3 = (RnintakeLUMP3-PAnoseLUMP3*CnmucousLUMP3) 
anmucousLUMP3 = integ(rnmucousLUMP3,0.0) 
cnmucousLUMP3 = anmucousLUMP3/vnasmuclayer 
!nasal tissue 
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!Rnasalt = (ff*(PAnose*cnmucous) + Qno*(ca1-cvno)) 
RnasaltLUMP3 = (PAnoseLUMP3*cnmucousLUMP3) + Qno*(caLUMP3-cvnoLUMP3) !Qno*(ca1-cvno) 
anasaltLUMP3= integ(rnasaltLUMP3,0.0) 
cnasaltLUMP3=anasaltLUMP3/vno 
cvnoLUMP3 = cnasaltLUMP3/pnoLUMP3 
 
AtnoLUMP3= anasaltLUMP3! 
 
!Nasal Compartment Mass Balance 
mbnoLUMP3 = (anaslost2LUMP3+anoseinLUMP3) - (anasaltLUMP3+anoseoutLUMP3) 
rnoseinLUMP3=qno*ca1LUMP3 
anoseinLUMP3=integ(rnoseinLUMP3,0.0) 
rnoseoutLUMP3=qno*cvnoLUMP3 
anoseoutLUMP3=integ(rnoseoutLUMP3,0.0) 
rnaslost2LUMP3=panoseC15*cnmucousLUMP3 
anaslost2LUMP3=integ(rnaslost2LUMP3,0.0) 
 
!{Lung Compartment} 
!transfer of chemical across mucous layer in conducting lung 
RLintakeLUMP3=kinhpuLUMP3 
RLmucousLUMP3 = (RLintakeLUMP3-PA1LUMP3*CLmucousLUMP3) 
aLmucousLUMP3 = integ(rLmucousLUMP3,0.0) 
CLmucousLUMP3 = aLmucousLUMP3/vtbmuclayer 
!Lung tissue 
RlungLUMP3 = (QC*(Ca1LUMP3-CaLUMP3)+(PA1LUMP3*clmucousLUMP3))     
alungtLUMP3= integ(rlungLUMP3,0.0)  ! 
clungtLUMP3=alungtLUMP3/vlu ! 
caLUMP3 = clungtLUMP3/pluLUMP3   
 
! 
CA1LUMP3 = (QC*CvLUMP3+Qp*CivLUMP3)/(QC+(QP/PBLUMP3))  
        CXLUMP3 = CA1LUMP3/PBLUMP3 
        rAXLUMP3 = QP*CXLUMP3 
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axLUMP3=integ(raxLUMP3,0.0) 
CXPPMlump3=(0.7*cxlump3+0.3*cilump3)*24450/MWlump3 
   
AtpuLUMP3 =alungtLUMP3 ! removed mucus 
 
 
 
!Lung Compartment Mass Balance 
mblungsLUMP3 = (alunglost2LUMP3+alunginLUMP3) - (alungtLUMP3+alungoutLUMP3)!-(alunglost4) 
rlunginLUMP3=qc*ca1LUMP3 
alunginLUMP3=integ(rlunginLUMP3,0.0) 
rlungoutLUMP3=qc*caLUMP3 
alungoutLUMP3=integ(rlungoutLUMP3,0.0) 
rlunglost2LUMP3=pa1LUMP3*clmucousLUMP3 
alunglost2LUMP3=integ(rlunglost2LUMP3,0.0) 
rlungvaporLUMP3=QP*CIVLUMP3 
alungvaporLUMP3=integ(rlungvaporLUMP3,0.0) 
 
!{RAPID} 
!Chemical in rapidly perfused tissue compartment (Perfusion) 
 RARLUMP3 = QR*(caLUMP3-CVRLUMP3)                      !rate of change in rapidly perfused - mg/h    
   ARLUMP3 = integ(RARLUMP3, 0.0)                    !inital amount in viscera - mg 
 CRLUMP3= ARLUMP3/VR                               !viscera concentration - mg/L 
 CVRLUMP3 = CRLUMP3/PRLUMP3                             !concentration in venous capillary blood - mg/L 
 
!Rapid Compartment Mass Balance 
rapidmassbalLUMP3=(arapidinLUMP3)-(ARLUMP3+arapidoutLUMP3) 
rarapidinLUMP3=qr*caLUMP3 
arapidinLUMP3 = integ(rarapidinLUMP3,0.0) 
rarapidoutLUMP3=qr*cvrLUMP3 
arapidoutLUMP3=integ(rarapidoutLUMP3,0.0) 
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!{SLOW} 
!Chemical in slowly perfused tissue compartment (Perfusion) 
 RASLUMP3 = QS*(caLUMP3-CVSLUMP3)                      !rate of change in slowly perfused  - mg/h    
   ASLUMP3 = integ(RASLUMP3, 0.0)                    !inital amount in slowly perfused tissue - mg 
 CSLUMP3 = ASLUMP3/VS                              !slowly perfused tissue concentration - mg/L 
 CVSLUMP3 = CSLUMP3/PSLUMP3                            !concentration in venous blood - mg/L 
 
!Slow Compartment Mass Balance 
slowmassbalLUMP3=(aslowinLUMP3)-(ASLUMP3+aslowoutLUMP3) 
raslowinLUMP3=qs*caLUMP3 
aslowinLUMP3 = integ(raslowinLUMP3,0.0) 
raslowoutLUMP3=qs*cvsLUMP3 
aslowoutLUMP3=integ(raslowoutLUMP3,0.0) 
 
!{BRAIN} 
!chem brain blood (Diffusion) 
RABrbLUMP3 = ((QBr*(caLUMP3-CVBrLUMP3)) - (PABrinLUMP3*CVBrLUMP3) + 
(PABroutLUMP3*(CBrLUMP3/PBrLUMP3)))  !rate of change in brain blood amount - mg/h made 1st + not  
  ABrbLUMP3 = integ(RABRbLUMP3, 0.0)                                !initial amount in blood - mg 
 CVBrLUMP3 = ABrbLUMP3/Bvbr                                         !concentration in brain blood 
!chem in brain tissue (Diffusion)  
RABrLUMP3 = (PABrinLUMP3*CVBrLUMP3) - (PABroutLUMP3*(CBrLUMP3/PBrLUMP3))                 !rate of change in brain 
tissue 
   ABrLUMP3 = integ(rABrLUMP3, 0.0)                                 !initial amount in tissue 
 CBrLUMP3 = ABrLUMP3/(VBr-Bvbr)                                     !concentration in brain tissue 
abrtotLUMP3= abrLUMP3+abrbLUMP3                                          !total brain 
 
!Brain Compartment Mass Balance 
brainmassbalLUMP3=(abraininLUMP3+abraindiffinLUMP3)-(AbrLUMP3+abrainoutLUMP3+abraindiffoutLUMP3) 
!brainmassbal=(abrainin)-(Abr+abrainout) 
rabraininLUMP3=qbr*caLUMP3 
abraininLUMP3 = integ(rabraininLUMP3,0.0) 
rabrainoutLUMP3=qbr*cvbrLUMP3 
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abrainoutLUMP3=integ(rabrainoutLUMP3,0.0) 
rabraindiffinLUMP3 =(PABrinLUMP3*CVBrLUMP3) 
abraindiffinLUMP3 =integ (rabraindiffinLUMP3,0.0) 
rabraindiffoutLUMP3= PABroutLUMP3*(CBrLUMP3/PBrLUMP3) 
abraindiffoutLUMP3=integ(rabraindiffoutLUMP3,0.0) 
 
 
!{FAT} 
!chem in fat blood (Diffusion) 
RAFbLUMP3 = (QF*(caLUMP3-CVFLUMP3) - (PAFinLUMP3*CVFLUMP3) + (PAFoutLUMP3*(CFLUMP3/PFLUMP3)))  ! 
AFbLUMP3 = integ(RafbLUMP3,0.0)                            !initial amount in blood - mg 
CVFLUMP3 = AFbLUMP3/Bvf                                      !concentration in fat blood              
 
!chem in shall fat tissue (Diffusion) 
RAFLUMP3 = (PAFinLUMP3*CVFLUMP3) - (PAFoutLUMP3*(CfLUMP3/PfLUMP3))! 
AFLUMP3 = integ(RafLUMP3,0.0)                              !initial amount in fat 
CFLUMP3 = AfLUMP3/(vf-bvf)                                    !concentration in fat tissue 
aftotLUMP3=afLUMP3+afbLUMP3                                      !total fat amount 
 
!Fat Compartment 1 Mass Balance 
fatmassbalLUMP3=(afatinLUMP3+afatdiffinLUMP3)-(AFLUMP3+afatoutLUMP3+afatdiffoutLUMP3) 
rafatinLUMP3=qf*caLUMP3 
afatinLUMP3 = integ(rafatinLUMP3,0.0) 
rafatoutLUMP3=qf*cvfLUMP3 
afatoutLUMP3=integ(rafatoutLUMP3,0.0) 
rafatdiffinLUMP3 =(PAfinLUMP3*CVfLUMP3) 
afatdiffinLUMP3 =integ (rafatdiffinLUMP3,0.0) 
rafatdiffoutLUMP3= PAfoutLUMP3*(CfLUMP3/PfLUMP3) 
afatdiffoutLUMP3=integ(rafatdiffoutLUMP3,0.0) 
 
        
!chem in liver tissue (Diffusion) shall 
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rALLUMP3 = QL*(CaLUMP3-cvlLUMP3)+(PALinLUMP3*(CdLLUMP3/PdL2bLUMP3))- 
PALoutLUMP3*(clLUMP3/(plaLUMP3/pfaLUMP3)) - RAMETLUMP3!! 
ALLUMP3 = integ(RalLUMP3, 0.0)                              !initial amount in liver 
 CLLUMP3 = ALLUMP3/(vsl)      !-bvl                            !concentration     
cvlLUMP3=clLUMP3/plLUMP3 
 
!chem in liver tissue (Diffusion) deep 
radlLUMP3 = -(PALinLUMP3*(CdLLUMP3/PdL2bLUMP3))+PALoutLUMP3*(clLUMP3/(plaLUMP3/pfaLUMP3)) 
adlLUMP3= integ (radlLUMP3, 0) 
cdlLUMP3 = adlLUMP3/vdl 
 
! tot 
altotLUMP3=alLUMP3+adlLUMP3 
 
!Liver Compartment Mass Balance 
livermassbalLUMP3=(aliverinLUMP3+aliverdiffinLUMP3)-(AlLUMP3+aliveroutLUMP3+aliverdiffoutLUMP3+ametLUMP3) 
raliverinLUMP3=ql*caLUMP3 
aliverinLUMP3 = integ(raliverinLUMP3,0.0) 
raliveroutLUMP3=ql*cvlLUMP3 
aliveroutLUMP3=integ(raliveroutLUMP3,0.0) 
 
raliverdiffinLUMP3 =(PAlinLUMP3*(CdLLUMP3/PdL2bLUMP3)) 
!raliverdiffin=(PALin*(CL/pl)) 
aliverdiffinLUMP3 =integ (rafatdiffinLUMP3,0.0) 
 
raliverdiffoutLUMP3= PAloutLUMP3*(ClLUMP3/(PlaLUMP3/pfaLUMP3)) 
!raliverdiffout=(PALout*(CdL/PdL2b)) 
aliverdiffoutLUMP3=integ(raliverdiffoutLUMP3,0.0) 
 
 
 
 
!Mass balance for c14 inhalation 
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   MassLUMP3  = AFtotLUMP3 + ASLUMP3 + ARLUMP3 + ALtotLUMP3+ ABrtotLUMP3 + axLUMP3 + AtpuLUMP3 
+atnoLUMP3 + AMetLUMP3! 
   !mb    = ainhale - mass 
  
mb5LUMP3=(alunglost2LUMP3+anaslost2LUMP3+alungvaporLUMP3)-massLUMP3 
 
 
    
 
!--------------------[METABOLISM]--------------------------------------------------- 
!Octane 

RAMetc8 = (VMaxc8*CvLc8)/(CVLc8+ (Kmc8*chkmmc8LUi))  
AMetc8 = integ (RAMetc8, 0.0) 

   
 chKmMC8LUi=1+((CVLtol/KiTL)+(CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVLlp/KiLP)+(cvl/Ki)+(cvlump/KiLU
MP)+(cvlLUMP3/KiLUMP3)+(cvlC14/KiC14)) 
 
!Decane 

RAMet = (VMax*CvL)/(CVL+ (Km*chkmmc10LUi))  
AMet = integ (RAMet, 0.0) 

   
 chKmMC10LUi=1+((CVLtol/KiTL)+(CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVLlp/KiLP)+(cvlc8/KiC8)+(cvlump/
KiLUMP)+(cvlLUMP3/KiLUMP3)+(cvlC14/KiC14)) 
 
   !Lump 1 
   RAMlp=(Vmaxlp*CVLlp)/(Kmlp*chKmlpi+CVLlp) 
    AMlp=INTEG(RAMlp,0.) 
    
          
chKmLPi=1+((CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVL/Ki)+(CVLtol/KiTL)+(cvlc8/KiC8)+(cvlLUMP/KiLUMP)+(cvlL
UMP3/KiLUMP3)+(cvlC14/KiC14) 
 
!Shep, Lump 2 
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   RAMetLUMP=(VmaxLUMP*CVLLUMP)/(KmLUMP*chKmLUMPi+CVLLUMP) 
    AMLUMP=INTEG(RAMetLUMP,0.) 
      
 chKmLUMPi=1+((CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVL/Ki)+(CVLtol/KiTL)+(CVLlp/KiLP)+(cvlc8/KMC8)+
(cvlLUMP3/KiLUMP3)+(cvlC14/KiC14)) 
 
! inhib m-xyl 
RAM1mx2008=(Vmaxmx*CVLmx2008)/(Kmmx*chKmmx2008i+CVLmx2008)  
   AM1mx2008=INTEG(RAM1mx2008,0.)    
     
chKmMX2008i=1+((CVLebz2008/KiEBZ)+(CVL/Ki)+(CVLtol/KiTL)+(CVLlp/KiLP)+(cvlc8/KiC8)+(cvlump/KiLUMP)+(cvlLUM
P3/KiLUMP3)+(cvlC14/KiC14)) 
 
 
! EBZ inhib 
 
RAMebz2008=(Vmaxebz*CVLebz2008)/(Kmebz*chKmebzi2008+CVLebz2008) 
    AMebz2008=INTEG(RAMebz2008,0.)    
       
chKmEBZi2008=1+((CVL/Ki)+(CVLmx2008/KiMX)+(CVLtol/KiTL)+(CVLlp/KiLP)+(cvlc8/KiC8)+(cvlump/KiLUMP)+ 
(cvlLUMP3/KiLUMP3)+(cvlC14/KiC14)) 
 
! TOL inhib 
 RAMtol=(Vmaxtl*CVLtol)/(Kmtl*chKmtoli+CVLtol) 
   AMtol=INTEG(RAMtol,0.)   
       
chKmTOLi=1+((CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVL/Ki)+(CVLLUMP3/KiLUMP3)+(CVLlp/KiLP)+(cvlc8/KiC8)+
(cvlump/KiLUMP)+(cvllump1/KiLUMP1)+(cvlC14/KiC14)) 
 
! SHEP C14 inhib 
  RAMetC14=(VmaxC14*CVLC14)/(KmC14*chKmC14i+CVLC14) 
      AMetC14=INTEG(RAMetC14,0.) 
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chKmC14i=1+((CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVL/Ki)+(CVLtol/KiTL)+(CVLlp/KiLP)+(cvlc8/KiC8)+(cvlump/Ki
LUMP)+(cvLLUMP3/KiLUMP3)) 
 
! SHEP Lump 3 inhib 
  RAMetLUMP3=(VmaxLUMP3*CVLLUMP3)/(KmLUMP3*chKmLUMP3i+CVLLUMP3) 
    AMetLUMP3=INTEG(RAMetLUMP3,0.)    
 
chKmLUMP3i=1+((CVLebz2008/KiEBZ)+(CVLmx2008/KiMX)+(CVL/Ki)+(CVLtol/KiTL)+(CVLlp/KiLP)+(cvlc8/KiC8)+(cvlum
p/KiLUMP)+(cvlC14/KiC14)) 
 
 
 
END ! DERIVATIVE 
 
  
  ! Add discrete events here as needed 
  !  DISCRETE 
  !  END 
 
  ! code that is executed once at each communication interval goes here 
 
  CONSTANT TSTOP =8 
 
  TERMT (T .GE. TSTOP, 'ch2ecked on communication interval: REACHED TSTOP') 
 
 END ! DYNAMIC 
 
 
 TERMINAL 
  ! code that is executed once at the end of a simulation run goes here 
 END ! TERMINAL 
END ! PROGRAM
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APPENDIX B.  Generic Example of an m-file 

(Note: data and concentration values not included, as they change per m-file of interest) 

 
%m-file to run marker chemical model either alone or in the presence of hydrocarbon mixtures 
%Sheppard A. Martin, Jeffrey W. Fisher  
 
prepare t cvtol 
%Exposure Concentrations 
ICONITOL=X 
ICONIEBZ2008=X 
ICONIMX2008=X 
ICONI=X  !c10 
ICONIC8=X   
ICONIC14=X 
ICONILP=X 
ICONILUMP=X 
ICONILUMP3=X 
 
%KI Terms 
KIMX = X  
KIEBZ = X 
KITL = X 
KILP = X 
KIC8=X 
KI    = X                
KIC14    = X                 
KILUMP=X 
KILUMP3=X 
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%Percent Aerosol and Vapor 
%TOL 
PERC_AEROSOLTOL =X 
PERC_VAPORTOL =X 
 
%EBZ 
 PERC_AEROSOLEBZ2008 =X 
 PERC_VAPOREBZ2008 = X 
 
%m-XYLENE 
 PERC_AEROSOLMX2008 =X 
 PERC_VAPORMX2008 = X 
 
% LUMP 1 
PERC_AEROSOLLP =X 
PERC_VAPORLP = X 
 
% LUMP 2 
PERC_AEROSOLLUMP =X 
PERC_VAPORLUMP =X 
 
% LUMP 3 
PERC_AEROSOLLUMP3 =X 
PERC_VAPORLUMP3 =X 
 
%C8 
PERC_AEROSOLC8 =X 
PERC_VAPORC8 =X 
 
%C10 
PERC_AEROSOL =X 
PERC_VAPOR =X 
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%C14 
PERC_AEROSOLC14 =X 
PERC_VAPORC14 =X 
 
%Fractional Deposition 
 FDEPOSITPU   =X     
 FDEPOSITTB = X           
 FDEPOSITNO   = X          
 
TCHNG=4 
EXPTIME=8 
TSTOP=6 
 
start @nocallback 
cvtol_tol_UGA=[0 0 0 0 0 0  
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
X X X X X X 
]; 
 
plot(_t,_cvtol,cvtol_tol_UGA(:,1),cvtol_tol_UGA(:,2), '+',cvtol_tol_UGA(:,3),cvtol_tol_UGA(:,4), '+', 
cvtol_tol_UGA(:,5),cvtol_tol_UGA(:,6),'+', 'settingsTOL-BL.aps') 




