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ABSTRACT

A mathematical model has been developed by Monaghan at DRES to
predict the penetration of liquid or vapour through bare or clothed skin; in
order to calculate solutions to the equations of this model, a computer program

was written. It is the objective of this paper to give a description of this
computer program and provide the method of using it,////g
RESUME

Un modele mathématique a ete developpé par Monaghan chez Centre de
Recherches pour la Defense Suffield (CRDS) pour Rred1re la penetration par un
Tiquide ou une vapeur a travers 1a peau nue ou vetue; pour calculer les
solutions aux équations de ce modele, un programme d'ordinateur a été écrit.
C'est Te but de ce document que de donner une description de ce programme
d'ordinateur et de fournir la méthode pour 1'utiliser.
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INTRODUCTION

A mathematical model (1) has been developed by Monaghan at DRES to
predict the penetration of 1liquid or vapour through bare or clothed skin.
The model, which has been used in toxicity studies, has been extensively
evaluated against experimental data to establish its capabilities of predict-
ing this penetration. This validation has shown that the model will provide a
reasonably good description of the diffusion process that is taking place.
According to the mathematics of the model, the derivation of estimates of
mass penetration with time involves the solution of a partial differential
equation. A computer program was written to calculate an approximate solution
to the differential equation and to set up the various boundary conditions of
the simulations which the model can take into account.

It is the objective of this paper to describe the computer program
and to provide an operating manual for users of this manual. An elementary
knowledge of the model and its terminology is required in order to use this
program.

FEATURES OF THE MODEL

The penetration model was developed in order to better understand
the hazards posed by toxic chemicals, either in the liquid or vapour phase,
to men. In other words, this study dealt with an attempt to describe mathe-
matically the physical processes occurring, with time, when liquid droplets
impact on the clothing or bare skin of a man, or when a person either fully
clothed or having bare skin is exposed to toxic chemical vapours. The passage
of the contaminant through skin and clothing to the blood stream is a time
dependent diffusion process.

The model is divided into five submodels. These submodels are
summarized as the challenge of:
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a) Vapour to bare skin

b) Liquid on bare skin

c) Vapour to a person wearing clothing
d) Liquid on a clothed person

e) Liquid pressed through clothing

The last challenge situation involves liquid being pressed through clothing
layers. For example, when a person is contaminated by a chemical in the
liquid phase, it impacts on the surface of his garments. If, however, he
were now to force this liquid into his clothing by applying pressure, e.g.,
by sitting, then a more hazardous situation arises.

In addition to the above, two other provisions are part of the model.
If the challenge is to a clothing ensemble, then provision is made for the re-
moval of this contaminated clothing at some point in time. This is accomplished
by zeroing the mass that exists in each of the clothing layers at that time.
Similarily, the model will simulate the decontamination of skin to remove the
surface contaminant.

The model can describe two types of skin situations. It is able to
simulate real skin (human or animal, depending upon the values of the input
parameters) or materials such as rubber dam. Rubber dam has been used by
many workers in place of resected skin in laboratory penetration studies. The
difference mathematically between the two is that it is assumed in the model
that real skin can be divided into three distinct regimes, the horny surface
layer, the transitional layer of the epidermis, and the blood stream (a sink),
while a material such as rubber dam is assumed to be homogeneous.

CALCULATION OF PENETRATION

The object of this report is not to describe the mathematics of this
model since these have been documented elsewhere. We wish only to give a very
generalized outline of the approach taken to derive estimates. Penetration is
described by a one-dimensional diffusion equation in a multi-layer system, i.e.,
skin and clothing, where absorptive and diffusive properties may vary from one
layer to another and mass absorbed may decay with time in the system as a result
of decomposition.

A simple implicit difference method was used to solve the diffusion
equation. If we denote the vector of mass/unit area of the system by M; (the
components of M being the mass/unit area in each slice of the system at a
given point in %1me equal to jAt) and ﬁ-+ is the vector of mass/unit area at
the next increment in time, then the matrix equation describing the system can
be represented by

K

x>
v
A is the matrix_of coefficients of the absorptive and diffusive properties of

the system and G is the vector of the boundary conditions. Since strajght-
forward difference equations are used in the solution of the problem, A is a
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tridiagonal matrix and its inverse can be readily calculated by the Gauss
elimination method. Therefore, the solution to the problem is

+__]++
Mj+] = X (Mj+G)
given a set of initial conditions.

While the basic mathematics of the model appear quite simple, the

elegance of it is attained through the control of the various boundary condi-
tions possible, and the description and derivation of the components of A.

STRUCTURE_OF THE COMPUTER PROGRAM

The computer program developed for the penetration model was origin-
ally designed to be used on a computer with only 8K words of core storage and
therefore was written with a large number of subroutines to meet this constraint.
In addition, this approach proved to be a convenient way of describing the model
because of the large number of cases which it can simulate. In all, there are
twelve subroutines, none of which are very large; this allowed for the maximum
utilization of the limited core space originally available. The function of
each of these subroutines is given in Table 1.

The program is written in the basic Fortran IV language of the DRES
1130 Model 2C computer (now 16K words of core storage). The program, in its
present form, requires approximately 9K of core storage. It will allow up to
four layers of clothing to be simulated over skin, each layer being subdivided
into at most six slices. The skin is usually divided into 7 slices. There is
a provision within the model to derive estimates for simulated skin, i.e. such
materials as rubber dam; the mathematics describing the penetration process in
skin are quite different to those for a simulated skin.

Figure 1 contains the block diagram of the computer model illustrating
its basic structure. Appendix A provides a listing of the computer model in its
present form.

INPUT PARAMETERS TO THE MODEL

The following is a description of the data required for input to the
model. A1l input is by means of card.

Card 1 - 4I3 (Card 1 through 4 read in main line program)
N, NC, NS, NR

N = Total no. of slices skin in divided into (usually N=7)
NC =1 Simulation is skin only
2 Clothing over skin
NS = 1 Average skin
2 Thin skin
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NR = 0 Skin
1 Simulated skin

Card 2 - 8F10.0

RTHIN, VTHIN, RAVEG, VAVEG, U, DECAY, DELT
RTHIN, RAVEG - Resistance of skin types (min/cm)
VTHIN, VAVEG - Capacitance of skin types (cm)
U - Windspeed (cm/sec)
DECAY - Decay factor (% x 1072 per minute)
DELT ~ Time increment in minutes

Card 3 - 8F10.0

TOTAL, TN, TD, TS, TR
TOTAL ~ Total model run time (hours)
TN - Type out increment (hours)
TD - Time of decontamination (hours)
TS - Time of removal of vapour source (hours)
TR - Time of removal of clothing (hours)

Card 4 - 80A1l

A(I), I=1, 80
Variable heading information (alphanumeric)

These are the cards required for every type of run made. Any of the time
inputs that are not needed may be left blank.

The program is subdivided into five subprograms which are:
1. Vapour on skin

Liquid on skin

Vapour on clothing

Liquid on clothing

g AW N

Liquid pressed through clothing

Immediately after the above described four cards, the cards for the required
subprogram are stacked.
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(a) Skin only

Card 1 - 313
NL
NL = 1 Vapour on skin
2 Liquid on skin
If NL = 1
Card 2 - 8F10.0
C
C = Vapour concentration mg/cm®
If NL = 2
Card 2 - 8F10.0
MASS(1), SVC
MASS(1) = MASS on sking (mg/cm?)
SVC = Saturated vapour concentration (mg/cm?)
(b) Clothing over skin
Card 1 - 3I3
NCL
NCL = 1 Vapour on clothing
2 Liquid on clothing
3 Liquid pressed through clothing
Card 2 - 3I3
NUM
NUM = No. of layers of clothing. The program will accept any

number of layers but only the contents of the innermost
4 will be typed out.

In the case of simulated skin the contents of six clothing layers can be typed
out. For more than six layers of clothing, the dimension statements must be
altered.

Card 3A - I3, 2F10.0

Ms(I), RT(I), VT(I)

One card per clothing layer (starting with the innermost)
MS = No. of slices that the layer will be subdivided into
(usually five)

RT = Total resistances of each clothing layer (min/cm)
VT = Total capacitance of each clothing layer (cm)
If NCL = 1
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Card 4 - 8F10.0

C
C = Concentration (mg/cm3)
If NCL = 2

Card 4 - 8F10.0

MASS(1), CS
MASS(1) = Mass in mg/cm2
CS = Saturated vapour concentration (mg/cm3)
If NCL = 3

Card 4 - 8F10.0

(CS, MASS(I), I=1, NUM)
CS = Saturated vapour concentration (mg/cm3)

MASS(I) = Mass ig each layer at T=0 starting with the innermost
(mg/cm?)

Consecutive runs may be stacked one behind the other; a blank card will terminate
the set of runs.
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TABLE 1
SUBROUTINES OF THE PROGRAM CALLED “SKCLM"

SUBROUTINE NAME PURPQOSE

AGENT Sets up resistance and capacitance coefficients i.e.
the diffusive and absorptive properties, for the
given skin type. Prints out heading and parameter

information.
INDXX Sets up run control indices.
n
CONST Calculates the components of the matrix A, based on

the input information.

CLOTH Sets up boundary conditions when the model is used to
simulate a clothing over skin ensemble. It can call
the routines, VAPC, LIQC, LIQPC, CLREM.

VAPC Boundary conditions for a vapour challenge against a
cloth over skin situation.

LIQC Boundary conditions for a liquid challenge against a
cloth over skin situation.

LIQPC Boundary conditions for liquid pressed into cloth in
a cloth over skin situation.

SKIN Sets up boundary conditions when model is used to simu-
late a vapour or liquid challenge against bare skin.

DECON Simulates the removal or decontamination of penetrated
mass from the skin.

4v

TRID Inverts the matrix A.

PROUT Used to control printout of the mass penetrated with
time.

SKCLM The main line program.
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310

Subroutine - AGENT

A-1 UNCLASSIFIED

SUBROUTINE AGENT (RTHINsVTHINSRAVEGI»VAVEGsUsRsVeRALIRA2INsNSINCoNR

1DECAY » INDEX)

DIMENSION R(2)+V(2) s INDEX(1)sA(80)

WRITE(3,1)
READ(2+2) (A(l)e1I=1s80)

N=NO OF SLICES IN THE SKIN SYSTEMyNC=U NO CLOTHING»=2 CLOTHING
SYSTEM ADDEDs NS=] AVERAGE SKIN»=2 THIN SKINs NR GREATER THAN Z2ERO
IMPLIES SIMULATED SKIN SYSTEM

GO TO (15516)sNC
IF{NR} 17917018
WRITE(343)

GO TO 21
WRITE(344)

GO TO 21

IF(NR) 19919920
WRITE(3,5)

GO TO 21
WRITE(346)

WRITE(3,7) (A(l)s1=1,80)

1IF(NR) 22922923

GO TO (244925) 9NS
R{2)=RAVEG/FLOAT (N=2)
V(2)=VAVEG/FLOAT (N=2)
WRITE(3,8) RAVEGsVAVEG
GO TO 26
R(2)sRTHIN/FLOAT (N=2)
V(2)sVTHIN/FLOAT (N=2)
WRITE(349) RTHINSVTHIN
GO TO 26
R(2)=RAVEG/FLOAT(N)
V(2)sVAVEG/FLOAT(N)
WRITE(3+10) RAVEGIVAVEG
RAl1=0 o9 /Un%0 4,78

RA2=RA1

WRITE(3,11) UsRALHIDECAY
DO 27 1=144

INDEX(1)=0

1 FORMAT(1H1+38Xe'A MATHEMATICAL MODEL TO DESCRIBE AGENT PENETRATION

0NV EWN

11 FORMAT(/942Xs '"WINDSPEED =

1)
FORMAT (80A1)

FORMAT(81Xs 'THROUGH BARE SKIN')
FORMAT (49X ' THROUGH SIMULATED SKIN')
FORMAT (47X ' THROUGH CLOTHING AND SKIN'}
FORMAT (42X s ! THROUGH CLOTHING AND SIMULATED SKIN')

FORMAT (/+20X980A1s/)

FORMAT (54X ¢ AVERAGE SKIN'//942X s ' TOTAL RESISTANCE = ' 3F944,33Xs' (M
1IN/CM) s/ 942X 9 ' TOTAL CAPACITANCE = 14F9s292Xs' (CM) )

9 FORMAT(S56Xs!THIN SKIN's//942Xs ! TOTAL RESISTANCE = '9F94493Xe! (MIN/
1CM)Y 19 /942X 'TOTAL CAPACITANCE = ' 4FGa292Xs ! (CM) ')

10 FORMAT (53X 'SIMULATED SKIN' 4//942Xs'TOTAL RESISTANCE = '4F94453Xs!
1(MIN/CM) " /942X 'TOTAL CAPACITANCE = 'F94292Xs'(CM) 1)

Y9F6a296Xs" (CM/SEC) ' 9/942Xs ' BOUNDRY LAYE

1R RESISTANCE'sF9e392Xe ! {MIN/CM)' 9/ +42Xs'DECOMPOSITION RATE' y10XsF5

2e392X9 ' {1/MIN) )

RETURN
END
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Subroutine - CONST

1gUgRggIINE CONST {NsNCoNNINUMoNK s DELTsDECAYIRALSRAZIR9VIRTyVTsMSsAs
sCo

DIMENSION V(2)sR(2)oVT(L1)sRT(1)sMS(1)9A(2)9B(1)sC(1)

IF(NR) 1912
1 R(1)=R(2) /240
R(N=1)=R(1)
VIN =5 ,%y(2)
NK=N=1}
DO 10 I=3,4NK
VIiIyav(2)
IF(I=(N=1)) 11910910
11 R(1)=R(2)
10 CONTINUE
R(N)=RAl
NK=N
GO TO 3
2 NKaN~1
DO 4 Is=1yNK
4 R(1)=R(2)
DO B I=1,N
5 Vily=v(2)
NK=N

3 GO TO (20921)9NC

21 NK=N+1
RIN)=RT(1)/(2.,0#FLOATIMS{1}))
IF{NR) 6¢647

7 R(N)=R(N) 4 R({N=11/2,0
6 DO 12 J=14NUM
MlsMS(J) + NK=2
DO 13 IsNKyM1
R{I)=RT(J)/FLOAT(MS{J})

13 vi1)sVT{J) /FLOAT(MS(J))
V{M1+1)=VT(J} /FLOAT(MS(J}))
IF(J=NUM) 14,515,415

18 R{M1+1)=RT(JUI/(2#FLOATIMS(J)))
GO TO 12

14 RIMI+1)w(RT(J)/FLOATIMS(J)) + RT(J+1)/FLOATIMS(J+1)})/2.0

12 NKsM1 + 2
NN=M1 + 1
RINN)} = R{(NN) + RAZ2
NK=NN

20 B{l)y=1,0
Al2)20,0
DO 16 Im24NK
B(l)=140 + DELTH((R(I}+R(I=1))/(VII)%R(I)%R(I=1)) + DECAY)
C(l=1)=m =DELT/(V(I)#R{1I=1))
IF(I=NK) 17516916
17 A(l+1l)= =DELT/(V{II*R(I))
16 CONTINUE
IF(NR) By8,9%
9 B(l)=B(1) + DELT*(1.0/(V{1)#R(1)) + DECAY)
A(2)m=DELT/(VI1)#R(1))
8 CONTINUE

RETURN
END
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Subroutine - INDXX
SUBROUTINE INDXX(DELTsTOTALsTNsTDsTSs TRaNTOTLINTNoNTDeNTSH)NTR)

NTOTL a IFIX{TOTAL#60.,0/DELT + 0,00001)
NTN = IFIX{TN*#60,0/DELT + 0,00001)

NTD = IFIX(TO#60,0/DELT + 0,00001)
NTS = IFIX{TS#60,0/DELT + 0.00001)
NTR = IFIX(TR®#60,0/DELT + 0.00001)

WRITE(3s1) TOTALSTDsTNDELT
1 FORMAT(//942Xs'TIME CONSTANTS's/946Xs"TOTAL TIME' s8Xs'=m!sFT76293Xs!
1(HOURS) "o/ 944Xy ' TIME OF DECONTAM =t oF7,293Xe! (HOURS) ' 9/ 944Xe 'TIME
2 INCREMENT =t oFT70293Xs " (HOURS) 1 9/9 44X,y 'DELT 2 yFTe392Xy' {MINU
3TES) ' »///7983Xy tTYPE OF SURFACE!)

RETURN
END

Subroutine - CLATH

SUBROUTINE CLOTH(NCLoNoNNINUMINTIMESNTSoNTRINK» INDEXsITHLY sKTHSL oM
19RsBGIUIDELTIRA2)DECAY sMASSeCSeMSHVKIN)

REAL M(70)9sMASS(S)
DIMENSION INDEX(4)sR({T70)sB(T0)eMS(6)sVITO)

GO TO (10s11512)4NCL

10 IF(INDEX(1)) 1391314
13 CALL VAPC(GIRsMsINDEXsDELTsNN)
14 IF(NTS=NTIME) 17416915
16 TIME=FLOAT{NTIME)*DELT/60.0
WRITE{(3,1) TIME
G-0.0
GO TO 17

11 IF(INDEX{1)) 18918919
18 CALL LIQC(UIRsVsBIMIRAZIDELTIDECAY sINDEX sMASSH1CSeNN»G)

19 IFLINDEX(2)) 20920921

20 Usy + DELT#(CSH#R(NN)}/{ (RINN)=RA2)I#RAZ2)=M(NN)/(VINN)®#(R(NN)=RA2)))
IF(U = MASS{1)) 21,2222

22 TIME=FLOAT(NTIME)#DELT/60,0
WRITE(3,2) TIME
G-0.0
B(NN)=1e0 + DELT#({(R(NNI+R(NN=1))/(VINN}®#R(NN)®#R(NN=1)) + DECAY)
INDEX(2)=INDEX({2) + 1

21 GO 1O 17

12 IF(INDEX(1)) 23423424
23 CALL LIOPC(CSINUMaNIMS oM ITHLY s KTHSL o KINoINDEX)
24 IF(INDEX(2)) 25925926
28 IF(M{KTHSL)=CS#V (KTHSL)) 27927426
27 KTHSL=KTHSL+]
IF(KTHSL=NN) 28,2829
29 KTHSL®=KTHSL-1
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NK=NN
G=0,0
INDEX(2)=INDEX(2) « 1
GO TO 26
28 GO TO 25
26 IF((KTHSL=KIN)=MS(ITHLY)) 3043131
31 TIME=sFLOAT(NTIME}*DELT/6040
WRITE(3¢3) ITHLY»TIME
KINsKIN+ MS(ITHLY)
ITHLY=ITHLY + 1
GO TO 26
30 IF(INDEX(2)) 32932417
32 NK=sKTHSL=1
GuDELT#CS/R (NK)
IF(NK={NN=2)) 33,535,235
38 IF(NK={NN=1)) 36437437
36 M(NN=1)aM(NN=1}=DELT*#(CS#*#(1a/R(NN=2)+DECAY*V(NN=1))=M(NN=2})/(V(NN=
12)#R(NN=2}))
GO TO 37
33 MINK+L)eM(NK+1)=DELTH#(CS*{1la/R(NK) + DECAY#V(NK+1)) = MINK)/{VINK)
1#R(NK)))
L=NK+3
DO 38 Is=LyNN
38 M{1=1)sM(I=1) = DELTHDECAY#CS#V(I=1)
37 M(NN)asM{NN) = DELTH#CS#({1le/R(NN) + DECAY®V(NN))
17 IF(NTR=NTIME) 1593415

34 CALL CLREM(NTIMEsNsNNsMsDELTINK)

1 FORMAT (/942Xy 'SOURCE REMOVED A Tm!4F54292X)y' (HOURS)'y/)

2 FORMAT(/+42Xs'LIQUID GONE AT Ts!yF6.292Xs' (HOURS) /)

3 FORMAT (/442Xs'LIQUID ALL GONE IN LAYER 1,129! AT TutyF8e292Xs ' (HO
1URS) /)

15 RETURN
END

Subroutine - VAPC

SUBROUTINE VAPC(GeRsMsINDEXsDELT9NN)

REAL M(1)}
DIMENSION R{1)oINDEX(1l)

READ(2,1) C
WRITE(23,2) C
G (C/R{NN))#DELT
DO 5 Im1,NN
5 M(1)1=0,0
INDEX(1)=INDEX(1) + 1
1 FORMAT (F10,0)
2 FORMAT(/942Xs 'VAPOUR ON CLOTHINGs CONCENTRATION ='9Elleés' (MG/CM®
1#3)¢)

RETURN
END
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Subroutine - LIQC
SUBROUTINE LIQC(UsRsVsBIMIRA2+1DELTIDECAY s INDEXsMASSeCSeNN9G)

REAL MASS(1)eM(1)
DIMENSION R{1)sB(1)eVI1)sINDEX(1)

READ(2s1) MASS(1)9CS

WRITE(3,2) MASS(1)4CS

U=Q,0

Gu(CS/(R(NN)=RA2))*DELT

BINN)=lo+DELT#( (R{NN)=RA2+R(NN=1))/(V(NN)#(R(NN)=RA2)#R{NN=1)) +

1 DECAY)

DO 3 I=1sNN
3 M(1)=0,0

INDEX{1)=INDEX(1) + 1
1 FORMAT(2F1040)
2 FORMAT( /942Xy 'LIQUID ON CLOTHING MASS ='oFTe3492Xs ! (MG/CMHN2) 19/ 45

18Xs1SVC =t pE119492X9e ! (MG/CMun3) 1)

RETURN
END

Subroutine - LIQPC
SUBROUTINE LIQPC{(CSINUMINIMSIMoITHLY s KTHSL sKINs INDEX)

REAL M(1)MASS(6)
DIMENSION MS(1) +INDEX(1)

READ(24¢1) CSs(MASSII)pInlgNUM}
WRITE(2392) CSe(1sMASS(1)1a)NUM)
DO 30 I=1eNUM
IF(MASS(I)) 30,30931
30 CONTINUE
31 ITHLY=]
KTHSL=N+1
IF(ITHLY=1) 32932433
33 DO 34 I=2,1THLY
34 KTHSLesKTHSL + MS(I-=1)
32 KINsKTHSL
DO 35 Im2eKTHSL
3% M(l=1)=0,0
NN=KTHSL
DO 36 J=ITHLY sNUM
NK=MS(J) +NN=]}
DO 37 L=NNsNK
27 M{L)=MASS(J)/FLOAT(MS({J))
36 NN=NK+1
INDEX{1)=sINDEX(1l) + 1

1 FORMAT(B8F1040)

2 FORMAT(/+42Xs 'LIQUID PRESSED THROUGH CLOTHING!»/958Xs*'SVC s'9EL1144
192Xy (MG/CMH%3) 13 //9(63X9110TX9sFTe30/))
RETURN
END
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Subroutine - CLREM

SUBROUTINE CLREM(NTIME sNaNNsMsDELT oNK)
REAL M(1)

K=N+1
TIME=FLOAT(NTIME)®#DELT /6040
WRITE(341) TIME

DO 2 I=K NN
2 M(1)=0,40
NK=N
c 1 FORMAT (/342X 'CLOTHING REMOVED AT T=m! F6e292Xs ! (HOURS) ' 9/}
RETURN
END
Subroutine - SKIN
¢ SUBROUTINE SKIN(NLONINTSINTIMESINDEXsDELToMIR»V 9B +GIDECAYIKNsMASS )
REAL M(1)9MASS(1) KN
DIMENSION INDEX{(2)sR{1)sV(1)sB(1)
C
GO TO (10s11) sNL
C
10 IF{INDEX{1)) 12512913
12 READ(241) C
WRITE(3,2) C
Ge{C/R(IN))I®DELT
DO 30 I=14N
30 M(1)1=0,0
INDEX(1)=INDEX(1l) + 1
13 IFINTS=NTIME) 14+1%414
15 TIME=FLOAT(NTIME)#DELT /60460
WRITE(3,3) TIME
G-0.0
GO TO 14
C
11 IFLINDEX(Y)) 16416917
16 READ(241) MASS(1),SVC
WRITE(3s4) MASS{1)sSVC
DO 31 I=2eN
31 M(1=1)=040
M{N)=MASS({1)
IF{MASS(1)/VIN)=SVC) 18518919
18 WRITE(3,5)
G=0,0
INDEX(1)=INDEX(1) + 1
GO TO 14
o

19 KNsV(N)#SVC/MASS(1)
WRITE( 396}
Gu=(DELT*KN#MASS (1) /{VIN)#R(N)})
B{NI=(1e0 + DELT#(1s/(VINI®#R(N=1)) + DECAY))
INDEX(1)=INDEX(1l) + 1
INDEX(2)=sINDEX(2) + 1
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17
20
21

14
1
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3
4

5
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IFCINDEX(2)=1) 14920914

IF{M{N)=KN#MASS(1)) 2192114

G=0,0

B{N)=1s + DELT®#((RIN)+R(N=1))/(VIN)#R(N)*R(N=1)) + DECAY)
INDEX(2)=INDEX(2) + 1

CONTINUE

FORMAT (2F1040)

FORMAT (/s42Xs 'VAPOUR ON SKINs CONCENTRATION ='!sElleds! (MG/CM#%3 )
1)

FORMAT (/942X ¢ ' SOURCE REMOVED AT Tm'yF6a2+2Xs!' (HOURS) '/}

FORMAT (/942Xs 'LIQUID ON SKIN MASS=!gFTe392Xs ! (MG/CMRR2} 1 3/956Xs"! S
1VC ='sFTe392X9! (MG/CMR%3) V)

FORMAT (/942X 'THE DENSITY APPLIED IS LESS THAN THE SVCts/)

FORMAT (/942X 'THE DENSITY APPLIED IS GREATER THAN THE SVC'y/)

RETURN
END

Subroutine - DECPN

SUBRQUTINE DECON(NTIMEsAsBsCoNsGeDELTIM)
REAL M(1)

DIMENSION A(1)eB(1)9C{1)
TIME=FLOAT(NTIME ) #DELT /60,0

WRITE(3s1) TIME

CiN=1)=0,0

B(N)=0,0

A(N)=0,0

Gu0,0

M(N)=0.0

1 FORMAT /y42Xs DECONTAMINATION AT T oF60292Xs HOURS o/

RETURN
END

Subroutine - TRID
SUBROUTINE TRID(MeAsBsCsNKGG)

REAL M(1)
DIMENSION A(1)9B(11sC(1)sQ(TO0)sW(TO)»G(T0)

M(NK) =M(NK) +GG

W(l)=B(1)

G(1l)=M(1)/W(1l)

DO 1 I=2,NK
Q(I=1)=C(I=1)/W(l=1)
W(l)=B(])=A(1)#Q(]=1)
G(I)=(M(I)=A(T)®#G(I=1))/W(I)

M{NK) =G {NK)

DO 2 I=324NK

KaNK+1=]
MIK)=G{K)=Q(K)%¥M(K+1)

RETURN
END
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Subroutine - PREUT

UNCLASSIFIED

SUBROUTINE PROUT(NCsNRsNCLINUMsNoNTIME sMsMSsUsDELT » INDEX)

REAL M({1l)

DIMENSION INDEX{3)sSUM(TIsMS(1)
TIME=FLOAT(NTIME)#DELT /6040 + 0400001

DO 20 Iml,7
SUM(T1)=0,0

IF(INDEX{3)) 21421922
WRITE(3+1)
INDEX(3)=INDEX(3) + 1
IF(NR) 23423424

GO TO (258526) 9NC
WRITE(3s2)

GO TO 22

IF(NUM=4) 27427428
NM=NUM

GO TO 29

NM=4

GO TO (30931932+33)sNM
WRITE(343)

GO TO 22

WRITE(344)

GO TO 22

WRITE(3,5)

GO TO 22

WRITE(3,6)

GO TO 22

GO TO (34+38) 4NC
WRITE(3,7)

GO TO 22

IF(NUM=8) 364364937
NM=aNUM

GO TO 38

NM=6

GO TO (3940941542943 944)9NM
WRITE(348)

GO TO 22
WRITE(3,9)

GO 70 22
WRITE(3,10)

GO TO 22
WRITE(3,11)

GO TO 22
WRITE(3912)

GO 10 22
WRITE(3,13)

IFINR) 45945946
DO 47 I=34N
SUM(1)=SUM(1) + M({I~1)
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GO TO &8

46 DO 49 I=14N

49 SUM(I1)=SUM(Ll) + M(I)

48 GO TO (50951} 9NC

S0 IF({NR) 52452453

52 WRITE(3414) TIMEsM(L1)sSUM(1)sMIN}

GO TO 54
53 WRITE(3,15) TIME.SUM(1)
GO TO 54
51 K=N+l
KNKsNM + 1
DO 85 J=23KNK
KKaK=1+MS{ J=1)
DO 56 [=KsKK
56 SUM(J)I=SUM({J) + M(I1)
85 K=KK+1
IF(NR) 57957458
BT GO TO (89960959)sNCL
59 WRITE(3416) TIMESMI1)sSUMIL)IsM{N) o (SUM(I)»I=2)KNK)
GO TC 54
60 WRITE(3417) TIMESUsM{1) sSUMIL) yMIN) s (SUM(T}sI=24KNK)
GO TO 54
858 GO TO (61962961 ¢NCL
61 WRITE(3,18) TIMES(SUM{T)slmloKNK)
GO TO 54

62 WRITE(3419) TIME Us(SUM(I)slmlpKNK)

1 FORMAT('1' 444Xy *MASS IN EACH LAYER IN MGMS/CM*%2t,//)

2 FORMAT (14X s!'TIME' 418Xyt SYSTEMIC! y2(15X»*MASS REMAINING INt) /913X,
1'HOURS ' 417X 'DOSEt 917X 'TRANSITIONAL LAYER'»17X» '"HORNY LAYER'! /)

3 FORMAT(2X, ! TIME® 94Xy tU! 96X 9 ' SYSTEMIC! 99Xy 'MASS INT,,8X9*MASS IN',8X
19 'MASS IN' 3/ 91Xs 'HOURS " 91X 9 "MG/CMRRZ! 94X 'DOSE' s9X 9 ' TRANSITIONAL '
26Xs 'HORNY ' ¢ 7Xs 'FIRST CLOTH' s /935X 923 ('LAYER'»10X) /)

4 FORMAT(2Xp 'TIMEt 34X tU y6Xs ' SYSTEMIC! 99Xy 'MASS IN' y8Xs tMASS IN',8X%
19 "MASS IN'38Xs'MASS IN' 9/ 92Xs'HOURS Y9 1X» "MG/CM¥%2 1 34Xs 'DOSE 99X ' T
2RANSITIONAL ! 96 X9 "HORNY ' s 7TX9 'FIRST CLOTH! 94Xs'SECOND CLOTH' /935X 94
3('LAYER!'310X)s /)

5 FORMAT(2X s "TIME ! 94X s ' U 96X 'SYSTEMIC! 99X s "MASS IN'98X9 'MASS IN'»8X
19 'MASS IN! 48X 'MASS IN's8Xs'MASS INt9/s1Xs 'HOURS! 91X s tMG/CMRR2 44X
29 'DOSE" 99X 9 ' TRANSITIONAL Y 96X » 'HORNY o TXe'FIRST CLOTH!' 94X » 'SECOND C
BLOTH' 93X 'THIRD CLOTH' 9 /935Xs5 (' LAYER 10X} /)

6 FORMAT(2Xs'TIME Y 4 XotU! 96X ' SYSTEMIC! 99X 9 'MASS IN! 98Xy 'MASS IN'BX
1'MASS IN'»BX9t'MASS IN'98Xs"MASS IN'»8Xs'MASS IN's/e1Xs tHOURS' s1X !
2MG/CM#R2 1 34X 9 ' DOSE ' 99X "TRANSITIONALY 96X s ' HORNY ! 9 TXs *FIRST CLOTH',
34X 'SECOND CLOTH' 93X 9! THIRD CLOTH' 94X s 'FOURTH CLOTH'3/935X95{'LAYE
4RV 910X) s 'LAYER 'y /)

7 FORMAT(S50X»'TIME' 910X 9 *MASS IN's /949X »'HOURS' »9X» 'SIMULATED's /965X
291SKINYy/)

8 FORMAT(2X 9 'TIME ' 94X Ut 98X9"MASS IN!s8X9s"MASS IN's/9' HOURS MG/CM#*
1%2 SIMULATED' 985X 9 'FIRST CLOTH!' s/920Xs*SKINYs11Xs 'LAYER' /)

O FORMAT(2Xs 'TIME Y 34X tUt oBX e *MASS IN'¢BXy tMASS IN'o8Xs*MASS IN'e/»!?
1 HOURS MG/CM¥*¥#2 SIMULATED' 95X 'FIRST CLOTH' 24X s 'SECOND CLOTH' s/
220X9tSKIN! 911Xy tLAYER! » LOXo 'LAYER ' /)

10 FORMAT(2X o 'TIME 94X o 'U"' 98X "MASS IN',8Xs'MASS IN'8Xy"MASS IN's8X,
1'MASS IN's/9!' HOURS MG/CMu®2 SIMULATED ' 95Xs'FIRST CLOTH' 94X 9 'SEC
20ND 1 93Xy "THIRD CLOTH! 9/ 920X 'SKINt 311X 93 ('LAYER? »10X) /)

11 FORMAT(2Xs 'TIMEt 94Xs Ut 98X 9 "'MASS INT48Xs*MASS IN!' 8X9"MASS IN's8X,
1'MASS IN'¢8Xy*MASS IN'ys/9!' HOURS MG/CM#%2 SIMULATED ' 95X 'FIRST C
2LOTH SECOND CLOTH THIRD CLOTH FOURTH CLOTH's/920Xs'SKIN'1
B31Xek( 'LAYER!' »10X) 9/)
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12 FORMAT(2Xs'TIME' 94X 'U' 98X s 'MASS IN's8Xs'MASS IN'+8Xs"MASS IN's8Xys
1'MASS IN'8Xs 'MASS IN'»8Xs'MASS IN's/s' HOURS MG/CME®2 SIMULATED
2'93Xs *FIRST CLOTH SECOND CLOTH THIRD CLOTH FOURTH CLOTH
3FIFTH CLOTH'»/920X9'SKIN' 911X s5( *LAYER's10X)s/)

13 FORMAT(2Xs'TIME! 44Xy 'U"? 98Xy 'MASS IN!8XytMASS INT 48Xy 'MASS IN' 98Xy
1'MASS IN'BXs 'MASS IN'98Xs'MASS IN'»8X»*MASS IN's/s' HOURS MG/CM¥*%
22 SIMULATED's5X»*FIRST CLOTH SECOND CLOTH THIRD CLOTH FO
3URTH CLOTH FIFTH CLOTH SIXTH CLOTH"»/920Xy 'SKIN'»11XsS('LAYER
49510X) s TLAYER /)

14 FORMAT(12XsF743413XsF1l0e7918XsF1047921XsF1047)

15 FORMAT(48XsFT74398XsF9e6)

16 FORMAT(F743s BXs7({2XsF10e793X))

17 FORMAT (FT7439FBa5+7(2XeF10e793X))

18 FORMAT(F743y 8X»7(2XeF10e793X))

19 FORMAT(FT743sF845+7(2XeF10e793X))

54 RETURN
END
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Main 1ine program named - SKCLM

REAL M{70) sMASS(6) sKN
DIMENSION A(T70)+B(T0)sC(TO)SR(TO)sV(TO)IRTIE)SVT(6)9IMS(6) 9 INDEX(4)

21 READ{2+1) NsNCHINSHNR
IF(N) 25425526
26 READ(2+2) RTHINSVTHINSRAVEGsVAVEGIUDECAYSDELT
READ(292) TOTALsTNsTDsTSH»TR
CALL ?GENT(RTHIN’VTHINvRAVEG:VAVEG'UoRoVuRAl9RA2.N9NS;NC|NR;DECAY.
1INDEX

GO TO (10911} sNC

10 READ(2+3) NL
GO TO 12

11 READ(24+3) NCL
READ(29¢4) NUMy(MS(I)oRT(I)sVT(I)sImlaNUM)
WRITE(3+5)
WRITE(3s6) (IeMS{I)RT(IIsVT(I)s InleNUM)

12 CALL INDXX(DELT*TOTALITNsTDsTS»TRINTOTLINTNINTDINTSINTR)
CALL CONST(NsNCoNNoNUMgNK s DELT»DECAYsRALIRAZIRIVIRTsVTsMS,A9BsCyNR
1)
NTTeNTN

NTIME = 1
22 GO TO (13s14)4NC

13 CALL SKIN(NLSNINTSINTIME »INDEXsDELTsMsRsVsBsGsDECAYsKNIMASS)
GO TO 15

14 CALL CLOTH(NCL aNsNNINUMINTIMESNTSINTRINKsINDEXs ITHLY s KTHSLIMIRIBG
19UsDELTHRA2IDECAYIMASS g CSyMSeVHKIN)

15 IF(NTIME=NTD) 16917116
17 CALL DECON(NTIMEsAsBsCoNsGIDELTIM)

16 CALL TRID(MyA4BsCeNK G}
IFINTIME=NTT) 18+19919%

19 CALL PROUT(NCoNRsNCLINUMyNaNTIME sMoMS yUsDELT » INDEX)
NTTaNTN + NTIME

18 IF{NTIME = NTOTL) 20,21»21
20 NTIME=NTIME + 1
GO TO 22

FORMAT (413)

FORMAT (8F10.0)

FORMAT (1 3)

FORMAT (134/9(139F10e09F1040)})

FORMAT(//942X s 'CLOTHING PARAMETERS ' s/ 944Xy 'LAYER ' 92Xy 'MS?y2Xs tRESI
1STANCE ' 92X s 'CAPACITANCE'9/956Xs ' (MIN/CM) *96Xs! (CM) /)

6 FORMAT (46X 114X e1293XsF60396X9F8,42)

B W N

25 CALL EXIT
END
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