SUPPLEMENT 1. DAOM: main program (MatLab)

%Main program (Graphical presentation DAOM)
function H=Vavrrr

tm=15;

%tm - total integration time

%experimental data

%isotope

C13CO2Time=[];hold on;

C13CO2=[];hold on;

STC13CO2=[];

C13CH4Time=[0 20 65 140 240 340]/24;hold on;

C13CH4=[-41.1 -40.9 -41.6 -43.4 -45 -46.3];hold on;

STC13CH4=[0.1 0.9 1.5 1.8 1.8 1.9];

C13CH4Time=[0 20 65 140 240 340]/24;hold on;

AC13CH4=[-41.1 -41.6 -40.8 -39.2 -39 -38.5];hold on;

ASTC13CH4=[0.025 0.22 0.42 0.45 0.45 0.5];

%apparent isotope fractionation index

Time=[];

Index=[(C13CO2(:)+1000)/(C13CH4(:)+1000)];hold on;

%Gas

% in kPa  1kPa = 0.009869233atm

MethaneTime=[0 20 65 140 240 340]/24; hold on;

Methane=     [3.7 3.8 4 4.65 5.4 6]; hold on;

AMethane=     [3.6 3.45 3.3 3.2 3.05 3]; hold on;

STCH4=[0.1 0.1 0.2 0.4 0.5 0.8];

ASTCH4=[0.1 0.1 0.1 0.1 0.1 0.1];

CO2Time=[];hold on;

CO2=[]; hold on;

STCO2=[];

%Grafics axies

subplot(3,3,1);

ylabel('Concentrations, g L^{-1}');hold on;

hold on;

subplot(3,3,2);

ylabel('Bio-DAOM, g L^{-1}');hold on;

subplot(3,3,3);

axis([0 tm 0 0.1]);

ylabel('dis CH_4,H_2, g L^{-1}');hold on;

subplot(3,3,4);

ylabel('NO_3^{-}, g L^{-1}');hold on;

hold on;

subplot(3,3,5);

ylabel('Biomass, g L^{-1}');hold on;

hold on;

subplot(3,3,6);

axis([0 tm 1.0 1.1]);hold on;

ylabel('\alpha_C^{ap} ');hold on;

plot(Time,Index,'ko');hold on;

subplot(3,3,7);

xlabel('Time, days');

ylabel('Pressure, kPa');hold on;

plot(MethaneTime,Methane,'ko');hold on;

errorbar(MethaneTime,Methane,STCH4,'ko'); hold on;

errorbar(MethaneTime,AMethane,ASTCH4,'k*'); hold on;

subplot(3,3,8);

xlabel('Time, days');

ylabel('\delta^{13}C, o/oo');hold on;

axis([0 tm -70 35]);

h=plot(C13CH4Time,C13CH4,'ko');hold on;

errorbar(C13CH4Time,C13CH4,STC13CH4,'ko'); hold on;

errorbar(C13CH4Time,AC13CH4,ASTC13CH4,'k*'); hold on;

subplot(3,3,9);

xlabel('Time, days');

ylabel('f_C');hold on;

%Parameters

%total volume of reactor, ml 

VL=150;

VG=100;

%Gas constants

Avogadro=23.2; 

%%ммоль/(л*атм);

KHCH4=1.85;

KLCH4=50;

KHCO2=15;

KLCO2=50;

KHH2=0.87;

KLH2=100;

%isotope fractionation coefficients

%Sar

p1=1.01;

%Sae

p2=1.01;

%H2-Meth

p3=1.08;

%AcOx

p4=1.01;

%cellulose

p10=1.003;

%Dead_Biomass

p11=1.005;

%CO2

p100=1.001;

%CH4

p101=1.001;

%HCO3

p200=1.002;

%HCO3(-)

p201=1.002;

%Microbiological constants

rmSar=0;

rmSae=0.8;

rmH2=4.3;

rmAcOx=2.5;

kdSar=rmSar*0.001;

kdSae=rmSae*0.001;

kdAcOx=rmAcOx*0.001;

kdH2=rmH2*0.001;

kh1=0.012;

kh2=0.001;

KsSar=1.2/60;

KsSae=0.2/60;

KsAcOx=0.3/60;

KsH2=0.00000001;

KsH2CO3=0.2/62;

ySar=0.025;

ySae=0.025;

yAcOx=0.025;

yH2=0.025;

%Initial conditions

Cel0=2;

NO30=1.5; 
%without nitrate
%NO30=0; 

N20=0;

Ac0=0.003;

H20=0.000000001;

CO2s0=1.0;

CH40=0.00000000005;

CH4hyd0=0.00000000005;

CH4ac0=0.00000000005;

CO2g0=0.00001; 

CH4g0=1.0;  

H2gas0=0;

%Biomasses

BAcOx0=0;

BSar0=0;

BSae0=0.000065*1000;

BH20=0.00001*1000;

BB0=0.000001;

BAOM0=0.125; 

%Isotope values

C13H3COOH0=0.0112372*Ac0*1;

C13CO2s0=0.01085*CO2s0*1;

C13CO2g0=0.01085*CO2g0;

C13H40=0.010655*CH40*1;

C13CH4g0=0.010655*CH4g0;

C13Bsar0=0.0112372*BSar0*1;

C13Bsae0=0.0112372*BSae0*1;

C13BAcOx0=0.0112372*BAcOx0*1;

C13BH20=0.0112372*BH20*1;

C13BB0=0.0112372*BB0*1;

C13Cel0=0.0108*Cel0*1;

C13BAOM0=0.0112372*BAOM0*1;

%solving differential equations
tspan=[0 tm];

%initial values

y0=[Cel0 Ac0 H20 CO2s0 CH40 BAcOx0 BSar0 BSae0 BH20 C13H3COOH0 C13CO2s0 C13H40 C13Bsar0 C13Bsae0 C13BAcOx0 C13BH20...

        C13Cel0 BB0 C13BB0 CH4hyd0 CO2g0 C13CO2g0 CH4g0 C13CH4g0 CH4ac0 H2gas0 BAOM0 NO30 N20 C13BAOM0]';

options=odeset('RelTol',2.3e-14,'AbsTol',1e-16);

[X,Y]=ode15s(@equations, tspan, y0,options,VL,VG,Avogadro,KHCH4,KLCH4,KHCO2,KLCO2,KHH2,KLH2,...

             p1,p2,p3,p4,p10,p11,p100,p101,p200,p201,kdSar,kdSae,kdAcOx,kdH2,...

kh1,kh2,KsSar,KsSae,KsAcOx,KsH2,KsH2CO3,ySar,ySae,yAcOx,yH2,rmSar,rmSae,rmAcOx,rmH2);

TT=[X]';hold on;

E1=[Y(:,1)]';

E2=[Y(:,2)]';

E4=[Y(:,4)]';

E5=[Y(:,5)]';

E12=[Y(:,12)]';

E11=[Y(:,11)]';

E10=[Y(:,10)]';

E17=[Y(:,17)]';

E21=[Y(:,21)]';

E22=[Y(:,22)]';

E23=[Y(:,23)]';

E24=[Y(:,24)]';

E25=[Y(:,25)]';

E26=[Y(:,26)]';

E27=[Y(:,27)]';

E28=[Y(:,28)]';

E29=[Y(:,29)]';

E30=[Y(:,30)]';

%Grafics

subplot(3,3,1);

%C6H10O5; CH3COOH

hPlot=plot(X, Y(:,1)*162/1000,'k-'); axis([0 tm 0 0.5]); set(hPlot,'LineWidth',2);hold on;

hPlot=plot(X, Y(:,2)*60/1000,'k-'); axis([0 tm 0 0.5]); set(hPlot,'LineWidth',1);hold on;

subplot(3,3,2);

%Bio-AOM

hPlot=plot(X, Y(:,27)*113/1000,'k-'); axis([0 tm 0 0.025]); set(hPlot,'LineWidth',2);hold on;

subplot(3,3,3);

%H2

hPlot=plot(X, Y(:,3)*2/1000,'k-'); axis([0 tm 0 0.002]); set(hPlot,'LineWidth',2);hold on;

%CH4-sol

hPlot=plot(X, Y(:,5)*16/1000,'k-'); axis([0 tm 0 0.002]); set(hPlot,'LineWidth',2);hold on;

subplot(3,3,4);

%NO3

hPlot=plot(X, Y(:,28)*62/1000,'k-'); axis([0 tm 0 0.2]); set(hPlot,'LineWidth',2);hold on;

subplot(3,3,5);

%Bio-Methanogens

hPlot=plot(X, Y(:,9)*113/1000,'k-'); axis([0 tm 0 0.016]); set(hPlot,'LineWidth',2);hold on;

hPlot=plot(X, Y(:,8)*113/1000,'k-'); axis([0 tm 0 0.016]); set(hPlot,'LineWidth',1);hold on;

subplot(3,3,6);

%apparent isotope fractionation index

qwerty5=(Y(:,22)./(Y(:,21)-Y(:,22))/0.0112372-1)*1000+1000;hold on;

qwerty3=(Y(:,24)./(Y(:,23)-Y(:,24))/0.0112372-1)*1000+1000;hold on;

hPlot=plot(X,qwerty5./qwerty3);axis([0 tm 1.0 1.05]); set(hPlot,'LineWidth',1);hold on;

subplot(3,3,7);

%gas pressures

pCH4=Y(:,23)*VL/VG*Avogadro*101.3/1000;

pCO2=Y(:,21)*VL/VG*Avogadro*101.3/1000;

hPlot=plot(X, pCH4,'k-'); axis([0 tm 2 7]); set(hPlot,'LineWidth',1);hold on;

%isotope signatures

subplot(3,3,8);

%cellulose

qwerty0=(E17./(E1-E17)/0.0112372-1)*1000;hold on;

%methane

qwerty3=(E24./(E23-E24)/0.0112372-1)*1000;hold on;

hPlot=plot(TT, qwerty3,'k-'); axis([0 tm -50 -35]); set(hPlot,'LineWidth',1);hold on;

%carbon dioxide

qwerty5=(E22./(E21-E22)/0.0112372-1)*1000;hold on;

%acetate 

qwerty10=(E10./(E2-E10)/0.0112372-1)*1000;hold on;

subplot(3,3,9);

%fraction of hydrogenotrophic methanogenesis

hPlot=plot(X, Y(:,20)./(Y(:,25)+Y(:,20)),'k-'); axis([0 tm 0 1]); set(hPlot,'LineWidth',2);hold on;
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