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ESTUDIO DE LAS PROPIEDADES FISICOQUIMICAS DE UN SUELO CONTAMINADO CON

PETROLEO DURANTE EL PROCESO DE BIORREMEDIACION

Tratamiento B520

I & NomfineapCurve Fit (ModiefiedGoimpertz (User)) (14/09/2020 12:33.:50)

+ Notes =]
+ Input Batap - |
- Parameters /' =|

Vialue, Standard Error

A 017758 0.06754

g B 000224V 001413
C 109048 0.07328

M 12.62774 { 168071

Reduced Chi-sgr = 9 48385835618E-4

COD{R*2) = 0.5560832523185

Iterations Performed = 12

Tetal lterations in Session = 12

Fit converged - Chi-sgr no lenger changsd,

- Statistics x|

B
Number of Points "
Degrees of Freedom 7

Reduced Chi-Sgr 0.48386E-4 |
Residual Sum of Squares 0.00664
Adj. R-3quare 099433

Fit Status | Succeeded(101)

Fit Status Code :
101 : Fit convenged - Chi-sgr no longer changed.

- Summary |
A B

Value | Standard Error | Value
B 017758 0.06754  0.09224

Standapd Igﬂlr Valu_e

C
Standard Error | Value
007328 1262774

0.01413-51.09048°%

]

Statistics

Standard Error  Reduced Chi-Sqr | Adj. R-Square

1.68071

9.48386E-4

0.99438

ANOVA =]

DF | Sum of Squares

Mean Square F Valua Prob=F

B

1
]
(1)
=)
[=3
o
=
g
-
(14
2
(1)
=
=
e,
o
g

(KN

Regression 4 12 16061 3.&0151’ 3205608077 24156611
] N
Residual 7 0.00664 9.48386E-4
Uncorrected Total 11 1216725 > ( 4
Corrected Total 10 1.68634
- Fitted Curves Plot ~ +|
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ESTUDIO DE LAS PROPIEDADES FISICOQUIMICAS DE UN SUELO CONTAMINADO CON

PETROLEO DURANTE EL PROCESO DE BIORREMEDIACION

B525

= NonlinearGurve Fit (ModiefiedGompertz (User)) (14/09/2020 12:41:31)

+ Notes =]
+ Input Data > ~|
- Parameters 4 =|

Valge peStandard Error

A 0.75355¢ 0.08975

B B 0.03544, " _ 0.01046
Cc 0.34271 0.10387

M 14.9382 12.01997

Reduced Chi-zgr = 1.B455TET2137E4
COD{R*2) = 0.5878D051388842
Iterations Performed = 23
Tetal Iterations in Session = 23

Fit converged. Chi-Sgr tolerance valigiof 1E-8 was reached.

- Statistics x|

E
Number of Poirts LT
Degrees of Freedom K
Reduced Chi-Sgr 1.84558E-4
Residual Sum of Squares 0.00129
Adj. R-2quare 098257
Fit Status | Succeeded(100)

Fit Status Code

100 : Fit converged. Chi-Sqr tolerance value of 1E-9 was reached.
- Summary x|
l A B C M Statistics
Value  StandardError | Value | StandardError  Value,.,Standard Error | Value | Standard Error | Reduced Chi-Sqr | Ad). R-Square
B | 0.75355 0.08975 | 0.03544 0.01046 034271 0.10387  14.9382 13.01997 1.84558E-4 0.98257
- ANOVA j
DF = Sumof Squares | Mean Sguare F Value Prob=F
Regression 4 10.61758 25544 114382 466570 1.26565E-12
Residual 7 0.00129 1.54558E-4
Uncorrected Total 11 10.61887 _'__
Corrected Total 10 01059 I'_
- Fitted Curves Plot ~ ~|
B
i
1
-l Residual vs. Independent Plot j
B
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ESTUDIO DE LAS PROPIEDADES FISICOQUIMICAS DE UN SUELO CONTAMINADO CON

PETROLEO DURANTE EL PROCESO DE BIORREMEDIACION

ANEXO B. Andlisis de varianza y prueba de medias: Efecto de C/N sobre el

crecimiento de biomasa bacteriana
One-way/ANOVA: pmax versus Trat

Source DEF SS MS F P
Trat 5 0#6013267 0.0002653 113.00 0.000
Error 12 0.09000282 0.0000023

Total 17 0.0018549

S = 0.001532 R=8q.*97.92% R-Sq(adj) = 97.05%

Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean 3thevy -—-————- e o Fomm e ———— +-——
1 3 0.011168 0.004226 (=*-)
2 3 0.020305 0.003155 (=*--)
3 3 0.032268 0.00141% (=*=-)
4 3 0.014940 0.000072 (=—*-
5 3 0.017325 0.000929 (==*-)
6 3 0.004339 0.000084 —ks-)
—— e o o o +—=
Q0080 0.0160 0.0240 0.0320

Pooled StDev = 0.001532

Grouping Information Using Tukey Method
rat Mean Grouping
.032268 A
.020305 B
.017325 B C
.014940 CD
.011168 D

T
3
2
5
4
1
6 .004339 E

N
3
3
3
3
3
3

O OO OO o

Means that do not share a letter are significantly different.

Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Trat

Individual confidence level = 99.43%
Trat = 1 subtracted from:
Trat Lower Center Upper —-—-—---- to—————— to—————— Raninky” oo ity +--=
2 0.004935 0.009138 0.013340 (==—*-
3 0.016898 0.021100 0.025303 (==*-
4 -0.000430 0.003772 0.007974 (=*-)
5 0.001955 0.006158 0.010360 (=*-
6 -0.011031 -0.006829 -0.002626 (==—*-
—_——— - - - 1O 2
-0.020 0.000 0.020 0.040
Trat = 2 subtracted from:
Trat Lower Center Upper -——--—--- Fo——————— Fo—————— Fo—————— +-—=
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PETROLEO DURANTE EL PROCESO DE BIORREMEDIACION

oy U1 b W

Trat

Trat

Trat

Trat

Trat

Trat

-0..
<0.
=0

-0.
-0.

-0.
-0.

-0.

Boxplot of pmax

.007760 0.011962 0.016165 (=*-)
009568 -0.005366 -0.001163 (=*-
007183 -0.002980 0.001222 (—=*-
020169 -0.015967 -0.011764 (=*-)
———- fo——— fo——— fo——— +-—-
-0.020 0.000 0.020 0.040
subtracted from:
Lower Center Upper -—-—-—-——+-———————— - - +---
02153118, 70.017328 -0.013126 (=*-)
019145 0.014943 -0.010740 (==*-)
.032131 -0.027929 -0.023727 (-*-)
—————- Fomm Fomm Fomm +-—=
-0.020 0.000 0.020 0.040
subtracted from:
Lower Center Upper ------ t-—————— t-——————- Fom—————— +---
001817 0.002386 0-006588 (=*-)
014803 -0.010601 -0L006398 (=*=)
————— Fom Fom Fom +-—-
-0.020 0.000 0.020 0.040
subtracted from:
Lower Center Upper -——57- t-——————- t-——————- Fom—————— +--=
017189 -0.012986 -0.008%84 (==*-)
——— - ig———————— Fom Fom +-—-
-07020 0.000 0.020 0.040
Boxplot of pmax
0.035 1
0.030
0.025 4
E 0.020 1
% 0.0151
0.010 4
0.005 |
0.000
T T T T T T
1 2 3 4 5 6
Trat
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PETROLEO DURANTE EL PROCESO DE BIORREMEDIACION

Residuaal Plots for umax

Residual Plots for pmax
Normal Probability Plot Versus Fits
99 : 0.004
i [ )
%2 0.0021 o
= E .
8 5o S 0.0001-¢ 't . —e
@ ] ° s
o [ °
10 -0.002
[ ]
1L } ; } ! -0.004- . . .
-0.004 -0.002 0.000 0.002 0.004 0.01 0.02 0.03
Residual Fitted Value
Histogram Versus Order
0.004
8
0.002
z -
6 ©
§ ,'E 0.000 v A o o0 /\.*
g4 g *01/ VoW
e 3
) -0.002
2 \ -0.004-
-0.003 -0.002 -0.001 0.000 0.00#" 0.002 0.003 2 4 6 8 10 12 14 16 18
Residual Observation Order

ANEXO C. Eficiencia de degradacion

Interaction Plot for % eficiencia

Two-way ANOVA: % eficiencia versus Tiempo, Tratamiento

Source DF SS MS F P
Tiempo 4 75205.7 18801.4 1624.73 0.000
Tratamiento 4 928.8 232.2 20.07 0.000
Interaction 16 2984.7 186.5 16.12 0.000
Error 50 578.6 11.6

Total 74  79697.8

S = 3.402 R-Sg = 99.27% R-Sg(adj) = 98.93%
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ANEXO D. Eficiencia de degradacién del tiempo 60

One=way ANOVA: % eficiencia versus Tratamiento

Source DF SS MS F P

Tratamient© 4 679.16 169.79 42.06 0.000

Error 10 40.37 4.04

Total 14 #719.53

S =2.009 R-S¢ =194.39% R-Sg(adj) = 92.14%

Individual 95% CIs For Mean Based on
Pooled StDev

Level N Mean StDeV _=—--- Fomm——————- Fom fom - fm——
1 3 92.477 0.427 (m——%=——)
2 3 96.394 0.150 (————*——m)
3 3 95.538 2.928 (m==H———)
4 3 89.492 3.372 (==—=*-—-)
5 3 77.793 0.192 (--==F—- )

———== T~ ———-—- Fom— Fomm to——-

78.0 84.0 90.0 96.0

Pooled StDev = 2.009

Grouping Information Using Tukey Method

Tratamiento N Mean Grouping
2 3 96.394 A

3 3 95.538 A

1 3 92.477 A B

4 3 89.492 B

5 3 77.793 C

Means that do not share a letter are sighificantlygdifferent.

Tukey 95% Simultaneous Confidence Intervals
All Pairwise Comparisons among Levels of Tratamiento

Individual confidence level = 99.18%
Tratamiento = 1 subtracted from:
Tratamiento Lower Center Upper
2 -1.477 3.917 9.311
3 -2.334 3.0061 8.455
4 -8.380 -2.985 2.409
5 -20.079 -14.684 -9.290
Tratamiento t———————— - o o ——————
2 (===*=——-)
3 (=m==*=mm)
4 (mmm=*=mm)
5 (====*=-—-)
o o o o
-24 -12 0 12
Tratamiento = 2 subtracted from:
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Tratamiento
3
4
5

Tratamient@
3
4
5

Tratamiento

Tratamiento
4
5

Tratamiento

4
5

Tratamiento

Tratamiento
5

Tratamiento
5

Lower Center Upper
-6.251 -0.856 4.538
-12.297 -6.902 -1.508
-23.996 -18.601 -13.207
F——————— F———————— F———————— +
(===*===-)
(m==*===-)
s-*----)
+-N----—— Fe——————— Fe——————— Fe———————
-24 -12 0 12
3 subtF¥acked from:
Lower Center Upper
-11.440 ~6.046 -0.652
-23.139 -17.745 ¢-12.351
Fmm—————— t——F—————- Fmm—————— +
(=g
(===*===-)
Fm———————— +—————- Ry ———————- +
-24 -12 0 12
4 subtracted fromg
Lower Center Upper
-17.093 -11.699 +6.304
Fmm—————— Fe——————— +F——————F +
(m==*===o)
Fm———————— Fm———————— +-F———- +
-24 -12 0 12

Boxplot of % eficiencia

%o eficiencia

100 4

95 -

90 -

85

80 1

Boxplot of % eficiencia

2 3
Tratamiento
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Residtal Plots for % eficiencia

Residual Plots for % eficiencia

Normal Probability Plot Versus Fits
P 4
. [ ]
I [ ]
904 % 2
£ \{ E
[ 3
g 507 % 018 —_— o
o [
10 -2
° [ ]
1 -4
-5.0 ] 5.0 80 84 88 92 96
Residual Fitted Value
Histogram Versus Order

10.0 /\
A
7.5
0 b —t P B S
5.0 ~
2.5 -2 \/\/
] E |

0.0

Frequency
Residual

-3 -2 -1 0 1 2 3 12 3 456 7 8 9 1011 12 13 14 15
Residual Observation Order

DIVISION ACADEMICA DE CIENCIAS BASICAS 140





