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Abstract. Was developed a mathematical model for the study of the growth of bacteria in the compost 
process, this mathematical model was solved numerically and found that temperature plays an important 
role in the growth in the composting process. An increase in temperature benefits bacteria involved in 
decomposition of organic matter, while it decreases the population of pathogenic bacteria, which inhibit 
the process of composting. 
Key words: Compost, Jacketed reactor, Matter balances, Energy balance, System of nonlinear ordinary 
differential equations, Microbial growth equation. 
 

INTRODUCTION 
 

It is known that the composting offers an excellent alternative to minimize problems of, combined with a culture of 
waste sorting, simple and practical treatment may become to convert the non-usable organic matter in perfect pass and 
used in various applications in the area of agriculture or to remediate soils. Compost has a high content of organic matter, 
these materials begin a process of decomposition or mineralization, and change its organic form (living things) to 
inorganic forms (mineral, soluble or insoluble).These minerals flow through the soil solution and finally are used by 
plants and organisms, or stabilized into humus, through the process of humification. It is recommended, before making 
applications of compost or organic matter, such as mineral fertilizers, perform soil analysis to control the levels of 
nutrients.  The necessary nutrients for the growth of the plant come from air, water and soil, the soil solution being the 
means of transport of nutrients [1]. The composting process is necessary for the reduction and use of solid organic waste, 
ensuring correct application and use. It may help farmers to have a better profitability in their processes of crops or it can 
be commercialized. 

 
METHODOLOGY 

 
Theoretical methodology. 
A system of ordinary differential equations which is obtained from the material balance of the system for the 

concentration of bacteria and organic matter concentration was used to model the dynamics of the composting system. 
Balance of matter. 
The proposed mathematical model considers the competition of two species of bacteria (pathogenic bacteria and 

bacteria useful for the composting process or encouraging) and the use of a substrate by both bacteria. The proposed 
model obtained through the bioreactor material balance is as follows: 

 
𝑑𝑑𝐶𝐶𝑠𝑠
𝑑𝑑𝑑𝑑

=
𝐶𝐶𝑠𝑠0
𝑉𝑉
−
𝐶𝐶𝑠𝑠
𝑉𝑉
− 𝑌𝑌𝑠𝑠 𝑐𝑐⁄ 1

𝑓𝑓1𝑛𝑛(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟max)𝐶𝐶𝑥𝑥 − 𝑌𝑌𝑠𝑠 𝑐𝑐⁄ 2
𝑓𝑓2𝑛𝑛(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟max)𝐶𝐶𝑦𝑦 − 𝑚𝑚1𝐶𝐶𝑥𝑥 − 𝑚𝑚2𝐶𝐶𝑦𝑦, 

 
𝑑𝑑𝐶𝐶𝑥𝑥
𝑑𝑑𝑑𝑑

= 𝐶𝐶𝑥𝑥0
𝑉𝑉
− 𝐶𝐶𝑥𝑥

𝑉𝑉
+ 𝑓𝑓𝑛𝑛1(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟𝑚𝑚𝑚𝑚𝑥𝑥)𝐶𝐶𝑥𝑥 − 𝛼𝛼1𝐶𝐶𝑥𝑥𝐶𝐶𝑦𝑦,                                                     (1) 

 
𝑑𝑑𝐶𝐶𝑦𝑦
𝑑𝑑𝑑𝑑

=
𝐶𝐶𝑦𝑦0
𝑉𝑉

−
𝐶𝐶𝑦𝑦
𝑉𝑉

+ 𝑓𝑓𝑛𝑛2(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟max )𝐶𝐶𝑦𝑦 − 𝛼𝛼2𝐶𝐶𝑥𝑥𝐶𝐶𝑦𝑦, 
 

where 𝐶𝐶𝑠𝑠 y 𝐶𝐶𝑥𝑥 𝑦𝑦 𝐶𝐶𝑦𝑦 are the concentration of substrate, which promote bacteria and pathogenic bacteria, respectively. 
Parameters of the system are: 𝑉𝑉 volume of system and 𝑓𝑓  is some function that represents the rate of bacterial growth  
[1-4].   

Parameters 𝑉𝑉, volume of bioreactor, 𝑌𝑌𝑠𝑠 𝑐𝑐⁄ 1
 and  𝑌𝑌𝑠𝑠 𝑐𝑐⁄ 2

 are the factors of performance of the substrate for both 
beneficial and pathogenic bacteria, respectively. The factors 𝐾𝐾𝑠𝑠, 𝑘𝑘, 𝑟𝑟𝑚𝑚á𝑥𝑥 and 𝑛𝑛 are parameters associated with the 
bacterial growth rates.  

If we consider that 𝐶𝐶𝑠𝑠, 𝐶𝐶𝑥𝑥, 𝐶𝐶𝑦𝑦, 𝐶𝐶𝑠𝑠0 ,  𝐶𝐶𝑥𝑥0  𝑦𝑦 𝐶𝐶𝑦𝑦0 are zero due to the intermittent operation and adds a bacterial natural 
death rate, the equations are converted in: 
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𝑑𝑑𝐶𝐶𝑠𝑠
𝑑𝑑𝑑𝑑

= −𝑌𝑌𝑠𝑠 𝑐𝑐⁄ 1
𝑓𝑓1𝑛𝑛(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟max)𝐶𝐶𝑥𝑥 − 𝑌𝑌𝑠𝑠 𝑐𝑐2� 𝑓𝑓2𝑛𝑛(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟max)𝐶𝐶𝑦𝑦 −𝑚𝑚1𝐶𝐶𝑥𝑥 − 𝑚𝑚2𝐶𝐶𝑦𝑦, 

 
𝑑𝑑𝐶𝐶𝑥𝑥
𝑑𝑑𝑑𝑑

= 𝑓𝑓𝑛𝑛1(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠 , 𝑟𝑟𝑚𝑚𝑚𝑚𝑥𝑥)𝐶𝐶𝑥𝑥 − 𝛼𝛼1𝐶𝐶𝑥𝑥 + 𝛽𝛽𝐶𝐶𝑥𝑥𝐶𝐶𝑦𝑦,                                                      (2) 
 

𝑑𝑑𝐶𝐶𝑦𝑦
𝑑𝑑𝑑𝑑

= 𝑓𝑓𝑛𝑛2(𝑘𝑘𝑠𝑠,𝐶𝐶𝑠𝑠, 𝑟𝑟𝑚𝑚𝑚𝑚𝑥𝑥)𝐶𝐶𝑦𝑦 − 𝛼𝛼2𝐶𝐶𝑦𝑦 − 𝛾𝛾𝐶𝐶𝑥𝑥𝐶𝐶𝑦𝑦, 
 
where parameter 𝛼𝛼𝑖𝑖 is associated with the influence of temperature on bacterial growth rates and parameters β y γ are 
associated with the natural death rates in flattering and pathogenic bacteria, respectively. Parameter 𝛼𝛼 is directly related 
to the temperature of the system and as it was discussed in the previous section, the increase in temperature decreases the 
population of pathogenic bacteria and benefits the increase of the population of thermophilic bacteria, the latter they are 
responsible for the decomposition of organic matter for the obtaining of the compost.  

Balance of energy. 
When there is no spatial in the system volume variations, and changes over time with respect to the product of the 

total pressure by volume (pv) are negligible, the energy balance, in the case where there are no phase change [1, 2, 5, 6]: 
 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= �̇�𝑄−�̇�𝑊𝑆𝑆−∑𝐹𝐹𝑜𝑜𝐶𝐶𝐶𝐶𝑖𝑖(𝑑𝑑−𝑑𝑑𝑜𝑜)+[−∆𝐻𝐻𝑟𝑟𝑥𝑥𝑟𝑟(𝑑𝑑)](−𝑟𝑟𝐴𝐴𝑉𝑉)
∑𝑁𝑁𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖

  .                                            (3)  

 
Equation (3) is applicable to a semi-continuous reactor and also a CSTR in unsteady-state operation [1, 2, 6, 7]. 
An intermittent reactor tends to be well mixed, so that it is possible to despise variations give the temperature and 

concentration of species. The balance of power for intermittent reactors is matching  ∑𝐹𝐹𝑜𝑜 to zero in the equation (3), to 
obtain [1, 6, 8]:  

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= �̇�𝑄−�̇�𝑊𝑆𝑆+[−∆𝐻𝐻𝑟𝑟𝑥𝑥𝑟𝑟(𝑑𝑑)](−𝑟𝑟𝐴𝐴𝑉𝑉)
∑𝑁𝑁𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖

 .                                                    (4) 

 
Often used intermittent reactors operating adiabatically to determine the reaction orders, activation energies and the 

specific rate of reaction for exothermic reactions, monitoring temperature against time paths for different initial 
conditions. For the operation of an intermittent reactor (𝐹𝐹𝑜𝑜 = 0) and when the work done by the stirrer is negligible  
��̇�𝑊𝑆𝑆 ≅ 0�, equation (4) can be written as follows [2, 5-9]: 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= [−∆𝐻𝐻𝑟𝑟𝑥𝑥𝑟𝑟(𝑑𝑑)](−𝑟𝑟𝐴𝐴𝑉𝑉)
∑𝑁𝑁𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖

                                                          (5) 

with:  
∑𝑁𝑁𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖 = ∆𝐶𝐶𝐶𝐶𝑖𝑖 ,                                               (6) 

 
where the sum of 𝑀𝑀𝑖𝑖 is the total mass and 𝐶𝐶𝑝𝑝�𝑖𝑖 is the heat capacity at constant pressure average of each species. In the case 
of an intermittent reactor, with a bacterial growth following the Monod equation, whereas encouraging bacteria and 
pathogenic bacteria, combining the equation 5 and the bacterial growth equation we obtain [1-4, 8, 10]: 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝜇𝜇𝑚𝑚á𝑥𝑥[𝐶𝐶𝑠𝑠]
𝑘𝑘𝜇𝜇+[𝐶𝐶𝑠𝑠]

𝑉𝑉𝐶𝐶𝑥𝑥
∆𝐻𝐻𝑟𝑟𝑥𝑥𝑟𝑟
∆𝐶𝐶𝑝𝑝�

+ 𝜇𝜇𝑚𝑚á𝑥𝑥[𝐶𝐶𝑠𝑠]
𝑘𝑘𝜇𝜇+[𝐶𝐶𝑠𝑠]

𝑉𝑉𝐶𝐶𝑦𝑦
∆𝐻𝐻𝑟𝑟𝑥𝑥𝑟𝑟
∆𝐶𝐶𝑝𝑝�

 ,                                (7) 

 

where 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

  is the temperature differential time representing each stage according to the temperature change during the 

time in which the process takes place, 𝐶𝐶𝐶𝐶� the average capacity at constant pressure of a kind used, 𝑉𝑉 is the total volume 
of the system and ∆𝐻𝐻𝑟𝑟𝑥𝑥𝑛𝑛 is the heat of reaction. 

Experimental methodology. 
1. It was built a composting system using an intermittent jacketed reactor of glass that allowed to install sensors with 

open system (Fig. 1a).  
2. It was selected the organic matter and it was placed inside the jacketed reactor, which was obtained from 

household waste (Fig. 1b and 1c). The organic matter was selected and weighed. 
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RESULTS 

 
Implemented the general equation of balance for both considering both the bacterial growth, such as intermittent 

operation, the model is transcribed and resolved to observe the quantitative and qualitative response to the Python 
programming language. A way of expressing the quantitative response is by means of graphs of numerical data that 
yielded the solution of the model, as shown in Figures 3 and 4. 

 
 

 
 
 
  
 
 
    
 
    

 
 
 
 
 
 
 
 
 
 
  

 
Figure 1. a. Jacketed glass reactor, b.  Weighing of the substrate and c. Reactor substrate 

 

a) b) c) 

Figure 2.a) connection of the sensors to Arduino card, b) location and tests of the sensors in the reactor, c) testing 
sensors and agitator and d) installed sensors 

Figure 3. Population of microorganisms. You can see 
the interaction between the population of beneficial 
bacteria (Cy) and the population of pathogenic bacteria 
(Cx) with respect to time. The parameters used were 
consulted in the literature 

Cx
, C

y 
[g

/d
] 

Time [d] 

Figure 4. Population of microorganisms. According to 
the dynamic that occurs during the time of conversion 
to humus the organic matter, the behavior among the 
population of beneficial bacteria (Cy) and the 
population of pathogenic bacteria (Cx) ranges, due to 
the conditions and the growth cycle microbial as shown 
in graph 2 
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] 

Time [d] 
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Monitoring. 
It can be compare the graphs of the results thrown by the Python software and with the data obtained from the 

monitoring plotted, as seen in the Figure 6. 
 

CONCLUTIONS 
 
1. Temperature is an important factor for the growth of thermophilic bacteria, which is responsible of the 

decomposition of organic matter in the compost.  
2. The temperature increase allows the decrease in the population of pathogenic bacteria in compost (which inhibit 

the composting process). 
3. The Monod model in combination with the 2 equations is a good approximation for understanding the dynamics 

of populations of bacteria in a composting process.  
4. It is necessary to introduce the effect of temperature and humidity in the mathematical model to explain in more 

detail the dynamics of the system.  
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Figure 5. Temperature. According to the characteristic 
phases of composting time, a temperature is reached 
maximum of 65 to 70°C to ensure the sanitation of the 
final product, this figure is observed such behavior, 
which was described with the energy balance 
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Figure  6. Temperature. This graph shows three days of 
monitoring, and you can appreciate the same way that 
threw the model 

Time [min] 

Te
m

pe
ra

tu
re

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


