Work Package 1 Partner 7, Annual Report 09/03 (T0+10)

1. Description of work. Carbon and nutrient removal. Universidad de la República, Uruguay 
Reported period: May 2003 – September 2003

1 Objectives 

The main objective during the first year was the design, construction, start-up and operation of the experimental set up.

The main work of the first period (until-May 2003) were the laboratory system and automatic system design, sensor selection, and sludge acclimatation and characterization.

For the present phase, the principal planned activities were receiving the shipments of the required equipment, finishing the construction of the reactors, setting up the instrumentation, start up of the laboratory reactors and collection of data for standard conditions. 

For the planned objectives, the purchase, construction and start up of the reactors was succefully attained. Since our laboratory didn’t have at the beginning of the project operating SBR reactors, a considerable effort was necessary to design and construct the systems.


2  Experimental set up and materials
2.1 Batch operation, sludge acclimatation 
During 130 days, a batch system was operated as follows: sludge was cultivated employing diluted milk as substrate, in  batch-mode operation, with  c =20 days , and the following objectives: 

a.-Ensure aviability of biologic sludge to carry out settleability essays and experiences to select mixing system , and b.-to generate a sludge adequately acclimated to the wastewater, to encourage growing of nitrifying bacteria, in order to minimize transitory periods during the SBR experiences.

The batch operation looked for the following specific operating conditions: a) a stable biomass concentration of  3 - 4 gVSS.l-1, b) maximum CODsoluble removal  efficiency, c) suitable sludge settleability   [SVI(1 h) < 150 ml/g].

Operating conditions:

· Batch cycle: 24 h
· Daily substrate addition (whole milk):  250 ml/d, resulting in  So  1700 mg COD /l.
· Denitrifying period: 30 min (after instantaneous feeding).

· Aeration period: 23.5 h

· Sludge purge of   mixed liquor (1/20 of liquid volume, to ensure c = 20 days)

· Constant liquid volume : 30 ±5 l (batch n°1) and 50 ±5 l (batch n°2)




 
2.2 Semi-automatic operation.

After sludge acclimatation, two identical laboratory reactors were constructed and operated under a semi-automatic mode. Construction followed the shown diagram:

i. Dimensions and operational parameters.
Final reactors characteristics are:

Table 1.-
	Max. Liquid volume
	20l

	Height
	60cm

	Width
	23 cm

	Aeration
	1.5 Hp, oil free reciprocating air compressor + perforated  (hole  =1 mn) inox arms 

	Mixing
	Recycling peristaltic pump + variable speed mechanical stirrer

	Temperature
	ambient air conditioning (set at 20°C)


Reactors operation had the following characteristics:

Table 2.-

	Feed
	Controlled peristaltic pump

	Draw
	Controlled peristaltic pump

	Purge
	Manual 

	Aeration
	Controlled compressor 

	Sampling
	Manual


Figures 1 and 2 show the reactors operating under semi-automatic mode.
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Figure 1 .- Reactor 1, dairy effluent
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ii. Operating conditions.
The reactors were inoculated at 19th August, with   3500 mg SSV.l-1 of sludge each from the batch reactor. They were operated 2 cycles per day, with 12 hours of total cycle duration. Cycle phases are shown in Figure 3.-


[image: image3]
Figure 3.- PA: feeding pump, PS: effluent discharge pump, SA aeration system, SM: recycle mixing system 

iii. Wastewaters characteristics.
According to the standard conditions established, Reactor 1 was operated with semi-synthetic water simulating a dairy processing plant effluent, with diluted milk and sodium nitrate, in order to obtain the conditions set in Mexico meeting, and reproduced in Table 3.-  . Reactor 2 was initially fed (during 30 days) with effluent from an anaerobic lagoon of a dairy processing plant. Due to changes in the plant activities, COD of this effluent is actually 500-700 mg.l-1instead of 1500-2000 mg.l-1. We decided to modify the composition of the input in Reactor 2, as the amount of  organic carbon was not enough for nutrient removal. The actual composition of Reactor 2 input effluent is: 75% output anaerobic lagoon, and 25% of semi-synthetic dairy effluent (Reactor 1 influent). The differences between conditions stated and actually employed are showed in Table 3.-




Table 3.- Change in standard conditions: blue: condition desired but not reached. Red: change with respect to Mexico (black: Mexico conditions)

	
	UU Reactor 1 
	UU Reactor 2

	Filling/Reaction

Ratio [%]
	4.5 (or 2.3)
	4.5

	Cin [mgCOD/l] 

C(t=0) 
	3,000

  
	1000-1400 (1500-2000)



	Type of compounds
	Synthetic dairy raw WW
	75% output anaerobic lagoon

25% synthetic raw WW (100% output anaerobic lagoon)

	X(t=0)  [mg/l]
	3000 – 4500
	3000 – 4500

	Volume loading rate [god/L-d]
	0.8
	0.6

	Mass loading rate [gCOD/gVSS-d]
	0.2-0.3
	0.1-0.2

	Total N-TKN [mg/L]
	150-200 (100)
	50-100 (150)

	NH4+ [mg/l]
	  Around 10
	40 -80

	COD/N-NTK
	30
	15-20  (10-17)

	O2       [lN/min.]
	10
	10

	pH   
	7-7.8 (7) measured
	8-8.5 (7)measured

	T      [°C]
	20  controlled
	20  controlled

	V(t=0)  [l]
	13 
	11 (11.5)

	V(t=tfin) [l]
	15
	15

	Total cycle time [h]: 
	12 or 24
	12

	SRT [days]
	20 
	20





iv. Data acquisition
During the first period of this phase, reactions were followed by off-line measurements, employing the following probes: NH4+, NO3-, DO, pH, and  T. Also, aeration flow rate was registered.

v. Analytical methods
Table 4 shows the electrodes employed and now connected in the recycling system (see Figure 1 and 2) . 

Table 4.- Probes characteristics

	Probe
	Meter
	Probe

	NH4+
	OAKTON pH/ion 2100
	Cole Palmer 27504-00

	NO3-
	OAKTON pH/ion 2100
	Cole Palmer 35802-31

	DO
	 YSI 5000
	non-stirring YSI  0551910

	pH
	OAKTON pH/ion 2100
	Cole Palmer industrial  probe 27009-11

	T
	--------
	Cole Palmer 35613-05


COD, total nitrogen and ammonia nitrogen, VSS, TSS, nitrite and  nitrate were analyzed employing the techniques reported in Table 5.- We analyzed the total influent (i), total  effluent (e), the centrifuged  reactor’s  mixed liquor (cml) and mixed liquor (ml).

Table 5.- Analytical methods

	
	Principle
	Ref.
	Sample

	VSS, TSS
	Gravimetric method 
	1
	i, e, cml

	COD
	Dichromate oxidation/espectrophotometric method
	1
	i, cml

	N-total
	Kjieldhal digester/titration method
	1
	i, cml

	N-NH3
	Titration method
	1
	i, cml

	N-NO3-, N-NO2-
	HPLC 
	2
	i, cml

	IVL
	Imhoff cone
	1
	ml


1.- Standard Methods (APHA-AWWA-WPCF, 1995). 

2.- Column IC-pakA , detector UV ( 210 nm), Mobile phase: K2HPO4/ KH2PO4. Oven Temperature 35°C, flow rate= 1.2 ml.min-1 


2.3 Automatic Control System

From now on, the reactors will be operated in full automatic mode.  The automatic operation of both reactors is performed by an “industrial control” system type. It was developed to accomplish several objectives:
· Robustness.

· Dependability.

· Flexibility of operation,specially for system start up.

· Easy operation.

· Ability to be used in future tasks. Eg.: control algorithms testing.

· Following industrial standards in order to be closer to a final application.


Figure 4.  Control System general scheme.

Its general scheme is shown in Figure 4. The data acquisition, historical management, alarms, reports and operator interface is carried out by an SCADA system. It was implemented as an Intellution FIX ® application. 

A typical operator screen is shown in Figure 5.-

The real time process control is done by an ABB PLC based system. Finally, the physical devices: pumps, valves, motors, etc. are driven by AC relays in order to buffer the PLC.
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Figure 5.- Operator screen


3 Results and Discussion

3.1 Batch operation, sludge acclimatation 
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Figure 6.- DO profile in a batch cycle
Figure 7.- Solid evolution with desired limits

During batch acclimatation, COD removal efficiency was  around 60%, SVI ranged between 30 and 270 ml.g-1. Settleability was unstable during this operation and  foam formation   was observed.  Undesirable observed SVI values could be due to the high organic load derived from the feeding regime (instantaneous). This condition, in addition to short anoxic periods  (30 min.d-1), could contribute to the observation of  undesirable nematode growing. 

3.2 SBR Semi-automatic operation

In SBR operation, SVI  reached acceptable values soon. Even when steady state was not observed yet, cyclic variation was verified, and removal efficiencies and results obtained are described in Table 6 (Nt =N-organic + N-NH3+N-NO2+ N-NO3)

Table 6.- semi automatic operation removal efficiencies

	
	Reactor 1
	Reactor 2

	COD removal efficiency

(CODinf.-COD effl)
	90% (88%-95%)
	75% (61%-85%)

	Nt removal efficiency 

(Ntinf-Nteffl)
	84% 
	49%*



* N removal efficiency is increasing. Reported value corresponds to September 25-30 

Reactor 1: Nitrogen input in Reactor 1 is mainly organic nitrogen (around 100 ppm), and some nitrate (around 30 ppm). Nitrite and nitrate values for Reactor 1 were always lower than 5 mg.l-1 during all the cycle. Denitrification is verified in this reactor, but nitrification process is not been taking place. This could be due to an important  nitrogen consumption in heterotrophic biomass growth, according with the high C/N ratio. SVI of this reactor is actually 140 ml-g-1, and biomass concentration is stable, between 4 and 4.9 gVSS.l-1.

Reactor 2: In this case, N in the influent is mainly ammonia nitrogen, with lower contribution of organic N and nitrate, and lower C/N relation. During feeding, an increase in ammonia concentration is verified, due to the N-NH3 input, and during aeration phase N-NH3 decrease, and NO3- concentration increases, due to nitrification process. Also, nitrite values at the end of  consecutive cycles are decreasing, probably due to  growing  of the corresponding microorganisms. During anoxic period, NO3 - concentration is reduced, but not exhausted, as  N-NO3-(final, denitrification) > 20 mg/L and during the anoxic phase, nitrate removal efficiency is  around 40-50%. A better denitrifying efficiency is expected for this reactor. SVI in this reactor is 25 ml-g-1, and  biomass concentration is increasing, and present value (September 30th) is X= 2.1 gVSS.l-1. We expect to reach 3-4 gVSS.l-1.  

4 Selection of   mixed liquor  COD  technique for model evaluation

The present model proposed in México assumes that organic substrate is characterized by COD parameter, and  doesn’t distinguish between soluble or particulate organic matter. The calibration of such model needs an experimental method that can follow the COD of all the organic substrate present at any time, in the SBR reactor. Also, a sample taken from the reactor mixed liquor contents sludge, and the laboratory technique needs to quantitatively separate the sludge from all the organic matter present. The separation methods currently employed are centrifugation or filtration. The selected method should retain the maximum amount of sludge, and allow all the substrate to remain in liquid phase (supernatant or filtrate).

Methods

We selected 3 methods to compare results: after a screening of different centrifuging conditions, we selected one and named Method A (centrifuging speed 800 rpm, 10 min).  Method B  and C were filtering trough 2 different pore-size filters (GF/C filter and prefilter). 

Synthetic effluents described in Mexico were reproduced, and diluted whey was employed to simulate Narbonne effluent, from a cheese processing plant. Also, urban sewage effluent was obtained from Montevideo Wastewater Treatment Plant and adjusted to the COD conditions for Polimi described in Mexico. 

Results and Conclusions

The selected methods were employed to evaluate the difference between total and “soluble” COD with 1) wastewater only, and 2) sludge only.

1) Wastewater evaluation. After comparing total (CODT) and “soluble” effluent COD (CODA, CODB, CODC), the best method was Method A. The results show that for any effluent  CODA ≥ 0.9 CODT. 

2) Sludge evaluation. The 3 methods were tested with sludge from our laboratory reactors. “Soluble” COD from sludge should be minimum.  Method A also presented the minimum amount of “soluble” COD.

The selected method was centrifuging at 800 rpm for 10 minutes. It is expected that with this method, at least 90% of the organic matter is accounted in any case. The followed procedure for  these experiments  started by simulating other partners influent. It would be preferable to reproduce these experiments in each partner’s location. We have to ensure that this is enough for  model calibration.

5 Conclusions and perspectives

The present period was employed in construction, instrumentation and start up of two laboratory scale reactors. Steady state was not reached yet, but the systems are reducing parameter variations and a soon stabilization is expected.   

For the next period, we hope to reach standard conditions, and acquire the corresponding data, as soon as data corresponding with different experiments agreed.

6 Final comments

We suggest that  discussion about  some aspects related with the following topics could be useful:

· Nitrifying activity tests: following the laboratory technique, we observed variations between activity results employing different stirring velocities and with successive addition of substrate.  

· Oxygen mass transfer coefficient could vary during the SBR cycle, with changes in reactor matrix, specially surface tension and ion strength. Variations of 15% in this parameter were reported in some cases (1). Is this enough for  model  calibration?, How variable is kla for each case?

(1) Sundararajan, A. and Ju L.(1995) Wat. Env. Res. V 67(5) (848-854). Biological oxygen transfer enhancement in wastewater treatment systems
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Datos crudos

		

		Día		P0		P1		P2		Vol(mL)		SST (mg/L)		SSV (mg/L)		f(SSV/SST)		V(máx,mL,IVL)		V(lodo,mL,IVL)		IVL (ml/g)

		5/12/03		38.6409		38.7067				50		1316		0		0.00						0.0

		5/13/03		38.6418		38.7214				50		1592		0		0.00						0.0

		5/14/03		38.6438		38.7521				50		2166		0		0.00						0.0

		5/15/03		38.6429		38.7582				50		2306		0		0.00						0.0

		5/20/03		38.6446		38.8045		38.6507		50		3198		3076		0.96						0.0

		5/21/03		44.3899		44.5699		44.4051		50		3600		3296		0.92						0.0

		5/22/03		38.6434		38.8270		38.6547		50		3672		3446		0.94		700		80		31.1

		5/23/03		44.3941		44.5755		44.4083		50		3628		3344		0.92		575		100		47.9

		5/26/03		38.6439		38.8573		38.6604		50		4268		3938		0.92		665		160		56.4

		5/27/03		44.3948		44.6217		44.4134		50		4538		4166		0.92		760		250		72.5

		5/28/03		38.6433		38.8654		38.6561		50		4442		4186		0.94		580		165		64.0

		5/29/03		44.3965		44.6223		44.4086		50		4516		4274		0.95		720		280		86.1

		5/30/03		17.3746		17.6108		17.3909		50		4724		4398		0.93		620		275		93.9

		6/2/03		44.3986		44.6334		44.4158		50		4696		4352		0.93		900		580		137.2

		6/3/03		38.6475		38.8620		38.6633		50		4290		3974		0.93		640		330		120.2

		6/4/03		44.3958		44.6150		44.4160		50		4384		3980		0.91		685		650		216.4

		6/5/03		38.6501		38.8645		38.6636		50		4288		4018		0.94		680		680		233.2

		6/6/03		44.3999		44.6020				50		4042		0		0.00		840		830		244.5

		7/2/03		44.3977		44.5564				50		3174		0		0.00		1000		1000		315.1

		7/7/03		18.6368		18.8510				50		4284		0		0.00		990		975		229.9

		7/14/03		44.4004		44.6020		44.4147		50		4032		3746		0.93		975		90		22.9

		7/15/03		17.3805		17.5709		17.3942		50		3808		3534		0.93		990		140		37.1

		7/16/03		17.3805		17.5709		17.3942		50		3808		3534		0.93		1020		200		51.5

		7/21/03		44.4020		44.5625		44.4163		50		3210		2924		0.91		1000		190		59.2

		7/22/03		17.4477		17.5976		17.4623		50		2998		2706		0.90		1000		190		63.4

		7/23/03		44.4066		44.5566		44.4203		50		3000		2726		0.91		1000		200		66.7

		7/25/03		44.4084		44.5448		44.4225		50		2728		2446		0.90		1000		220		80.6

		7/28/03		38.5465		38.6681		38.5628		50		2432		2106		0.87		1000		380		156.2

		7/29/03		38.6466		38.7996		38.6602		50		3060		2788		0.91		1000		470		153.6

		7/30/03		38.5546		38.7060		38.5689		50		3028		2742		0.91		1000		520		171.7

		7/31/03		38.6497		38.8217		38.6666		50		3440		3102		0.90		1000		600		174.4

		8/1/03		17.3831		17.5535		17.3997		50		3408		3076		0.90		1000		890		261.2

		8/4/03		38.5559		38.7510		38.5764		50		3902		3492		0.89		1000		1000		256.3

		8/5/03		44.4103		44.6236		44.4320		50		4266		3832		0.90		1000		980		229.7

		8/6/03		38.6507		38.8597		38.6730		50		4180		3734		0.89		1000		980		234.4

		8/7/03		38.5548		38.7748		38.5771		50		4400		3954		0.90		1000		980		222.7

		8/8/03		38.5548		38.7748		38.5771		50		4400		3954		0.90		1000		980		222.7

		8/11/03		44.4121		44.5264		44.4243		25		4572		4084		0.89		1000		985		215.4

		8/12/03		17.3839		17.4868		17.3945		25		4116		3692		0.90		1000		985		239.3

		8/13/03		20.3086		20.4018				25		3728		0		0.00		1000		980		262.9

		8/14/03										0		0		0.00						0.0

		8/15/03										0		0		0.00						0.0

		8/16/03										0		0		0.00						0.0

		8/17/03										0		0		0.00						0.0

		8/18/03										0		0		0.00						0.0

		8/19/03										0		0		0.00						0.0

		8/20/03										0		0		0.00						0.0



aferrari:
Luego de Aproximadamente 1 h de sedimentación

aferrari:
Es una estimación de este paràmetro, asumiendo que sedimenta toda la biomasa en suspensión



Medidas de SST

		Día		SST (mg/L)		SSV (mg/L)		f(SSV/SST)		SSV(mín,mg/L)		SSV(máx,mg/L)

		5/12/03		1316		0		0.00		3000		4000

		5/13/03		1592		0		0.00		3000		4000

		5/14/03		2166		0		0.00		3000		4000

		5/15/03		2306		0		0.00		3000		4000

		5/20/03		3198		3076		0.96		3000		4000

		5/21/03		3600		3296		0.92		3000		4000

		5/22/03		3672		3446		0.94		3000		4000

		5/23/03		3628		3344		0.92		3000		4000

		5/26/03		4268		3938		0.92		3000		4000

		5/27/03		4538		4166		0.92		3000		4000

		5/28/03		4442		4186		0.94		3000		4000

		5/29/03		4516		4274		0.95		3000		4000

		5/30/03		4724		4398		0.93		3000		4000

		6/2/03		4696		4352		0.93		3000		4000

		6/3/03		4290		3974		0.93		3000		4000

		6/4/03		4384		3980		0.91		3000		4000

		6/5/03		4288		4018		0.94		3000		4000

		6/6/03		4042		0		0.00		3000		4000

		7/2/03		3174		0		0.00		3000		4000

		7/7/03		4284		0		0.00		3000		4000

		7/14/03		4032		3746		0.93		3000		4000

		7/15/03		3808		3534		0.93		3000		4000

		7/16/03		3808		3534		0.93		3000		4000

		7/21/03		3210		2924		0.91		3000		4000

		7/22/03		2998		2706		0.90		3000		4000

		7/23/03		3000		2726		0.91		3000		4000

		7/25/03		2728		2446		0.90		3000		4000

		7/28/03		2432		2106		0.87		3000		4000

		7/29/03		3060		2788		0.91		3000		4000

		7/30/03		3028		2742		0.91		3000		4000

		7/31/03		3440		3102		0.90		3000		4000

		8/1/03		3408		3076		0.90		3000		4000

		8/4/03		3902		3492		0.89		3000		4000

		8/5/03		4266		3832		0.90		3000		4000

		8/6/03		4180		3734		0.89		3000		4000

		8/7/03		4400		3954		0.90		3000		4000

		8/8/03		4400		3954		0.90		3000		4000

		8/11/03		4572		4084		0.89		3000		4000

		8/12/03		4116		3692		0.90		3000		4000

		8/13/03		3728		0		0.00		3000		4000

		8/14/03		0		0		0.00		3000		4000

		8/15/03		0		0		0.00		3000		4000

		8/16/03		0		0		0.00

		8/17/03		0		0		0.00

		8/18/03		0		0		0.00

		8/19/03		0		0		0.00

		8/20/03		0		0		0.00





Medidas de SST
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SST (Batch previo)
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Medidas de OD
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TSS (Batch nº 1)

VSS (Batch nº1)
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DQO

		

		Día		IVL (ml/g)		Xs(mgSSV/L)		fs=Xs/X		IVL (máx,ml/g)

		5/22/03		31.1		30153		8.8		150

		5/23/03		47.9		19228		5.8		150

		5/26/03		56.4		16367		4.2		150

		5/27/03		72.5		12665		3.0		150

		5/28/03		64.0		14714		3.5		150

		5/29/03		86.1		10990		2.6		150

		5/30/03		93.9		9915		2.3		150

		6/2/03		137.2		6753		1.6		150

		6/3/03		120.2		7707		1.9		150

		6/4/03		216.4		4194		1.1		150

		6/5/03		233.2		4018		1.0		150

		6/6/03		244.5		0		0.0		150

		7/2/03		315.1		0		0.0		150

		7/7/03		229.9		0		0.0		150

		7/14/03		22.9		40582		10.8		150

		7/15/03		37.1		24990		7.1		150

		7/16/03		51.5		18023		5.1		150

		7/21/03		59.2		15389		5.3		150

		7/22/03		63.4		14242		5.3		150

		7/23/03		66.7		13630		5.0		150

		7/25/03		80.6		11118		4.5		150

		7/28/03		156.2		5542		2.6		150

		7/29/03		153.6		5932		2.1		150

		7/30/03		171.7		5273		1.9		150

		7/31/03		174.4		5170		1.7		150

		8/1/03		261.2		3456		1.1		150

		8/4/03		256.3		3492		1.0		150

		8/5/03		229.7		3910		1.0		150

		8/6/03		234.4		3810		1.0		150

		8/7/03		222.7		4035		1.0		150

		8/8/03		222.7		4035		1.0		150

		8/11/03		215.4		4146		1.0		150

		8/12/03		239.3		3748		1.0		150

		8/13/03		262.9		0		0.0		150

		8/14/03		0.0		0		0.0		150
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Medidas de VCO
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		Tiempo (seg.)		OD (mg/L) Fin de Ciclo		OD (mg/L) Comienzo de Ciclo

		0		8.30		8.99

		15		8.22		6.13

		30		7.92		4.48

		45		7.72		3.99

		60		7.64		3.95

		75		7.54		3.98

		90		4.46		4.03

		105		7.57		4.01

		120		7.76		4.01
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Fin de Ciclo

Arranque de Ciclo

Tiempo (s)

OD (mg/L)

Evolución de OD en muestras
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										DQO 2/6 Procesadas el 5/6

				Muestras

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										1		Solución 1		1		0.798		1932

		Nº		Hora		Caracteristicas				2		Solución 1 a la mitad		2		0.919		2223

		1		8:45		Antes de alimentar				3		Solución 2		1		0.470		1142

		2		8:50		Recien alimentado				4		Solución 2 al decimo		10		0.122		304		3043

		3		9:20		Luego de desnitrificar				5		Solución 3		1		0.636		1542

		4		10:20		Avance				6		Solución 3 a la mitad		2		0.400		974		1947

		5		11:20		Avance				7		Solución 4		1		0.566		1373

		6		12:35		Avance				8		Solución 4 a la mitad		2		0.400		974		1947

										9		Solución 5		1		0.600		1455

										10		Solución 5 a la mitad		2		0.394		959		1918

										11		Solución 6		1		0.500		1214

										12		Solución 6 a la mitad		2		0.450		1094

										13		Blanco		1		0.000		11		0

										So		1441.6666666667

										%		65.3179190751

										Ensayo de DQO		Viernes 6/6

										1		Solución al decimo		10		0.003		18		178		122

										1		Solución al decimo		10		-0.001		8		82

										1		Solución al decimo		10		0.000		11		106

										2		Solución a la mitad		2		0.074		189		378		386

										2		Solución a la mitad		2		0.079		201		402

										2		Solución a la mitad		2		0.074		189		378

										3		Solución		1		0.169		417		417		434

										3		Solución		1		0.176		434		434

										3		Solución		1		0.183		451		451

										Ensayo de DQO		Lunes 9/6

												11		1		0.233		572		572

														1		0.235		576		576

														1		0.234		574		574

																		Promedio		574

												12		1		0.247		605		605

														1		0.263		644		644

														1		0.249		610		610

														1		0.256		627		627

																		Promedio		622

												1/2 1		2		0.115		287		575

														2		0.124		309		618

														2		0.121		302		604

																		Promedio		599

												1/2 2		2		0.135		336		671

														2		0.135		336		671

																		Promedio		671

												1/3 1		3		0.089		225		675

														3		0.093		235		704

																		Promedio		689

												1/3 2		3		0.087		220		660

														3		0.089		225		675

																		Promedio		667

												Solución 1		621

												Solución 2		653

										Ensayos de DQO 7/7/03

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										1		Muestra de fin de ciclo		1		0.268		656		656

										2		Muestra de fin de ciclo		0.4		0.102		252		630

										3		Muestra de fin de ciclo		0.2		0.063		156		778

										4		Muestra de inicio de ciclo		1		0.468		1140		0

										5		Muestra de inicio de ciclo		0.4		0.212		518		1295

										6		Muestra de inicio de ciclo		0.2		0.105		259		1293

										Remoción de sustrato (DQO soluble)		46.8%

										Ensayos de DQO 14/7/03

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										1		Muestra de fin de ciclo		0.4		0.104		256		640

										1		Muestra de fin de ciclo		0.4		0.102		251		628

										1		Muestra de fin de ciclo		0.4		0.115		283		707

										2		Muestra de fin de ciclo		0.8		0.259		633		791

										2		Muestra de fin de ciclo		0.8		0.258		631		788

										2		Muestra de fin de ciclo		0.8		0.258		631		788

										Ensayos de DQO 5/8/03

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										F1		Muestra de fin de ciclo		1		0.086		212		212

										F2		Muestra de fin de ciclo		0.5		0.055		137		274

										CD1		Muestra arranque desnitrificación		0.5		0.150		368		736

										CD2		Muestra arranque desnitrificación		0.32		0.109		268		838

										CA1		Muestra fin desnitrificación		0.5		0.137		336		673

										CA2		Muestra fin desnitrificación		0.32		0.085		210		656





		Fecha		7/7/03

		Instante		Fin de ciclo

		Tiempo				OD (mg/L)

		(s)		Réplica 1		Réplica 2		Réplica 3		Promedio

		0		9.08		9.07		9.34		9.16

		10		7.61		7.68		8.24		7.84

		20		7.44		7.46		7.66		7.52

		30		7.56		7.42		7.65		7.54

		40		7.49		7.42		7.59		7.50

		50		7.63		7.45		7.58		7.55

		60		7.64		7.47		7.57		7.56

		70		7.62		7.48		7.54		7.55

		80		7.61		7.48		7.49		7.53

		90		7.56		7.44		7.42		7.47

		100		7.57		7.42		7.41		7.47

		Tiempo (s)		VCO (mg/L,h)

		5		475.2

		15		116.4

		25		0.0

		35		15.6

		45		0.0

		55		0.0

		65		4.8

		75		7.2

		85		19.2

		95		2.4

		Fecha		7/7/03

		Instante		Arranque de ciclo

		Tiempo						OD (mg/L)

		(s)		t = 0		t = 5 min		t = 10 min		t = 15 min		t = 20 min

		0		8.50		8.80		9.11		9.06		9.11

		10		6.80		5.50		3.05		1.33		2.07

		20		6.50		4.40		1.50		0.37		0.52

		30		6.40		4.20		1.23		0.26		0.30

		40		6.20		4.12		1.11		0.23		0.23

		50		6.00		3.89		0.89		0.21		0.22

		60		5.87		3.81		0.74		0.21		0.21

		70		5.70		3.66		0.59		0.20		0.20

		80		5.53		3.47		0.44		0.20		0.20

		90		5.39		3.34		0.30		0.20		0.20

		Tiempo						VCO (mg/L.h)

		(s)		t = 0		t = 5 min		t = 10 min		t = 15 min		t = 20 min

		5		612.0		1188.0		2181.6		2782.8		2534.4

		15		108.0		396.0		558.0		345.6		558.0

		25		36.0		72.0		97.2		39.6		79.2

		35		72.0		28.8		43.2		10.8		25.2

		45		72.0		82.8		79.2		7.2		3.6

		55		46.8		28.8		54.0		0.0		3.6

		65		61.2		54.0		54.0		3.6		3.6

		75		61.2		68.4		54.0		0.0		0.0

		85		50.4		46.8		50.4		0.0		0.0

		Medida		O.D (mg/L)

		Tiempo												Hora		(5/8/03)																								Hora		(6/8/03)

		(s)		12:00		12:30		12:35		12:40		12:45		12:50		13:10		13:20		13:30		13:50		14:20		15:10		15:40		16:30		17:50		19:10		10:10		10:40		11:40		13:25		14:35		17:15

		Acumulado		0.00		0.50		0.58		0.67		0.75		0.83		1.17		1.33		1.50		1.83		4.33		3.17		3.67		4.50		5.83		9.17		22.17

		0		8.91		8.45		8.88		8.81		8.73		9.01		8.74		8.53		8.59		8.11		8.71		8.69		8.54		8.77		8.99		8.45		8.86		8.94		8.46		7.40		8.18		8.09

		10		7.02		1.07		1.78		1.09		2.04		1.83		1.17		1.36		1.32		0.95		1.98		1.89		2.03		1.79		5.90		6.95		8.05		2.08		1.56		1.83		1.60		6.37

		20		6.80		0.28		0.30		0.34		0.30		0.32		0.32		0.36		0.34		0.30		0.44		0.29		0.34		0.37		5.49		6.27		7.86		0.44		0.39		0.33		0.35		5.60

		30		6.72		0.22		0.23		0.22		0.22		0.21		0.23		0.24		0.23		0.23		0.23		0.23		0.24		0.23		5.34		6.18		7.81		0.25		0.23		0.22		0.21		5.53

		40		6.66		0.20		0.20		0.20		0.20		0.19		0.21		0.20		0.20		0.21		0.20		0.20		0.21		0.20		5.19		6.07		7.76		0.21		0.20		0.21		0.19		5.46

		50		6.59		0.19		0.20		0.19		0.18		0.18		0.19		0.19		0.19		0.19		0.19		0.19		0.20		0.19		5.07		5.99		7.69		0.20		0.19		0.20		0.18		5.36

		60		6.54		0.19		0.20		0.18		0.18		0.17		0.18		0.18		0.18		0.18		0.18		0.18		0.19		0.18		4.94		5.87		7.65		0.20		0.19		0.19		0.18		5.29

		70		6.49		0.16		0.19		0.18		0.17		0.17		0.18		0.18		0.18		0.18		0.18		0.18		0.18		0.17		4.82		5.79		7.61		0.19		0.18		0.19		0.17		5.20

		Medida		O.D (mg/L)

		Tiempo

		(s)		12:20		13:30		15:40		12:40

		0

		10		1.94		6.24		6.28

		20		0.73		2.32		6.23

		30		0.51		1.87		6.18

		40		0.40		1.66		6.13

		50		0.34		1.55		6.07

		60		0.31		1.45		6.02

		70		0.30		1.29		5.95

		80		0.30		1.29		5.88

		90		0.30		1.29		5.85

		100		0.30		1.29		5.79





		0		0		0		0		0		0

		10		10		10		10		10		10

		20		20		20		20		20		20

		30		30		30		30		30		30

		40		40		40		40		40		40

		50		50		50		50		50		50

		60		60		60		60		60		60

		70		70		70		70		70		70

		80		80		80		80		80		80

		90		90		90		90		90		90

		100



Fin de ciclo
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Fin de ciclo
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Alimentación de sustrato
(comienzo de ciclo)
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Datos crudos

		

		Día		P0		P1		P2		Vol(mL)		SST (mg/L)		SSV (mg/L)		f(SSV/SST)		V(máx,mL,IVL)		V(lodo,mL,IVL)		IVL (ml/g)

		5/12/03		38.6409		38.7067				50		1316		0		0.00						0.0

		5/13/03		38.6418		38.7214				50		1592		0		0.00						0.0

		5/14/03		38.6438		38.7521				50		2166		0		0.00						0.0

		5/15/03		38.6429		38.7582				50		2306		0		0.00						0.0

		5/20/03		38.6446		38.8045		38.6507		50		3198		3076		0.96						0.0

		5/21/03		44.3899		44.5699		44.4051		50		3600		3296		0.92						0.0

		5/22/03		38.6434		38.8270		38.6547		50		3672		3446		0.94		700		80		31.1

		5/23/03		44.3941		44.5755		44.4083		50		3628		3344		0.92		575		100		47.9

		5/26/03		38.6439		38.8573		38.6604		50		4268		3938		0.92		665		160		56.4

		5/27/03		44.3948		44.6217		44.4134		50		4538		4166		0.92		760		250		72.5

		5/28/03		38.6433		38.8654		38.6561		50		4442		4186		0.94		580		165		64.0

		5/29/03		44.3965		44.6223		44.4086		50		4516		4274		0.95		720		280		86.1

		5/30/03		17.3746		17.6108		17.3909		50		4724		4398		0.93		620		275		93.9

		6/2/03		44.3986		44.6334		44.4158		50		4696		4352		0.93		900		580		137.2

		6/3/03		38.6475		38.8620		38.6633		50		4290		3974		0.93		640		330		120.2

		6/4/03		44.3958		44.6150		44.4160		50		4384		3980		0.91		685		650		216.4

		6/5/03		38.6501		38.8645		38.6636		50		4288		4018		0.94		680		680		233.2

		6/6/03		44.3999		44.6020				50		4042		0		0.00		840		830		244.5

		7/2/03		44.3977		44.5564				50		3174		0		0.00		1000		1000		315.1

		7/7/03		18.6368		18.8510				50		4284		0		0.00		990		975		229.9

		7/14/03		44.4004		44.6020		44.4147		50		4032		3746		0.93		975		90		22.9

		7/15/03		17.3805		17.5709		17.3942		50		3808		3534		0.93		990		140		37.1

		7/16/03		17.3805		17.5709		17.3942		50		3808		3534		0.93		1020		200		51.5

		7/21/03		44.4020		44.5625		44.4163		50		3210		2924		0.91		1000		190		59.2

		7/22/03		17.4477		17.5976		17.4623		50		2998		2706		0.90		1000		190		63.4

		7/23/03		44.4066		44.5566		44.4203		50		3000		2726		0.91		1000		200		66.7

		7/25/03		44.4084		44.5448		44.4225		50		2728		2446		0.90		1000		220		80.6

		7/28/03		38.5465		38.6681		38.5628		50		2432		2106		0.87		1000		380		156.2

		7/29/03		38.6466		38.7996		38.6602		50		3060		2788		0.91		1000		470		153.6

		7/30/03		38.5546		38.7060		38.5689		50		3028		2742		0.91		1000		520		171.7

		7/31/03		38.6497		38.8217		38.6666		50		3440		3102		0.90		1000		600		174.4

		8/1/03		17.3831		17.5535		17.3997		50		3408		3076		0.90		1000		890		261.2

		8/4/03		38.5559		38.7510		38.5764		50		3902		3492		0.89		1000		1000		256.3

		8/5/03		44.4103		44.6236		44.4320		50		4266		3832		0.90		1000		980		229.7

		8/6/03		38.6507		38.8597		38.6730		50		4180		3734		0.89		1000		980		234.4

		8/7/03		38.5548		38.7748		38.5771		50		4400		3954		0.90		1000		980		222.7

		8/8/03		38.5548		38.7748		38.5771		50		4400		3954		0.90		1000		980		222.7

		8/11/03		44.4121		44.5264		44.4243		25		4572		4084		0.89		1000		985		215.4

		8/12/03		17.3839		17.4868		17.3945		25		4116		3692		0.90		1000		985		239.3

		8/13/03		20.3086		20.4018				25		3728		0		0.00		1000		980		262.9

		8/14/03										0		0		0.00						0.0

		8/15/03										0		0		0.00						0.0

		8/16/03										0		0		0.00						0.0

		8/17/03										0		0		0.00						0.0

		8/18/03										0		0		0.00						0.0

		8/19/03										0		0		0.00						0.0

		8/20/03										0		0		0.00						0.0



aferrari:
Luego de Aproximadamente 1 h de sedimentación

aferrari:
Es una estimación de este paràmetro, asumiendo que sedimenta toda la biomasa en suspensión



Medidas de SST

		Día		SST (mg/L)		SSV (mg/L)		f(SSV/SST)		SSV(mín,mg/L)		SSV(máx,mg/L)

		5/12/03		1316		0		0.00		3000		4000

		5/13/03		1592		0		0.00		3000		4000

		5/14/03		2166		0		0.00		3000		4000

		5/15/03		2306		0		0.00		3000		4000

		5/20/03		3198		3076		0.96		3000		4000

		5/21/03		3600		3296		0.92		3000		4000

		5/22/03		3672		3446		0.94		3000		4000

		5/23/03		3628		3344		0.92		3000		4000

		5/26/03		4268		3938		0.92		3000		4000

		5/27/03		4538		4166		0.92		3000		4000

		5/28/03		4442		4186		0.94		3000		4000

		5/29/03		4516		4274		0.95		3000		4000

		5/30/03		4724		4398		0.93		3000		4000

		6/2/03		4696		4352		0.93		3000		4000

		6/3/03		4290		3974		0.93		3000		4000

		6/4/03		4384		3980		0.91		3000		4000

		6/5/03		4288		4018		0.94		3000		4000

		6/6/03		4042		0		0.00		3000		4000

		7/2/03		3174		0		0.00		3000		4000

		7/7/03		4284		0		0.00		3000		4000

		7/14/03		4032		3746		0.93		3000		4000

		7/15/03		3808		3534		0.93		3000		4000

		7/16/03		3808		3534		0.93		3000		4000

		7/21/03		3210		2924		0.91		3000		4000

		7/22/03		2998		2706		0.90		3000		4000

		7/23/03		3000		2726		0.91		3000		4000

		7/25/03		2728		2446		0.90		3000		4000

		7/28/03		2432		2106		0.87		3000		4000

		7/29/03		3060		2788		0.91		3000		4000

		7/30/03		3028		2742		0.91		3000		4000

		7/31/03		3440		3102		0.90		3000		4000

		8/1/03		3408		3076		0.90		3000		4000

		8/4/03		3902		3492		0.89		3000		4000

		8/5/03		4266		3832		0.90		3000		4000

		8/6/03		4180		3734		0.89		3000		4000

		8/7/03		4400		3954		0.90		3000		4000

		8/8/03		4400		3954		0.90		3000		4000

		8/11/03		4572		4084		0.89		3000		4000

		8/12/03		4116		3692		0.90		3000		4000

		8/13/03		3728		0		0.00		3000		4000

		8/14/03		0		0		0.00		3000		4000

		8/15/03		0		0		0.00		3000		4000

		8/16/03		0		0		0.00

		8/17/03		0		0		0.00

		8/18/03		0		0		0.00

		8/19/03		0		0		0.00

		8/20/03		0		0		0.00
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SST (Batch previo)

SSV (Batch previo)
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SSV (Batch actual)
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Medidas de OD

		0		0		0		0		0		0

		0		0		0		0		0		0
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TSS (Batch nº 1)

VSS (Batch nº1)

TSS (Batch nº2)

VSS (Batch nº2)

Lower VSS límit

Upper VSS limit
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mg/L
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DQO

		

		Día		IVL (ml/g)		Xs(mgSSV/L)		fs=Xs/X		IVL (máx,ml/g)

		5/22/03		31.1		30153		8.8		150

		5/23/03		47.9		19228		5.8		150

		5/26/03		56.4		16367		4.2		150

		5/27/03		72.5		12665		3.0		150

		5/28/03		64.0		14714		3.5		150

		5/29/03		86.1		10990		2.6		150

		5/30/03		93.9		9915		2.3		150

		6/2/03		137.2		6753		1.6		150

		6/3/03		120.2		7707		1.9		150

		6/4/03		216.4		4194		1.1		150

		6/5/03		233.2		4018		1.0		150

		6/6/03		244.5		0		0.0		150

		7/2/03		315.1		0		0.0		150

		7/7/03		229.9		0		0.0		150

		7/14/03		22.9		40582		10.8		150

		7/15/03		37.1		24990		7.1		150

		7/16/03		51.5		18023		5.1		150

		7/21/03		59.2		15389		5.3		150

		7/22/03		63.4		14242		5.3		150

		7/23/03		66.7		13630		5.0		150

		7/25/03		80.6		11118		4.5		150

		7/28/03		156.2		5542		2.6		150

		7/29/03		153.6		5932		2.1		150

		7/30/03		171.7		5273		1.9		150

		7/31/03		174.4		5170		1.7		150

		8/1/03		261.2		3456		1.1		150

		8/4/03		256.3		3492		1.0		150

		8/5/03		229.7		3910		1.0		150

		8/6/03		234.4		3810		1.0		150

		8/7/03		222.7		4035		1.0		150

		8/8/03		222.7		4035		1.0		150

		8/11/03		215.4		4146		1.0		150

		8/12/03		239.3		3748		1.0		150

		8/13/03		262.9		0		0.0		150

		8/14/03		0.0		0		0.0		150
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Batch previo

Batch actual

Límite superior

Tiempo

IVL (ml/g)

Evolución de IVL
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Medidas de VCO

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

				0

				0

				0

				0

				0

				0

				0

				0

				0

				0

				0

				0

				0

				0



Batch previo

Batch actual

Tiempo

mgSSV/L

Evolución de Xs
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Batch previo

Batch actual

Tiempo

fs = Xs/X

Evolución de fs
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		Tiempo (seg.)		OD (mg/L) Fin de Ciclo		OD (mg/L) Comienzo de Ciclo

		0		8.30		8.99

		15		8.22		6.13

		30		7.92		4.48

		45		7.72		3.99

		60		7.64		3.95

		75		7.54		3.98

		90		4.46		4.03

		105		7.57		4.01

		120		7.76		4.01
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		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Fin de Ciclo

Arranque de Ciclo

Tiempo (s)

OD (mg/L)

Evolución de OD en muestras
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										DQO 2/6 Procesadas el 5/6

				Muestras

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										1		Solución 1		1		0.798		1932

		Nº		Hora		Caracteristicas				2		Solución 1 a la mitad		2		0.919		2223

		1		8:45		Antes de alimentar				3		Solución 2		1		0.470		1142

		2		8:50		Recien alimentado				4		Solución 2 al decimo		10		0.122		304		3043

		3		9:20		Luego de desnitrificar				5		Solución 3		1		0.636		1542

		4		10:20		Avance				6		Solución 3 a la mitad		2		0.400		974		1947

		5		11:20		Avance				7		Solución 4		1		0.566		1373

		6		12:35		Avance				8		Solución 4 a la mitad		2		0.400		974		1947

										9		Solución 5		1		0.600		1455

										10		Solución 5 a la mitad		2		0.394		959		1918

										11		Solución 6		1		0.500		1214

										12		Solución 6 a la mitad		2		0.450		1094

										13		Blanco		1		0.000		11		0

										So		1441.6666666667

										%		65.3179190751

										Ensayo de DQO		Viernes 6/6

										1		Solución al decimo		10		0.003		18		178		122

										1		Solución al decimo		10		-0.001		8		82

										1		Solución al decimo		10		0.000		11		106

										2		Solución a la mitad		2		0.074		189		378		386

										2		Solución a la mitad		2		0.079		201		402

										2		Solución a la mitad		2		0.074		189		378

										3		Solución		1		0.169		417		417		434

										3		Solución		1		0.176		434		434

										3		Solución		1		0.183		451		451

										Ensayo de DQO		Lunes 9/6

												11		1		0.233		572		572

														1		0.235		576		576

														1		0.234		574		574

																		Promedio		574

												12		1		0.247		605		605

														1		0.263		644		644

														1		0.249		610		610

														1		0.256		627		627

																		Promedio		622

												1/2 1		2		0.115		287		575

														2		0.124		309		618

														2		0.121		302		604

																		Promedio		599

												1/2 2		2		0.135		336		671

														2		0.135		336		671

																		Promedio		671

												1/3 1		3		0.089		225		675

														3		0.093		235		704

																		Promedio		689

												1/3 2		3		0.087		220		660

														3		0.089		225		675

																		Promedio		667

												Solución 1		621

												Solución 2		653

										Ensayos de DQO 7/7/03

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										1		Muestra de fin de ciclo		1		0.268		656		656

										2		Muestra de fin de ciclo		0.4		0.102		252		630

										3		Muestra de fin de ciclo		0.2		0.063		156		778

										4		Muestra de inicio de ciclo		1		0.468		1140		0

										5		Muestra de inicio de ciclo		0.4		0.212		518		1295

										6		Muestra de inicio de ciclo		0.2		0.105		259		1293

										Remoción de sustrato (DQO soluble)		46.8%

										Ensayos de DQO 14/7/03

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										1		Muestra de fin de ciclo		0.4		0.104		256		640

										1		Muestra de fin de ciclo		0.4		0.102		251		628

										1		Muestra de fin de ciclo		0.4		0.115		283		707

										2		Muestra de fin de ciclo		0.8		0.259		633		791

										2		Muestra de fin de ciclo		0.8		0.258		631		788

										2		Muestra de fin de ciclo		0.8		0.258		631		788

										Ensayos de DQO 5/8/03

										Nº de Frasco de DQO		Contiene		Dilución		Absorbancia		DQO (resultante, ecuación)		DQO (real,mg/L)

										F1		Muestra de fin de ciclo		1		0.086		212		212

										F2		Muestra de fin de ciclo		0.5		0.055		137		274

										CD1		Muestra arranque desnitrificación		0.5		0.150		368		736

										CD2		Muestra arranque desnitrificación		0.32		0.109		268		838

										CA1		Muestra fin desnitrificación		0.5		0.137		336		673

										CA2		Muestra fin desnitrificación		0.32		0.085		210		656





		Fecha		7/7/03

		Instante		Fin de ciclo

		Tiempo				OD (mg/L)

		(s)		Réplica 1		Réplica 2		Réplica 3		Promedio

		0		9.08		9.07		9.34		9.16

		10		7.61		7.68		8.24		7.84

		20		7.44		7.46		7.66		7.52

		30		7.56		7.42		7.65		7.54

		40		7.49		7.42		7.59		7.50

		50		7.63		7.45		7.58		7.55

		60		7.64		7.47		7.57		7.56

		70		7.62		7.48		7.54		7.55

		80		7.61		7.48		7.49		7.53

		90		7.56		7.44		7.42		7.47

		100		7.57		7.42		7.41		7.47

		Tiempo (s)		VCO (mg/L,h)

		5		475.2

		15		116.4

		25		0.0

		35		15.6

		45		0.0

		55		0.0

		65		4.8

		75		7.2

		85		19.2

		95		2.4

		Fecha		7/7/03

		Instante		Arranque de ciclo

		Tiempo						OD (mg/L)

		(s)		t = 0		t = 5 min		t = 10 min		t = 15 min		t = 20 min

		0		8.50		8.80		9.11		9.06		9.11

		10		6.80		5.50		3.05		1.33		2.07

		20		6.50		4.40		1.50		0.37		0.52

		30		6.40		4.20		1.23		0.26		0.30

		40		6.20		4.12		1.11		0.23		0.23

		50		6.00		3.89		0.89		0.21		0.22

		60		5.87		3.81		0.74		0.21		0.21

		70		5.70		3.66		0.59		0.20		0.20

		80		5.53		3.47		0.44		0.20		0.20

		90		5.39		3.34		0.30		0.20		0.20

		Tiempo						VCO (mg/L.h)

		(s)		t = 0		t = 5 min		t = 10 min		t = 15 min		t = 20 min

		5		612.0		1188.0		2181.6		2782.8		2534.4

		15		108.0		396.0		558.0		345.6		558.0

		25		36.0		72.0		97.2		39.6		79.2

		35		72.0		28.8		43.2		10.8		25.2

		45		72.0		82.8		79.2		7.2		3.6

		55		46.8		28.8		54.0		0.0		3.6

		65		61.2		54.0		54.0		3.6		3.6

		75		61.2		68.4		54.0		0.0		0.0

		85		50.4		46.8		50.4		0.0		0.0

		Medida		O.D (mg/L)

		Tiempo												Hora		(5/8/03)																								Hora		(6/8/03)

		(s)		12:00		12:30		12:35		12:40		12:45		12:50		13:10		13:20		13:30		13:50		14:20		15:10		15:40		16:30		17:50		19:10		10:10		10:40		11:40		13:25		14:35		17:15

		0		8.91		8.45		8.88		8.81		8.73		9.01		8.74		8.53		8.59		8.11		8.71		8.69		8.54		8.77		8.99		8.45		8.86		8.94		8.46		7.40		8.18		8.09

		10		7.02		1.07		1.78		1.09		2.04		1.83		1.17		1.36		1.32		0.95		1.98		1.89		2.03		1.79		5.90		6.95		8.05		2.08		1.56		1.83		1.60		6.37

		20		6.80		0.28		0.30		0.34		0.30		0.32		0.32		0.36		0.34		0.30		0.44		0.29		0.34		0.37		5.49		6.27		7.86		0.44		0.39		0.33		0.35		5.60

		30		6.72		0.22		0.23		0.22		0.22		0.21		0.23		0.24		0.23		0.23		0.23		0.23		0.24		0.23		5.34		6.18		7.81		0.25		0.23		0.22		0.21		5.53

		40		6.66		0.20		0.20		0.20		0.20		0.19		0.21		0.20		0.20		0.21		0.20		0.20		0.21		0.20		5.19		6.07		7.76		0.21		0.20		0.21		0.19		5.46

		50		6.59		0.19		0.20		0.19		0.18		0.18		0.19		0.19		0.19		0.19		0.19		0.19		0.20		0.19		5.07		5.99		7.69		0.20		0.19		0.20		0.18		5.36

		60		6.54		0.19		0.20		0.18		0.18		0.17		0.18		0.18		0.18		0.18		0.18		0.18		0.19		0.18		4.94		5.87		7.65		0.20		0.19		0.19		0.18		5.29

		70		6.49		0.16		0.19		0.18		0.17		0.17		0.18		0.18		0.18		0.18		0.18		0.18		0.18		0.17		4.82		5.79		7.61		0.19		0.18		0.19		0.17		5.20

		Medida		O.D (mg/L)

		Tiempo

		(s)		12:20		13:30		15:40		12:40

		0

		10		1.94		6.24		6.28

		20		0.73		2.32		6.23

		30		0.51		1.87		6.18

		40		0.40		1.66		6.13

		50		0.34		1.55		6.07

		60		0.31		1.45		6.02

		70		0.30		1.29		5.95

		80		0.30		1.29		5.88

		90		0.30		1.29		5.85

		100		0.30		1.29		5.79
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Fin de ciclo

Arranque de ciclo (t = 0)

t = 5 min

t = 10 min

t = 15 min

t = 20 min

Tiempo (s)

OD (mg/L)

Análisis Resipirométricos
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0
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		0		0		0		0		0		0

		0



Fin de ciclo

Arranque de ciclo (t = 0)

t = 5 min

t = 10 min

t = 15 min

t = 20 min

Tiempo (s)

OD (mg/L)

Cálculo de VCO
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0
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12:20

13:30

15:40

Tiempo (s)

OD (mg/L)

Análisis Resipirométricos
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