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Appendix A: Standards and the Ion Chromatograph

(Data and conversion calculations are in ‘AnionStdsSummary.xls’)

Use of the IC began in September of 2000. From September to November 2, 2000, only two standards were used. The concentrations entered into the amount table were: 

	
	Std 1
	Std 2

	
	(mg/L)
	(mg/L)

	F
	0.2
	2

	Cl
	0.3
	3

	NO2
	1
	10

	PO4
	1
	10

	Br
	1
	10

	NO3
	1.5
	15

	SO4
	1.5
	15


There is no clear documentation stating whether these concentrations are in mg-ion/L or mg-atom/L (i.e. Does standard 1 contain 1.5 mg-NO3/L or 1.5 mg-N/L?). After comparing peak areas and regression slopes between these standards and later standards however, it is clear that the concentrations above are in units of mg-ion/L. To standardize results, on March 2, 2004 these concentrations were adjusted to mg-atom/L:

	
	Std 1
	Std 2

	
	(mg-atom/L)
	(mg-atom/L)

	F
	0.200
	2.000

	Cl
	0.300
	3.000

	NO2
	0.304
	3.045

	PO4
	0.326
	3.261

	Br
	1.000
	10.000

	NO3
	0.339
	3.388

	SO4
	0.501
	5.006


From November 13, 2000 to April 12, 2001, a set of five standards with exponentially increasing concentrations were used. The concentrations entered into the amount table were:

	
	Std 1
	Std 2
	Std 3
	Std 4
	Std 5

	
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)
	(mg/L)

	F
	0.04
	0.2
	0.8
	2
	8

	Cl
	0.06
	0.3
	1.2
	3
	12

	NO2
	0.2
	1
	4
	10
	40

	PO4
	0.3
	1.5
	6
	15
	60

	Br
	0.2
	1
	4
	10
	40

	NO3
	0.2
	1
	4
	10
	40

	SO4
	0.3
	1.5
	6
	15
	60


As with the previous set of standards, the above concentrations are in mg-ion/L. The corrected concentrations converted to mg-atom/L, as entered on March 2, 2004 are:

	
	Std 1
	Std 2
	Std 3
	Std 4
	Std 5

	
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)

	F
	0.040
	0.200
	0.800
	2.000
	8.000

	Cl
	0.060
	0.300
	1.200
	3.000
	12.000

	NO2
	0.061
	0.304
	1.218
	3.045
	12.178

	PO4
	0.098
	0.489
	1.957
	4.892
	19.568

	Br
	0.200
	1.000
	4.000
	10.000
	40.000

	NO3
	0.045
	0.226
	0.904
	2.259
	9.036

	SO4
	0.100
	0.501
	2.002
	5.006
	20.025


From April 13, 2001 to July 14, 2001 a set of five standards with linearly increasing concentrations were used. These standards no longer contained fluoride or bromide. The concentrations entered into the amount table were:

	
	Std 1
	Std 2
	Std 3
	Std 4
	Std 5

	
	(mg-ion/L)
	(mg-ion/L)
	(mg-ion/L)
	(mg-ion/L)
	(mg-ion/L)

	F
	0
	0
	0
	0
	0

	Cl
	36
	72
	108
	144
	180

	NO2
	0.4
	0.8
	1.2
	1.6
	2

	PO4
	4
	8
	12
	16
	20

	Br
	0
	0
	0
	0
	0

	NO3
	24
	48
	72
	96
	120

	SO4
	36
	72
	108
	144
	180


The calculations for making up these standards (Anion Calculations 041301.xls) show that these concentrations are in mg-ion/L. The concentrations corrected to mg-atom/L are shown below and were pasted into the Chromeleon amount table for runs between April 13, 2001 and July 14, 2001 on March 2, 2004.

	
	Std 1
	Std 2
	Std 3
	Std 4
	Std 5

	
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)

	F
	0.000
	0.000
	0.000
	0.000
	0.000

	Cl
	36.000
	72.000
	108.000
	144.000
	180.000

	NO2
	0.122
	0.244
	0.365
	0.487
	0.609

	PO4
	1.305
	2.609
	3.914
	5.218
	6.523

	Br
	0.000
	0.000
	0.000
	0.000
	0.000

	NO3
	5.421
	10.843
	16.264
	21.686
	27.107

	SO4
	12.015
	24.030
	36.045
	48.060
	60.075


From August 2001 to April 1, 2003, the concentrations for standards were:

	
	Std 1
	Std 2
	Std 3
	Std 4
	Std 5

	
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)

	F
	0.000
	0.000
	0.000
	0.000
	0.000

	Cl
	36.000
	72.000
	108.000
	144.000
	180.000

	NO2-N
	0.122
	0.244
	0.365
	0.487
	0.609

	PO4-P
	1.305
	2.609
	3.914
	5.218
	6.523

	Br
	0.000
	0.000
	0.000
	0.000
	0.000

	NO3-N
	5.421
	10.843
	16.264
	21.686
	27.107

	SO4-S
	12.015
	24.030
	36.045
	48.060
	60.075


Due to errors in making up standards, the concentrations in amount tables for runs from April 1, 2003 to the present should be corrected to those below. These concentrations were pasted in for all anion runs during this time on March 2, 2004.

	
	Std 1
	Std 2
	Std 3
	Std 4
	Std 5

	
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)
	(mg-atom/L)

	F
	0.000
	0.000
	0.000
	0.000
	0.000

	Cl
	36.498
	72.138
	109.209
	145.271
	180.174

	NO2
	0.154
	0.305
	0.450
	0.617
	0.768

	PO4
	1.394
	2.755
	4.269
	5.698
	7.140

	NO3
	5.566
	11.609
	18.048
	24.603
	31.127

	SO4
	12.185
	24.577
	37.298
	49.641
	61.804


Appendix B: Log of shutdown 11/26/03-2/3/04

(Compiled by Heather Elmer)

LM leak troubleshooting shutdown 11/26/03-2/3/04
11/26/03-11/28/03
-AJLC wastewater routed directly to CITY SEWER/Toilets on city bypass.
-Clarifier recycle ON.
-CA2 to OA1 pumps (PS1) ON and continuously pumping wastewater into greenhouse because clarifier overflow was routed back to AN1.  Water level in underground tanks at the time was such that pumps were constantly activated to send water to greenhouse when clarifier overflow was diverted to AN1 on 11/26.  PS1 turned OFF 11/28.  From this point forward, no flow entered greenhouse until 2/3/04 except under manual control (see record below) 
-Any clarifier overflow routed to AN1.


11/29/03-12/1/03 
-AJLC wastewater routed directly to CITY SEWER/Toilets on city bypass.  
-Clarifier recycle operated through 12/1/2003 when airsupply turneed OFF.
-PS1 OFF.  No flow entered greenhouse, except under manual control (see record below)
-Any clarifier overflow routed to AN1.

12/2/03-12/10/03
-AJLC wastewater routed to AN1/Toilets on city bypass.
-Clairifer recycle OFF.
-PS1 OFF. No wastewater pumped into greenhouse except manually to make up volume (see records below). 
-Any clarifer overflow routed to AN1.

12/11/03-2/3/2004
-AJLC wastewater routed directly to CITY SEWER/Toilets on city bypass via effluent holding tank 
-Clarifier recycle OFF.
-CA2-OA1 pumps OFF.  No wastewater pumped into greenhouse except manually to make up volume and prepare for start-up.  
-Any clarifier overflow routed back to AN1.

CA2-OA1 pumps were turned on for short periods during shutdown for two reasons.
1. To make up volume in OA tanks when clarifier recycle loops were still running and depleting water level in Clarifier/OA tanks or when ball valves in CA2-OA1 line were open and water was running backwards into CA2 from greenhouse.  (I believe the check valves in these lines are faulty because closing the ball valves stopped water loss from the greenhouse).

2. To bring AN/CA levels back down to operational water levels (from build-up that occurred 12/2-12/10) in preparation for start-up.

****Throughout shutdown any clarifier overflow was routed back to AN1****

Date     gallons CA2-OA1 
12/1/03  676
12/2/03  184
12/3/03  281
12/5/03  750
12/9/03  159
12/11/03 434
12/23/03 107
1/12/04  193
1/16/04  208
1/29/04  457
1/30/04  250

Appendix C:Persulfate Digestion Protocol for the Living Machine 

Reagents

Boric acid buffer


61.8g H3BO3


8.0 g NaOH


Dilute to 1000ml 

Glutamic acid check


High concentration stock:



dry glutamic acid in oven at 105 deg C for 24 hours



1.051 g glutamic acid



dilute to 1000 mL 


Intermediate concentration stock:



dilute 100mL high concentration stock to 1000 mL


Digestion check standard



29.0 mL intermediate concentration stock diluted to 100 mL
Digestion Reagent:


20.1g K2SO4 (low N)


3.0g NaOH


Dilute to 1000ml with ammonia and nitrate free water

Before Sampling

Acid wash autoclavable Nalgene bottles

Autoclave bottles with 10 mL of digestion reagent (see below) then rinse twice with DDI.

Sampling and processing 

Collect samples in 125 ml bottles from AN1, CA1, OA1, OA3, Marsh, and Effluent. Sample AN1 below the surface using broken sludge judge. Once collected, the samples should be processed as soon as possible.

Always work from cleanest to dirtiest. For each tank use a new filter apparatus. Rinse pippette tip and syringe thoroughly with DDI when changing tanks.

Prepare three replicates for persulfate digest:

Filter 10 ml of sample into scintillation vial.  

Take up 2 mL of sample using a micropippeter. In 125  mL autoclavable nalgene bottle dilute to 10 mL with DDI 


Remove filter paper and place in another 125 mL bottle for particulate N. [Pujo-Pay, 1994 #34]


Add 10 mL of DDI to bottle with filter paper.


All bottles should be labeled with autoclave tape.


Freeze remaining sample in two scintillation vials.

Persulfate digestion 
Add 5.0ml of digestion reagent to each bottle

Make two blanks containing 10.0ml of DDI water and 5.0ml of digestion reagent and 2 filter blanks containing an unused filter, 10.0 mL of DDI and 5.0 mL of digestion reagent

Make a digestion check standard with 10.0 mL of low concentration glutamic acid and 5.0ml digestion reagent

Tighten caps on bottles, then loosen 1/2 turn.

Autoclave for 60 minutes [Ferree, 2001 #3] at 105 deg C

Allow to cool to room temperature

Add 1.0 ml borate buffer

Mix by inversion

Storage

After digestion, samples can be stored frozen for several months

Sample should be stored in scintillation vials.

Pour dissolved samples directly into vials and store in the freezer.

Filter paper samples:

Shake filter paper samples thoroughly.

Pour sample into 4 mL glass test tubes.

Centrifuge for several minutes.

Pour off surface liquid into scintillation vials for freezing and discard filter paper.

Analysis

Measure nitrate concentration of both digested and undigested samples on ion chromatograph [Halstead, 1999 #6]. For digested samples, use a dilution of one part sample to 2 parts DDI- ie 1.7 mL of sample, 3.4 mL of DDI.

Measure undigested ammonium concentration using ammonium probe.

For each sample there should be: ammonium, nitrate, nitrite, particulate nitrogen (3 replicates), and total dissolved nitrogen concentrations (3 replicates)

Calculations

All data should be in mg N/L. 

The concentrations of nitrate in persulfate digests need to be corrected for dilution and background nitrogen. Background N is corrected for by subtracting the concentration of nitrate in the DDI blank (filter blank for particulate samples). This number is then multiplyed by the dilution factor of total volume/sample volume. So

Corrected NO3-N= (NO3-N from IC - NO3-N in DDI blank)*dilution factor

For samples with no additional dilution, the dilution fatctor is 8/5 ((10 mL sample+5 mL digestion reagent+1 mL boric acid)/(10 mL sample))

Based on digests of standards, the concentrations of ammonium oxidized to nitrate measured by the IC are 1/6.5 the concentrations given by the ammonium probe. The ammonium concentrations given by the ammonium probe should therefore be divided by 6.5 when used to calculate organic nitrogen.

ammonium (IC) = ammonium (probe)*6.5

Dissolved organic nitrogen is calculated by subracting the concentration of inorganic ions from the total dissolved nitrogen.

DON=Total dissolved N- (Nitrate+nitrite+ammonium)

