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SOP’s: 

SOP # 001 Ammonia-Nitrogen 

ACADEMY OF NATURAL SCIENCES 

DIVISON OF ENVIRONMENTAL RESEARCH  

Procedure No. P-16-97 Rev. 0 (1/97)  
 

AMMONIA NITROGEN DETERMINATION BY THE ALPKEM CONTINUOUS FLOW 
ANALYZER A303-S020 

Prepared By: Paul Kiry 
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SOP # 002 Chla 

 Kreeger 

 SOP #8 
 Biomass Measurement III.  Chlorophyll-a 

 
 Modified by Danielle Kreeger from P. Mosto's protocol 
 12/29/93 

  
 BIOMASS MEASUREMENT III. CHLOROPHYLL-a 

 
  
8.1 Procedure 

 
 

8.1.1 Use on acetate (HA 0.45 μm) filters for collecting algae for chlorophyll analysis 
(see 
 SOP #4, step 4.8), and vacuum at low pressure (8 in. Hg).  If samples are not 

 processed immediately, store in plastic filter boxes at -70oc. 
 

8.1.2 Transfer filter to a LSC vial containing 10 ml DMSO.  Let stand at room 
temperature 
 in the dark for 30 min to allow time for filter dissolution. 

 
8.1.3 Agitate sample and read the extract in a spectrometer at 750 nm to correct for 

 turbidity, and at 663, 645 and 630 nm.  Subtract 750 nm reading from the other 
three 
 wavelength readings. 

 
8.1.4 Calculate chlorophyll-a as follows: 

 
  Ch-a = 11.64 (A663) - 2.16 (A645) + 0.10 (A630) 
 

  Ch-a (μg ml-1) = Ch-a  x  (volume of extract, ml) 
     light path (cm) 
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SOP # 003 Chloride 
 
ACADEMY OF NATURAL SCIENCES OF 

PHILADELPHIA PATRICK CENTER FOR 

ENVIRONMENTAL RESEARCH  
Procedure No. P-16-93 Rev. 2 (07/2003)  

 

Method for the Determination of Chloride in Surface Waters  

Prepared By: Paul Kiry 

Method for the Determination of Chloride in Surface Waters  

 

1.0 METHOD  
This is a method for determining chloride levels in water (0 to 100 mg/L).  

2.0 SUMMARY  

The chloride level in mg/L (ppm) is determined by a mercuric nitrate titration.  The pH of the 

solution is lowered to approximately 3 by the addition of dilute nitric acid. During the 

titration, mercuric ions react with chloride ions to form mercuric chloride. When excess 

mercuric ions are present, it complexes with diphenylcarbazone to form a purple solution. 

The color change from yellow to purple determines the end point of this titration.  The 

detection limit is 0.5mg/L. Samples should be stored at 4C +/-2 and analyzed within 28 days 

of collection.  

3.0 APPARATUS  

3.1 100 ml beaker  

3.2 Titration buret, 10 ml volume or titrator  

3.3 Graduated cylinder, 50 ml  

3.4 Reagent 1: Diphenylcarbazone indicator (store in refrigerator)  

3.5 Reagent 2: Nitric acid solution, 2ml concentrated nitric acid/100ml DI  

3.6 Reagent 3: Mercuric Nitrate solution, 0.0141N  

3.7 Stir plate and stir bar  

3.8 De-ionized Water (DI)  

3.9 Minerals standard quality control solution (from VWR)  

3.10 Spiking solution (1g Cl/L NIST Tracable)  

3.11 Pipette (100-1000:L)  

3.12 Pipette (1000-5000:L)  

3.13 Titration data sheets  
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3.14 Calculator  

4.0 PROCEDURE  

4.1 Low Range (0 to 100 mg/L Chloride).  The range can be extended by dillution of the 
sample  

4.1.1 Rinse the beaker with water sample, fill the graduated cylinder to 50ml with the sample 

and pour into the beaker.  

4.1.2 Add 0.5 mL of reagent 1 and mix with a stir bar on a stir plate.  The solution will 

become a pale yellow color.  

4.1.3 Add 10 drops of the reagent 2.  

4.1.4 Titrate with reagent 3 until the light-purple color appears. Determination of  the color of 

the end point can be made from a DI sample.  Record the volume of titrant added.  

4.1.5 At the beginning and end of each sample run, run a QC sample with known 
concentration of chloride. Percent recovery is calculated. In addition, a DI blank is run and 

the blank sample volume is subtracted from the volume of titrant added to each sample.   

4.1.6 Every ten samples, a duplicate, a spike and a blank are run.  For spiking, 0.5ml of 1000 
mg/L Cl standard is added, equaling 9.9 mg/L of chloride added.  

5.0 CALCULATIONS AND QUALITY ASSURANCE  

 

 mg Cl/L = (mL titrant for sample - mL titrant for blank) x 10 % Recovery for QC = 

concentration of titrated QC sample/known concentration of QC  x 100% % 

Recovery for Spike = (concentration of spiked sample - concentration of sample) x 
100%  

.

 9.9 Relative 
 

Relative Percent Difference for duplicates =  
Absolute value of sample concentration - concentration of duplicate x 

100%     Average of sample concentration and duplicate 

concentration  

 

6.0 QUALITY ASSURANCE  

6.1 At the beginning and end of each run, run a QC sample (NIST traceable) with known 

concentration, a calibration standard and a blank. Sample duplicates, sample spikes, a 

calibration standard and blanks should be run at a frequency of 10%. Values should meet the 

criteria as set forth in the specific project QAPP. If a value is not acceptable, the problem 

should be resolved and samples rerun from the point where the QC’s were found to be in 

control.  

 

Reference  

APHA, AWWA, WEF. 1998. Standard Methods for the Examination of Water and 

Wastewater. 19
th

 Edition. Method 4500-Cl C. Eds: Eaton, A.D., Clesceri, L.S., and 

Greenberg, A.E.). APHA, Washington, DC. pp 4-68: 4-69.  
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SOP # 004 Nitrogen 
Kreeger  SOP #10 

 Chemical Analyses. II.  Nitrogen 

 
 For NO3 and NO2, Sue Kilhams's SOP was re-typed by DK,  

 For NH4, ANSP SOP #P-20-01 was revised by DK and the  
 orginal Solorzano method was added by DK 
 1/24/94, revised 5/10/07 

  
 CHEMICAL ANALYSES  II.  NITROGEN 

  

 
Ammonium-nitrogen, nitrate-nitrogen and nitrite-nitrogen are determined using Steps 

10.2, 10.3 and 10.4, respectively.   For determination of ammonium-nitrogen, three 
different methods (10.2.1, 10.2.2, and 10.2.3) are described: the original Solorzano 

(1969) method (for normal ammonium-nitrogen concentrations), a modified Solorzano 
method developed by the Nutrient Lab at the ANSP (for dilute ammonium-nitrogen 
concentrations), and the photometric method used at Drexel. 

 
The nitrogen content of algae/seston samples (frozen liquid samples from SOP#4 Step 

4.11??) will need to be corrected for nitrogen contributions from the medium determined 
using blank samples (from SOP #4 Step 4.15??). 
 

 
10.1 Recover samples from storage if needed and prepare for analyses. 
 

10.1.1 For each algae/seston sample (from SOP #4), thaw the 3 replicate 90 ml 
  sub-samples (Step 4.12) and 3 replicate blanks (Step 4.10). 

 
10.1.2 For zooplankton samples, weigh 1-2 mg (± 0.01 mg) dried, powderized 
  zooplankton and add to 90 ml d.d. water (repeat 3 X). 

 
10.1.3 Sonicate each sample vigorously for 15 sec.  Shake to mix and divide each  

  sample as follows: 
 
10.1.3.1 10 ml into a 15 ml borosilicate glass test tube (muffled 4 h, 500 oC) for 

  analysis of ammonium-nitrogen (one of the methods in Step 10.2). 
 

10.1.3.2 50 ml into a disposable plastic centrifuge tube for analysis of nitrate-
nitrogen  
  (Step 10.3). 

 
10.1.3.3 25 ml into a disposable plastic centrifuge tube for analysis of nitrite-

nitrogen  
  (Step 10.4). 
 

10.2 Ammonium-Nitrogen Method  
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 Three methods are described in Steps 10.2.1, 10.2.2 and 10.2.3.  The original 

spectrophotometric method of Solorzano (1969) is given in Step 10.2.1.  A modified 
Solorzano procedure developed by personnel in the ANSP Nutrient Lab is given in Step 

10.2.2 - this method should be used for dilute concentrations of ammonium-nitrogen.  
The photometric method used by Sue/Lazaro is described in Step 10.2.3. 
 

10.2.1 Solorzano (1969) method for the determination of ammonium-N, as used 
  previously by Dan. 

 
  The sample is treated in an alkaline citrate medium with sodium 
hypochlorite 

  and phenol in the presence of sodium nitroprusside which acts as a 
catalyzer.  

  The blue indophenol color formed with ammonia is measured 
  spectrophotometrically and calibrated with standards. 
 

10.2.1.1 Range and Precision: (μg-at l-1  =  μg l-1 / atomic weight) 
      (μM  =  μg l-1 / molecular weight) 

 
  Range:     1.0 - 100 μM NH4

+-N l-1 

  Precision at the 10 μM NH4
+-N l-1 level:  

    mean of n determinations  ±  1.0 . n-1 μM NH4
+-N l-1 

10.2.1.2 Equipment: 

 
  Fume hood 

  Acid-cleaned borosilicate tubes and polypropylene caps. 
  Test tube rack 
  Calibrated pipettes and tips 

  Acid-washed beakers and graduated cylinders 
  Vortex mixer 

  Acid-washed calibrated volumetric glassware 
  Protective gloves and eyewear 
  Disposable 1 ml cuvettes 

  Kimwipes 
  Spectrophotometer capable of reading absorbances at 640 nm 

  Laboratory-pure water (LPW) 
 
10.2.1.3 Reagents needed: 

 
10.2.1.3.1 In a fume hood, dissolve 20 ml phenol in 180 ml of 95% v/v ethanol; store 

in 
  refrigerator.  Read MSDS on phenol and wear protective gloves. 
 

10.2.1.3.2 Dissolve 1.0 g sodium nitroprusside in 200 ml LPW.  This reagent 
degrades 

  with exposure to light, and so store in a dark, brown bottle in the 
refrigerator.    Make fresh every two weeks. 
 

10.2.1.3.3 Dissolve 100 g sodium citrate and 5 g sodium hydroxide in 500 ml LPW. 
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10.2.1.3.4 Commercial grade hypochlorite solution ("Chlorox"). 
 

10.2.1.3.5 Prepare an oxidizing solution by combining 25 ml of "Chlorox" (Step 
  10.2.1.3.4) and 100 ml of the alkaline solution (Step 10.2.1.3.3).  This 
should 

  be prepared fresh on the day of analysis. 
 

 
10.2.1.4 Standards Preparation: 
 

10.2.1.4.1 Boil 600 ml LPW for > 15 min to ensure no ammonia is present.  Let cool. 
 

10.2.1.4.2 Pipet 5 ml to each of three replicate glass test tubes as blanks  
  (0 μg-at NH4

+-N l-1). 
 

10.2.1.4.3 Prepare standard stock solution by dissolving 50 mg ammonium sulfate in 
500 

  ml boiled and cooled LPW (from Step 10.2.1.4.2). This produces a 
solution 
  having: 

   0.758 mmole (NH4)2SO4 . l-1 
   1.516 mmole NH 4-N . l-1 

   21.22 mg NH 4-N . l-1 
 
10.2.1.4.4 Prepare standards to cover a broader range than expected in unknown 

samples; 
  typically, this will be 0 to 100 μmole NH4

+-N l-1 .  This stock can be held 

in 
  the refrigerator for up to a month. 
 

  For example, prepare duplicates of the following five standards by adding 
  standard stock (SS) to boiled and cooled LPW in glass test tubes as 

follows: 
 
  Pipet 12.5 μl SS into 50 ml LPW =  0.38 μM NH4

+-N 

  Pipet 25 μl SS into 50 ml LPW =  0.76 μM NH4
+-N 

  Pipet 50 μl SS into 50 ml LPW  =  1.52 μM NH4
+-N 

  Pipet 100 μl SS into 50 ml LPW  =  3.03 μM NH4
+-N   

  Pipet 300 μl SS into 50 ml LPW =  9.10 μM NH4
+-N 

  Pipet 650 μl SS into 50 ml LPW  =  19.72 μM NH4
+-N 

  Pipet 1.00 ml SS into 50 ml LPW =  30.3 μM NH4
+-N 

  Pipet 3.00 ml SS into 50 ml LPW =  91.0 μM NH4
+-N 

  Pipet 6.00 ml SS into 50 ml LPW =  181.0 μM NH4
+-N 

 
  Use 5 ml of each 50 ml standard (duplicated). 
 

10.2.1.5 Procedure: 
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10.2.1.5.1 Rinse all glassware according to SOP #1 and prepare standards.  Care 

should 
  be taken to physically separate clean test tubes from work area while 

preparing 
  standards to prevent contamination. 
 

10.2.1.5.2 In a fume hood, pipet 5 ml of each sample into a glass test tube (blanks 
and 

  standards are also 5 ml).  There should be triplicates of each sample (Step 
  10.1.1). 
 

10.2.1.5.3 Put on protective gloves and glasses.  Add 200 μl phenol solution (Step 
  10.2.1.3.1) to each sample, blank and standard.  Vortex 5 sec.  If 

necessary, 
  these phenol-fixed samples can be stored for up to 1 wk if the tops are 
sealed 

  (ie. with polypropylene screw-caps). 
 

10.2.1.5.4 Add 200 μl nitroprusside solution (Step 10.2.1.3.2) to each sample and 
vortex 
  5 sec. 

 
10.2.1.5.5 Add 500 μl oxidizing solution (Step 10.2.1.3.5) to each tube and vortex 5 

sec. 
 

10.2.1.5.6 Cover tubes with parafilm or add caps and let stand in darkness for >1 hr.   
  Color is stable for up to 24 hrs. 
 

10.2.1.5.7 Vortex each tube after incubation period and spot microplate. Read all 
samples  
  at 650 nm on the microplate reader.   

 
10.2.1.5.8 Calculate a regression equation from standards absorbances that predicts 

  sample μg-at NH4
+-N l-1 from absorbance data. 

 

10.2.1.6 Clean-up. 
  
10.2.1.6.1 Phenol wastes are poured into a drain in a hood while flushing with water. 

 
10.2.1.6.2 Acid-wash all glass ware for use in next batch of samples. 

 
10.2.1.7 Reference. 
 

10.2.1.7.1 Solorzano, L.  1969.. Determination of ammonia in natural waters by the 
  phenylhypochlorite method.  Limnol. Oceanogr. 14: 799-801. 

 
10.2.2 Modified Solorzano (1969) method for the determination of dilute 
  concentrations of ammonium-N.  
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10.2.2.1 Equipment: 

 
  Acid-cleaned borosilicate tubes and polypropylene caps. 

  Test tube rack 
  Calibrated pipettes and tips 
  Acid-washed beakers and graduated cylinders 

  Vortex mixer 
  Repipetter 

  Acid-washed calibrated volumetric glassware 
  Protective gloves and eyewear 
  Disposable 1 ml cuvettes 

  Kimwipes 
  Spectrophotometer capable of reading absorbances at 640 nm 

  Laboratory-pure water (LPW) 
 
10.2.2.2 Reagents needed: 

 
10.2.2.2.1 Phenol - dissolve 10 g phenol in 100 ml of reagent grade ethanol; store in 

  refrigerator.  Read MSDS on this toxic material. 
 
10.2.2.2.2 Sodium nitroprusside - dissolve 0.25 g sodium nitroprusside in 100 ml d.d. 

  water; this reagent degrades with exposure to light, and so store in a dark, 
  brown bottle in the refrigerator.  Make fresh every two weeks. 
 

10.2.2.2.3 Oxidizing solution - Add 25 ml Chlorox (5% sodium hypochlorite) to 100 
ml 

  of alkaline solution (see 10.2.4.4).  This reagent must be prepared daily. 
 
10.2.2.2.4 Alkaline solution - dissolve 100 g trisodium citrate and 5 g sodium 

hydroxide 
  in 500 ml d.d. water (total final volume). 

 
10.2.2.3 Standards Preparation: 
 

10.2.2.3.1 Prepare standards to cover a broader range than expected in unknown 
samples; 

  typically, this will be 0.125 μM NH4
+ to 20.0  μM NH4

+.   The range may 
be 

  extended with sample and standard dilution [??].  If  possible, dilute 
samples 
  to extend the range before addition of reagents.  If dilutions are performed 

  after the addition of reagents, dilute standards also to verify linearity.  
  Reagents, blanks and standards must be prepared with water taken directly 

  from the deionized filtration system hose. 
 
10.2.2.3.2 In addition to the standards, prepare replicate blanks (0.0 μM NH4

+). 

 
10.2.2.3.3 Stock standard  = 1000 μM NH4Cl.  Prepare this by dissolving 0.0535 g 

  NH4Cl  into 1 l d.d water.  Keep stock standard stored in the refrigerator. 
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10.2.2.3.4 To determine the volume or concentration needed for a given standard, use 
the 

  formula:  {standard concentration in μM = (volume of stock standard 
solution 
  in mls) X (concentration of stock standard solution in μM) / (total volume 

in 
  mls)}, and solve for the desired unknown variable. 

 
10.2.2.3.5 All standards should be prepared in a flask which had previously held the 
same 

  concentration.  Rinse the flask with d.d. water from the hose about 3/4 full 
to 

  the line.  Then pipette in the desired standard volume being careful to 
  minimize contact between the pipettes or squirt bottles and the walls of the 
  flask.  Next, top off the flask with d.d. water from a squirt bottle until the  

  bottom of the meniscus is at the line.  Replace the stopper, or use parafilm 
to 

  cover the flask.  Invert the flask several times in order to make the 
standard 
  homogeneous.  Make fresh daily. 

 
10.2.2.4 Blanks, Spikes and QC Samples: 

 
10.2.2.4.1 Blanks - 0.0 μM standard made with d.d. water from the hose and 

analyzed as 
  a sample. 
 

10.2.2.4.2 Spikes - spike a duplicate sample with a known amount of check sample 
(e.g. 
  standard amount).  Recovery of target compound from sample matrix can 

be 
  evaluated. 

 
10.2.2.4.3 QC check samples - Spike reagent blank samples with EPA Certified 
Check 

  Samples to determine if results are accurate. 
 

10.2.2.5 Procedure: 
 
10.2.2.5.1 Rinse all glassware according to SOP #1 and prepare standards.  Care 

should 
  be taken to physically separate clean test tubes from work area while 

preparing 
  standards to prevent contamination. 
 

10.2.2.5.2 In a fume hood, use a pipette to transfer 10 ml of standard, sample or 
blank 

  into borosilicate tubes (from Step 10.1.3.1). 
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10.2.2.5.3 Put on protective gloves and glasses.  Repipette 100 μl phenol solution to 
each 

  tube.  Vortex 5 sec. 
 
10.2.2.5.4 Repipette 200 μl nitroprusside solution to each tube.  Vortex 5 sec. 

 
10.2.2.5.5 Repipette 250 μl oxidizing solution to each tube.  Vortex 5 sec. 

 
10.2.2.5.6 Seal tubes with caps and let stand in darkness for 4 to 24 hrs. 

 
10.2.2.57 Vortex each tube after incubation period and transfer about 1 ml to a 
  disposable cuvette.  Read all samples at 640 nm on the spectrophotometer.   

 
10.2.2.5.8 Turbidity blanks - treat turbidity blanks[??] as samples, unless specific 

project 
  indicates otherwise, except for the following points:  1) the reagents are 
mixed 

  in reverse order  2) the absorbance is read immediately after the final 
  reagent has been mixed.  When beginning a study in a new area, explore 

the 
  validity of this technique for turbidities and whether turbidity blanks are 
  necessary. 

 
10.2.2.5.9 Calculate a regression equation from standards absorbances that predicts 

  sample  μM NH4
+-N from absorbance data. 

 
10.2.2.6 Clean-up. 

  
10.2.2.6.1 Phenol wastes are poured into a drain in a hood while flushing with water. 

 
10.2.2.6.2 Acid-wash all glass ware for use in next batch of samples. 
 

10.2.2.7 Reference. 
 

10.2.2.7.1 Solorzano, L.  1969.. Determination of ammonia in natural waters by the 
  phenylhypochlorite method.  Limnol. Oceanogr. 14: 799-801. 
 

10.2.3 Photometric method for determination of ammonium-N.  
 

  
10.3 Nitrate-Nitrogen Method [SOP unclear as yet] 
 

10.3.1 Summary. 
 

  Liquid samples are passed through a cadmium reduction column to 
remove 
  [??].  Nitrate-nitrogen is then determined in the eluent ...[method?] 
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10.3.2 Equipment. 

 
10.3.2.1 Cadmium reduction columns - Wash ca. 40 g cadmium pellets with 2 N 

HCl 
  (85 ml conc. HCl diluted to 500 ml).  Rinse with distilled water.  The wash 
  rinsed cadmium with ca. 100 ml of 0.08 M cupric sulfate (20 g CuSO4 . 

5H2O 
  dissolved to 1.00 l).  Swirl until the blue color disappears.  Rinse with 

  distilled water, but not too much or the Cu will get rinsed off.  Avoid 
  prolonged exposure to air.  Pack into columns filled with water.  Do not 
  entrap air bubbles. 

 
10.3.3 Reagents. 

 
10.3.3.1 Ammonium chloride buffer - dissolve 100 g ammonium chloride and 50 g 
  sodium borate (Na2B4O7

 . 10H2O) in d.d. water to give 1.0 l final volume.  

  Shelf life unknown. 
  

10.3.4  Standards. 
 
10.3.4.1 Dissolve 0.8499 g pre-desiccated NaNO3 (84.99 g mole-1) to make 500 ml.  

  This gives a 20 mM solution.  Dilute as needed. 
 
10.3.4.2 Run nitrate standards and blanks on each column whenever used.  Check 

for 
  yield by comparing cadmium-reduced nitrate standards to unreduced 

nitrite 
  standards.  This yield should be greater than 90 %.  Using columns 21 cm 
  long and 1.1. cm2 in area, the optimum yield of nitrate:nitrite occurs at a 

  pump speed of 2.5.  If air is accidentally forced into the column, pumping  
   maximum speed may dislodge.  Too much air will degrade the columns. 

 
10.3.5 Procedure. 
 

10.3.5.1 To each 50 ml sample (from Step 10.1.3), add 2 ml ammonium chloride 
  buffer.  Swirl.  

 
10.3.5.2 Pass through cadmium reduction column, discarding first 25 ml.  Within 1 
hr, 

  perform nitrate-nitrogen determination to second 25 ml.  [how?] 
 

10.3.6 Clean-up. 
 
10.3.6.1 Rinse columns after using with 0.05 M H2SO4 (3 ml conc. to 1.0 l), 

pumping 
  at maximum speed.  Store columns filled with buffer (2 ml to 50 ml d.d.  

  water). 
 
10.3.7 References. 
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  Wetzel and Likens, Limnological Analyses 
   Strickland and Parsons 1977 

  Nydahl 1976.  Talanta 23: 349. 
   buffer developed in house  [what is it?] 
 

10.4 Nitrite-Nitrogen Method 
 

10.4.1 Summary. 
 
    [??].  Nitrite-nitrogen is determined in conjunction with nitrate-nitrogen 

(Step 
  10.3) 

 
10.4.2 Equipment. 
 

10.4.2.1 Cadmium reduction column?? 
 

10.4.3 Reagents. 
 
10.4.3.1 Ammonium chloride buffer (same as in Step 10.3.3.1) - dissolve 100 g 

  ammonium chloride and 50 g sodium borate (Na2B4O7
 . 10H2O) in d.d. 

water 
  to give 1.0 l final volume.  Shelf life unknown.  For rinsing columns prior 

to 
  use, dilute 40 ml into 1 l. 

 
10.4.3.2 Sulfanilamide Solution - dissolve 5.0 g sulfanilamide in a solution of 50 
ml 

  concentrated HCl and 300 ml d.d. water.  Dilute to 500 ml.  Shelf life 
many 

  months. 
  
10.4.3.3 Naphthylethylene Solution - dissolve 500 μg of N-(1-naphthyl) ethylene 

  diamine dihydrochloride in 500 ml d.d. water.  Store in amber bottle.  
Renew 

  once per month or when brown color appears. 
 

10.4.4  Standard 
 
10.4.4.1 Dissolve 699 μg pre-desiccated NaNO2 (69.00 g mole-1) in d.d. water to 

make 
  500 ml. This gives a 20 mM solution.  Dilute as needed. 

 
10.4.5 Procedure.  If proceeding from nitrate analysis [?? from which step], start 
  with Step 10.4.5.2. 

 
10.4.5.1 To each 25 ml sample (from Step 10.1.3), add 1.0 ml ammonium chloride 

  buffer.  Swirl.  
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10.4.5.2 Add 500 μl sulfanilamide solution.  Swirl. 
 

10.4.5.3 Wait 6 min.  Then add 500 μl naphthylethylene solution.  Swirl. 
 
10.4.5.4 Measure [spectrophotometrically?] at 543 nm after 10 min but before 2 

hr. 
   

10.4.6 Clean-up. 
 
10.4.7 References. 

 
  Strickland and Parsons 1977 

  buffer developed in house 



 

26 

 

SOP # 005 Dissolved Nitrite & Nitrate  
ACADEMY OF NATURAL SCIENCES 

ENVIRONMENTAL RESEARCH DIVISION 
Procedure No. P-16-48. Rev. 1(7/03)  

 
Dissolved Nitrite and Nitrate in Natural Waters  

Prepared By: Paul Kiry  
 

Dissolved Nitrite and Nitrate in Natural Waters  

1.0 METHOD  

The buffered sample (pH 8.5) is passed through a column containing copperized cadium to 

reduce nitrate to nitrite. The nitrite (the original in the sample plus reduced nitrate) is 

determined by diazotization with sulfanilamide and coupling with N-(1-naphthyl)-

ethylenediamine dihydrochloride to form an azo dye measured at 540 nm(1).  

 

2.0 INTERFERENCES  

Pre-filter turbid samples prior to analysis. EDTA is added to eliminate intereference from 

iron, copper, or other metals. Adjust samples to pH 5 to 9 with either concentrated HCL or 

NH4OH. Samples containing large concentrations of oil and grease must be extracted with 

an organic solvent (1). Samples containing sulfide cannot be determined by this method 

without first removing the sulfide by precipitation with cadium salts (2). Norwitz and 

Keliher (3,4) have compiled a comprehensive study of interferences in the 

spectrophotometric analysis of nitrite.  

 

3.0 SAMPLE HANDLING AND PRESERVATION  

Determine unpreserved samples as soon as possible. Analysis within 24 hours require 

refrigeration at 4C. Samples may be preserved with sulfuric acid to a pH 2.0. Holding time is 

28 days (5). Do Not preserve samples with mercuric chloride. Samples may be frozen (6).  

 

4.0 REAGENTS  

Also see Table 1.  

4.1 Working Reagent  Ammonium Chloride-EDTA buffer Stock Buffer 200 mL Brij-35, 

30% (4 drops) 0.2 mL Add 4 drops Brij-35 to each 200mL of stock buffer requred. Mix well.  

4.2 Color Reagent (500 mL) Phosphoric Acid, concentrated 50 mL Sulfanilamide  20g N-1-

naphthylenediamine Dihydrochloride  1g Deionized water  
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Cautiously add 50 mL of concentrated phosphoric acid to 400 mL of deionized water 

(while stirring) contained in a 500 mL volumetric flask. Dissolve 20 g  of sulfanilamide 

and 1 g N-1naphthylethylenediamine dihydrochloride in the phosphoric acid solution. 

Dilute to the mark with deionized water. Store in a brown bottle and keep in the dark 

when not in use. Reagent is stable for several months.  

4.3 Granulated Cadmium 30-60 mesh 2% Copper sulfate (1L) Coppersulfate 20g Deionized 

water  

Dissolve 20 g of copper sulfate in 500 mL of deionized water contained in a 1L volumetric 

flask. Dilute to the mark with deionized water.  

4.4 Hydrochloric acid, 6 N (100 mL) 

Hydrochloric acid, concentrated 50 mL 

Deionized water  

Dilute 50 mL of concentrated hydrochloric acid contained in a 100 mL volumetric flask to 

the mark with deionized water.  

 

5.0 PREPARATION OF COPPERIZED-CADMIUM  

5.1 Clean cadium granules with 6 N HCl. Cadium should appear silver. Rinse well 

with deionized water.  

5.2 Swirl cleaned cadmium in 50 mL portions of 2% copper sulfate for 5 minutes or until 

blue color partially fades, decant and repeat with fresh copper sulfate until a brown colloidal 

precipite forms.  

5.3 Gently wash the copperized cadmium with deionized water to remove all the precipitated 
copper. Cadmium should appear black.  

6.0 COLUMN PREPARATION  
 

6.1 Preparation of cadmium reductor column ( Reductor column is a glass tube 

0.050"ID, 0.140"OD, 1/2" long)  

6.1.1 Remove tubing assembly from the glass column.  

6.1.2 Insert a plug of pyrex glass wool or plastic foam into one end of the glass column.  

6.1.3 Replace the tubing assembly on the same end as the plug. The glass wool prevents  

3  
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cadmium granules from migrating.  

6.2 Column packing  

6.2.1 Hold the glass column vertically. The polyethylene extension should be parallel to the 

glass column.  

6.2.2 Using a wash bottle or a pipet, fill the column/tubing assembly with deionized water.  

6.2.3 Using a disposable polyethylene transfer pipet (6") carefully aspirate a slurry of 

copperized cadmium into the pipet.  

6.2.4 Place the pipet tip onto the top of the glass column.  

6.2.5 Allow the cadmium to fall into the column. Tap the column gently to facilitate 

even packing. Avoid trapping air bubbles in the column.  

6.2.6 Repeat steps 3-5 until the column is filled 1/8-1/4" from the top.  

6.3 Installation of column on the manifiold.  

6.3.1 After stable hydraulics are obtained on water .....  

6.3.2. Pump working buffer. Allow to stabilize 5-10 minutes.  

6.3.3 Verify debubble fitting is removing all bubbles prior to column position.  

6.3.4 With the pump running, gently remove the jumper tubing from thr manifold.  

6.3.5 Install the packed column and verify that no gaps exist between the debubbler and 

the column.  

6.3.6 Allow hydraulics to stabilize.  

6.4 Column removal and storage  

6.4.1 With buffer still being pumped through the column, turn OFF the pump.  

6.4.2 Remove the column and replace the jumper. Turn on the pump and flush the manifold 

with deionized water.  

6.4.3 Connect inlet and outlet tubing of the column with a N-13 nipple. Verify there are no 

bubble trapped in the assembly.  

7.0 CALIBRANTS  
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7.1 Purchase a 1000 mg NO3-N/L certified reference standard (CRS) that is NIST traceable.  

7.2 Working Calibrants ( 100 mL)  

Use adjustable, microliter pipets to add the designated volumes of stock calibrant to the 

required number of volumetric flasks that each contain approximately 50 mL of deionized 

water. Dilute each solution to the mark with deionized water and mix it well. Keep these 

solutions tightly sealed. If the samples are preserved with sulfuric acid, add acid in the same 

proportion to each volumetric flask.  

Prepare a stock standard of 100 mg NO3-N/L by diluting 10 ml of the stock 1000 mg/L to 

100 ml with deionized water (DI).  

Prepare calibrants in the desired range as suggested by the table below.  

Working calibrants should be prepared fresh as required.  

2.0 mg/L = 2.0ml @ 100mg/L & QS to 100ml with DI  
1.5 mg/l = 1.5ml @ 100mg/L & QS to 100ml with DI  

1.0 mg/l = 2.0ml @ 100mg/L & QS to 200ml with DI  
1.5 mg/l = 1.5ml @ 100mg/L & QS to 100ml with DI  

0.5 mg/l = 0.5ml @ 100mg/L & QS to 100ml with DI  

0.2 mg/l = 0.2ml @ 100mg/L & QS to 100ml with DI  
0.1 mg/l = 0.2ml @ 100mg/L & QS to 200ml with DI  

0.05 mg/l = 0.1ml @ 100mg/L & QS to 200ml with DI  

0.02 mg/l = 1.0ml @ 2.0mg/L & QS to 200ml with DI  

0.0 mg/L = Deionized water  

7.3 Preparation of nitirite-N check standard. This standard is used to check the efficiency of 

the column.  

7.3.1 Purchase a 1000 mg NO2-N/L certified reference standard (CRS) that is NIST 

traceable.  

2.0 mg NO2-N/L = 0.2ml @ 1000 mg/L and QS to 100ml with DI  

8.0 CALIBRATION  

Run the standards from the highest to the lowest. Include deionized water as the lowest 

concentration and assign it a value of 0.0 mg/L. The correlation coefficient for the curve 

should be > 0.995 and > 0.999 is preferred.  
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9.0 RUNNING SAMPLES  

After calibrating, the initial QC samples should be run as a check of the calibration curve. If 

the curve is found to meet the QC criteria the sample run can begin. Refer to the Alpkem 

RFA 300 analytical methods notebook found in the laboratory for more specifics  about the 
analysis. All samples should be within the range of the standards. Samples that are off scale 

should be diluted and rerun. Make a note of the dilution factor.  

10.0 QUALITY ASSURANCE  

At the beginning and end of each run, run a QC sample (NIST traceable) with known 

concentration, a calibration standard and a blank. Sample duplicates, sample spikes, a 

calibration standard and blanks should be run at a frequency of 10%. Blanks should read no 

greater than two times the detection limit. Other values should meet the criteria as set forth in 

the specific project QAPP. If a value is not acceptable, the problem should be resolved and 

samples rerun from the point where the QC’s were found to be in control. The detection limit 

is about 0.01mg/L.  

**Operation Notes**  
1.   The column may be conditioned by running a mid scale standard through the manifold 

for 10-. 15minutes.  

2.   Column life expectancy data is unavailable at this time. It is recommended that a nitrite 

standard of the same nominal concentration as the high scale standard as a check on 

column reduction efficiency.  

3.   This SOP has described the general operation and procedures for the ALPKEM RFA 300 
system. Manuals and notebooks in the laboratory contain more information about the 

analysis and should be referred to by the analyst.  
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Table 1: Nitrite/Nitrate Reagents  

Ammonium Chloride:  500 mL 1 L  

NH4Cl 42.5g 85g EDTA 0.05g 0.1g NH4OH 5 mL                                      
10 mL  

0.05 mL Brij/200 mL of working solution       
Color Reagent: 250 mL                                  500 mL  

Phosphoric acid 25 mL                                    50 mL Sulfur 10g 

20g NED 0.5g 1.0g 
 0.1 mL Brij/100 mL solution  

 



 

34 

 

 



 

35 

 

 



 

36 

 

 



 

37 

 

 



 

38 

 

 



 

39 

 

 



 

40 

 

 



 

41 

 

 



 

42 

 

 



 

43 

 

 



 

44 

 

 



 

45 

 



 

46 

 

  
 

SOP # 006 %OM 
THE ACADEMY OF NATURAL SCIENCES PATRICK CENTER FOR ENVIRONMENTAL 

RESEARCH         Procedure No. P-16-113          Rev. 1 (12/00)  

 

Determination of Dry Weight and Percent Organic Matter for Sediments, Tissues and 

Benthic Algae  

 
Prepared By: Paul Kiry, David Velinsky and Anne-Marie Compton  

 

 

Determination of Dry Weight and Percent Organic Matter for Sediments, Tissues and 

Benthic Algae  

 

1. METHOD.  

 
1.1. Gravimetric determination of solid phase dry weight and percent organic matter for 
sediments, tissue, and benthic algae samples.  

2. METHOD SUMMARY.  

2.1. A well-mixed sample is weighed in a pre-weighed dish and dried to constant weight at 

103-105EC. The dried material is combusted at 550EC for 1 hour and cooled until constant 

weight for ash weight.  

3. APPARATUS.  

3.1. Aluminum pan for dry weight or a pre-labeled porcelain dish for dry weight and ash 

weight.  

3.2. High temperature furnace, 550EC  

3.3. Drying oven, 103-105
o

C.  

3.4. Desiccator and fresh desiccant.  

3.5. Analytical balance, capable of weighing to 0.1 mg.  

3.6. Forceps and scoop (2).  

3.7. High temperature insulated-gloves  

3.8. Long tongs or forceps  

3.9. Cooling tray  

3.10. Double deionized water (DDW) in a squeeze bottle.  

4. PROCEDURE.  
 

4.1. Dry Weight at 103-105EC  
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4.1.1. Place a cleaned Al pan in the drying oven at approximately 105EC for one hour. Remove the 

pan using forceps and place in a desiccator to cool for 1 Rev. 1 (12/00)  
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hour (use similar times throughout). Using forceps place the pan on the 

balance for weighing. Repeat the drying cycle until a constant weight is 

obtained (weight loss/gain is less then 0.5 mg). Keep pan in a dry, dust 

free location for storage.  

4.1.2. Weigh into the pan a known amount of sediment, tissue or benthic algae, 

being sure to homogenize the sample prior to transfer.  

4.1.3. Place the pan+solid material into the drying oven (103-105EC) for at least 24 

hr. Remove the pan and solid phase material using forceps and place into a 

desiccator to cool for 1 hr (use similar times throughout). Using forceps place 

the pan and dried material on the balance and record weight. Repeat the 

drying cycle until a constant weight is obtained (weight loss/gain is less then 

0.5 mg).  

4.1.4. Calculate the % Solids as the ratio of the dry weight to total wet weight, 

times 100; subtracting out the weight of the pan:  

% Solids = ((Dry Weight+Pan Weight) - Pan Weight) X 100 ((Wet 

Weight+Pan Weight) - Pan Weight)  

4.2. Percent Organic Matter at 550EC.  

4.2.1. For this procedure, substitute a pre-etched or labeled porcelain dish for the Al 

pan in Step 4.1.1. The dish should be pre-heated to 550EC for 1 hour and 

weighed to constant weight.  

4.2.2. Follow Steps 4.1.2 to 4.1.3 to first obtain the dry mass of material.  

4.2.3. Place the dish with dried material into pre-heated (550EC) furnace for 1 

hour. NOTE: Use high temperature gloves and long tongs to handle dishes. 

Also, if sample contains high amounts of organic matter heat sample 

slowly to 550EC to avoid flame combustion.  

4.2.4. Remove dishes from furnace and place onto cooling tray and allow to cool to 

room temperature.  

4.2.5. Carefully wet sample with a small amount of DDW.  (This allows the minerals 

to re-hydrate after the high temperature furnace.)  Note: If sample contains 

greater than approximately 50% inorganic material the sample should be 

wetted with a few drops to ml of DDW, after the furnace and cooled, then 

dried at 103-105
o

C for 4 hours (minimum). This will re-hydrate the inorganic 

matrix of the sample.  

4.2.6. Dry samples to constant weight at 103-105EC as outlined above.  
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4.2.7. Calculate the %Organic Matter as the amount of dry mass of material 

minus the residual material at 550EC remaining in crucible divided 

by the total dry mass of material:  

Percent Organic Matter (g Residual material/g dry weight) =  

(Dry Weight+ Dish Weight) - (Residual Weight+ Dish 

Weight) (Dry Weight+Dish Weight) - Dish 

Weight  

5. REFERENCE.  

5.1. Standard Methods for the Examination of Water and Wastewater  1995. 

Edited: A.D. Eaton, L.S. Clesceri and A.E. Greenberg. 19
th

 Edition.  Fixed and 

Volatile Solids (2-57) and Periphyton Sample Analysis (10-32).  
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SOP # 007 Particulate P 
 
ACADEMY OF NATURAL SCIENCES OF 

PHILADELPHIA PATRICK CENTER FOR 

ENVIRONMENTAL RESEARCH  
Procedure No. P-16-115r1 Rev. 2 (5/07))  

 

 EXTRACTION OF PARTICULATE PHOSPHORUS FOR  SEDIMENTS AND 

SUSPENDED PARTICULATE MATERIAL  
Prepared By:  Paul Kiry 

 

Extraction of Particulate Phosphorus for Sediments and Suspended Particulate 

Material  
1. SUMMARY OF METHOD.  

1.1. Suspended particulate samples (on glass fiber filters) or sediments are combusted at 
elevated temperatures to oxidize and release P from most solid phases.  The P is then 

solublized into a weak HCl solution and analyzed using the ascorbic acid method as ortho-

phosphate (OP).  OP reacts with molybdenum(VI) and antimony(III) in an acid medium to 
form a phospho-antimonylmolybdenum complex.  This complex is subsequently reduced by 

ascorbic acid to a heteropolyblue with an absorbance maximum at 880 nm.  

2. INTERFERING SUBSTANCES.  

2.1. Ferric iron up to 70 mg/L, copper up to 10 mg/L and silica up to 10 mg/L do not 
interfere. Filter turbid samples prior to analysis (l). Silica at analysis temperatures > 40EC 

and/or <2.2 N sulfuric acid in the mixed reagent solution causes interference. Maintaining a 
temperature of 37 EC and an acid concentration of 2.45 N sulfuric acid avoids these 

conditions.  

3. SAMPLE HANDLING AND PRESERVATION.  

3.1. Water samples are filtered and the filter is frozen.  Sediment samples are frozen for 

storage.  

4. PROCEDURE FOR SUSPENDED PARTICULATE P AND SEDIMENTS.  

4.1. Muffle 47-mm, 0.7-Fm pore size Whatman GF/F glass fiber filters or equivalent at 

550EC for 90 minutes. Filters should not be brittle after pre-heating. If the filters are brittle, 

do not use and muffle new filters at a lower temperature. Check actual muffle furnace 
temperature.  

4.2. Carefully filter a known volume of water through the pre-heated filter and record the 
volume. Rinse filter with a minimum amount of DIW; approximately 2 ml.  

4.3. Carefully remove the filter from the filtration apparatus and place in a 47-mm plastic 

Petri dish or Al foil packet, and freeze until analysis.  

4.4. Carefully weigh a small amount of dried sediment (0.05g) to the nearest mg (0.000 g) 

into a 125-ml Erlenmeyer flask or equivalent glass tube (i.e., 25 ml glass test tube with 
Teflon top).  
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4.5. For analysis place the filter into a 125-ml erlenmeyer flask or equivalent container (i.e., 

25 ml glass test tube with Teflon top), for sediment into a glass tube, and add 1 ml of 25% 

magnesium nitrate to wet the filter and/or sediment, cover tube with Al foil (i.e., not Teflon 
top). Muffle tube (without top) at 550EC for 2 hr. After removing from muffle furnace add 

20 ml of 1 N HCl and allow to stand for 24 hours. Shake the flasks periodically during the 

24-hour period.  

4.6. Transfer 100 or 50 :l depending on the expected phosphorus concentration to a 2-ml 

sampler cup and dilute with 2.0 ml of deionized water and then analyze on the Alpkem 
Analyzer. Alternatively, take between 100 to 200 :l and dilute to 10 ml; analyze this solution 

for P (see below).  

5. Ortho-Phosphate Method Summary (A303-S203) RFA
TM

 Methodology Alpkem Corp. 

(1987).  

5.1. Reagents: The components of the procedure are listed below.  

5.1.1. Hydrochloric Acid (1N): 86 ml of concentrated acid to 1000 ml of deionized water 
(DIW).  

5.1.2. Diluent: 0.3 ml of Levor IV to 1000 ml of DIW. This is used only if online dilution is 
done.  

5.1.3. Stock Sulfuric Acid, 5N H2SO4 (500 ml): Cautiously add 70 ml of concentrated 
sulfuric acid to 300 ml of deionized water contained in a 1000-ml erlenmeyer flask. Cool to 

room temperature and transfer to a 500-ml volumetric flask.  Dilute to the mark with 

deionized water.  Caution: The dilution of sulfuric acid in water generates a great 

amount of heat.  

5.1.4. Stock Antimony Potassium Tartrate (100 ml) (APT; (K(SbO)C4H4O61/2H2O; FW 
333.94). Dissolve 0.3 g of antimony potassium tartrate in 80 ml of deionized water contained 

in a 100-ml volumetric flask.  Dilute to the mark with deionized water. Store at 4EC in a dark 

bottle.  

5.1.5. Stock Ammonium Molybdate (100 ml) (AMMO: (NH4)6MO7O24 * 4H2O (FW 

1235.95)): Dissolve 4 g of ammonium molybdate in 70 ml of deionized water contained in a 
100-ml volumetric flask.  Dilute to the mark with deionized water.  Store at 4EC in a 

polyethylene bottle.  

5.1.6. Stock Ascorbic Acid (100 ml) (AA: C6H8O6 (FW 176.13): Dissolve 1.8 g of ascorbic 

acid in 70 ml of deionized water contained in a 100-ml volumetric flask.  Dilute to the mark 

with deionized water. Stable for 1 week if stored at 4EC.  

5.1.7. Working Reagent (100 ml); Stock Sulfuric Acid (50 ml):Stock Antimony Potassium 

Tartrate (5 ml): Stock Ammonium Molybdate (15 ml): Stock Ascorbic Acid (30 ml).  

5.2. Add reagents in the order stated above and mix after each addition.  Prepare reagent 

daily.  

5.3. NOTE: Alternate Working Reagents (prevents excessive baseline drift and improves 

resolution).  
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5.3.1. Ascorbic Acid Reagent: Dissolve 0.54 g of ascorbic acid in 100 ml of deionized water 

in a 100-ml volumetric flask. Transfer to a 125-ml erlenmeyer flask, add two drops of Levor 

IV and mix.   

5.4. NOTE: Alternate Combined Reagent: Combine and mix in this order. 45 ml 5N H2SO4, 

15 ml DI, 5 ml APT, 15 ml AMMO.  

5.5. P Standards.  

5.5.1. Stock 100 mg P/L (1L): Potassium Dihydrogen Phosphate (KH2PO4 FW 136.09): 

Dissolve 0.4393 g of dry potassium dihydrogen phosphate in approximately 900 ml of 

deionized water contained in a 1-L volumetric flask.  Dilute the solution to the mark with 
deionized water. Alternatively purchase a stock 1000 mg/L stock srandard that is NIST 

traceable.  

5.5.2. Working Standards: Use adjustable, microliter pipets to add the designated volumes of 

stock standard, tabulated below, to the required number of volumetric flasks that each contain 
approximately 85 ml of deionized water and mix well.   Keep these solutions tightly sealed.  

Prepare working standards daily.  If samples are preserved with sulfuric acid, add acid in the 

same proportion to each volumetric flask.  

5.5.3. Prepare standards in the desired range as suggested below. From a 1000 mg/L stock 

prepare a 10.0 mg/L working stock by diluting 1 ml of the 1000 to 100 ml with DIW.  

6. REFERENCES.  
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6.1. Standard Methods for the Examination of Water and Wastewater, 14
th

 Ed.1975, p.  
625.  

6.2. Methods for Chemical Analysis of Water and Wastewater, March 1984, EPA-600/4-

79-020, “Sample Preservation”, p. xvii, Environmental Monitoring and Support 

Laboratory, Office of Research and Development, U.S. Environmental Protection 

Agency, Cincinnati, OH. 45286.  

6.3. Methods for Chemical Analysis of Water and Wastewater, March 1984, EPA- 600/4-

79-020, “ Phosphorous, All Forms”, Method 365.1 (Colorimetric, Automated 

Ascorbic Acid).  

6.4. Methods for the Determination of Chemical Substances in Marine and  Estuarine 

Environmental Samples, November 1992, EPA/600/R-92/121, Method 

365.5.  

6.5. Nutrient Analytical Services Laboratory, Chesapeake Biological Laboratory, 

University of Maryland, Center for Environmental Science, Solomons, 

Maryland 20688-0038, Standard Operating Procedures, Technical Series No. 

158-97.  

6.6. Aspila, I., H. Agemian and A.S. Y. Chau. 1976. A semi-automated method for the 

determination of inorganic, organic and total phosphate in sediments. Analyst 101:187- 
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SOP # 008 Porewater 

 
 
Prepared By: Paul Kiry and David Velinsky  

Ammonia+Ammonium-N Determination by the Alpkem Continuous Flow 

Analyzer (A303-S020).  

1.0 Purpose  
The purpose of this procedure is the preparation of pore water samples for the 

collection of filtered water for dissolved nutrients (including ammonia+ammonium).  

Other chemical constituents can be collected with modifications of this procedure.  

 

2.0 Scope  

This field method is applicable to most types of types of sediments. Various methods can be 

used to separate pore fluids from sediments and different types of filters can be used 

dependent on the type of filtered constituents that are sought. Caution must be noted due to 

the type of syringe and the plastic components.  The typical Beckman all plastic syringe has a 

black rubber plunger which is not suitable for trace metals and organic contaminants.  

 

3.0 Apparatus/Equipment  

a) HDPE pre-cleaned bottles or appropriate cleaned bottles (suitable for the small sample 

size) (See Cleaning SOP: In brief, rinse bottle with micro soap, deionized water (DI) 

water rinse, soak in 0.5N HCL for two days, rinse with copious amounts of DI water)  

b) 60 ml pre-cleaned plastic syringe (Beckman).  Can use all glass syringe for organic  
compounds. c) Gelman 25 mm pre-cleaned filter holder. d) 2 Metal tweezers e) 25 mm 

Whatman GFFs and/or pre-combusted (pre-heated at 450
 o

C for 2 hrs) for dissolved  

organic carbon (DOC). Other filters can be used dependent on chemical sought. f) 60 ml 
pre-cleaned glass or Teflon bottles (DOC) g) Large quantities of high quality deionized water 

(DIW) with squeeze bottle. Volume  

dependent on the amount samples being collected.  The DI water must have 

a resistance of > 14 mhos; e.g., double deionized water, distille d deionized 

water. h) Large quantities of dilute HCL (0.5N HCL) and squeeze bottle for 

rinse acid. Volume  

dependent on the amount samples being collected. i) Bench top centrifuge j) Appropriate 

sized centrifuge tubes  

THE ACADEMY OF NATURAL SCIENCES   
Patrick Center for Environmental Sciences   

 Procedure No. P-16-97  

 Rev. 1A (7/99)  



 

55 

 

 

 

4.0 Sample Centrifugation and Filtration  

Centrifugation  

Sediment samples are placed into centrifuge tubes as quickly and carefully as possible.  It 

may be necessary to perform this task in a N
2
 purged glovebag, depending on the parameter 

of interest. The centrifuge tube is placed into the centrifuge and spun at 2000 to 3000 rpm 

for at least 10 minutes or until sufficient pore fluids are obtained.  The pore fluids from 

multiple tubes can be combined after centrifugation into pre-cleaned bottles prior to 

filtration.    

Filtration  

1) Rinse equipment (syringe, pitcher, filter holder, etc) with a little dilute HCL  and 

copious amounts of DIW.  

2) Place filter into filter holder using tweezers and wet filter with a little DI water. NOTE: 

matted side of filter towards metal screen.  Carefully place the 0-ring into the filter 

holder and screw top back on; finger tight only  

3a) Do filtration blank first: Use DI water as “sample” water. Use all cleaned 

collection equipment.  

3b) Collect water or pore fluids and place into pre-cleaned syringe, be sure to rinse syringe 

with a minium amount of samples (i.e., as much as can be spared).  Connect filter holder 

and rinse filter holder and collection bottle with pore fluids.  

4)  Rinse collection bottle three times with between 1 to 5 ml of filtrate each time (use a 

minium amount of water.  Begin filling bottles. NOTE: If filter becomes clogged because 

of too much particulate matter (i.e., high turbidity), place new filter in holder, rinse filter 

and discard rinsate, and proceed. If syringe is empty and more water is needed, remove 

filter holder, fill syringe, rinse filter with sample water, and continue to fill bottles.  FILL 

COLLECTION BOTTLE ONLY 3/4 FULL WITH FILTRATE.  

5) Cap bottle or tube tightly and wrap top with a little parafilm (this can be done at the end of 

the day). Record sampling information in field book and label bottle on bottles with 

sharpie (Do not use regular felt tip pen). Place bottle in cooler (keep upright at all times) 

with either wet or dry ice.  

6)  In between stations in a day, rinse filtration equipment with a little dilute HCL and 

copious amounts of DI water. Place syringe, filter holder and collection cup into a clean 

field plastic bag for transport.  

7)  Make sure all bottles are labeled and recorded in field book. Filtered nutrient and 
DOC samples need to be frozen immediately using dry ice (keep bottles upright at all times) 

or kept cold until end of day.  
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SOP # 009 O-P & TP 

 
ACADEMY OF NATURAL SCIENCES OF 

PHILADELPHIA PATRICK CENTER FOR 

ENVIRONMENTAL RESEARCH  
Procedure No. P-16-95 Rev. 3(7/03)  

 

ORTHO-PHOSPHORUS AND TOTAL PHOSPHORUS DETERMINATION BY THE 

ALPKEM CONTINUOUS FLOW ANALYZER A303-S203  

Prepared By: Paul Kiry  

RFA 
TM

 Methodology (Alpkem Corporation, 1987)  

Ortho-Phosphate (A303-S203) Page 1 of 5  

Summary of Method Ortho Phosphate reacts with molybdenum(VI) and antimony(III) in an 

acid medium to form a phosphoantimonylmolybdenum complex. This complex is 

subsequently reduced by ascorbic acid to a heteropolyblue with an absorbance 

maximum at 880nm.  

Interfering Substances Ferric iron up to 70mg/L, copper up to 10mg/L and silica up to 

10mg/L do not interfere. Filter turbid samples prior to analysis (l).  

Sample Handling and Preservation Analyze samples as soon as possible. Samples may be 

held for 48 hours if refrigerated at 4
0

C (2). Or frozen for 2 months.  

Reagents  

Levor IV Stock Sulfuric Acid, 5N (500mL) Sulfuric Acid (conc): 70mL H
2
SO

4
 (FW 

98.08) Deionized Water  

Cautiously add 70mL of concentrated sulfuric acid to 300mL of deionized water 

contained in a 1000mL volumetric flask. Cool to room temperature and transfer to a 

500mL volumetric flask. Dilute to the mark with deionized water.  

Caution: The dilution of sulfuric acid in water generates a great amount of heat.  

Stock Antimony Potassium Tartrate (100mL) (APT) Antimony Potassium Tartrate: 

0.3 g K(SbO)C
4
H

4
O

6
1/2H

2
O (FW 333.94) Deionized Water  

Dissolve 0.3 g of antimony potassium tartrate in 80mL of deionized water 

contained in a 100mL volumetric flask. Dilute to the mark with deionized water. 

Store at 4
O

C in the dark.  

Stock Ammonium Molybdate (100mL) (AMMO) Ammonium Molybdate: 4 g 

(NH
4
)

6
MO

7
O

24
 * 4H

2
O (FW 1235.95) Deionized Water  
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Dissolve 4 g of ammonium molybdate in 70mL of deionized water contained in a 100mL 

volumetric flask. Dilute to the mark with deionized water. Store at 4
O

C in a polyethylene 

bottle.  

Stock Ascorbic Acid (100mL) (AA)  

Ascorbic Acid: 1.8 g C
6
H

8
O

6
 (FW 176.13)  

Deionized Water  

Dissolve 1.8 g of ascorbic acid in 70mL of deionized water contained in a 100mL volumetric 

flask. Dilute to the mark with deionized water. Stable for 1 week if stored at 4
O

C.  

 

Add reagents in the order stated and mix after each addition. Prepare reagent daily.  

Alternate Working Reagents (Prevents excessive baseline drift and improves resolution)  

Ascorbic Acid Reagent: Dissolve 0.54 g of ascorbic acid in 100ml of deionized water in a 

100ml volumetric flask. Transfer to a 125ml erlenmeyer flask , add two-six drops of Levor 

IV and mix.  

Alternate Combined Reagent: Combine and mix in this order. 45ml 5N H2SO4, 15ml DI, 

5ml APT, 15ml AMMO.  

Calibrants  

Stock 100 mg P/L (1L)  

Potassium Dihydrogen Phosphate: 0.4393 g KH
2
PO

4
 (FW 136.09)  

Deionized Water  

Dissolve .4393 g of dry potassium dihydrogen phosphate in approximately 900mL of 

deionized water contained in a 1L volumetric flask. Dilute the solution to the mark with 

deionized water.  

Stock 1000mg P/L (1L) Purchase a 1000mg P/L certified reference standard (CRS).  

Working Reagent (100mL)  

Stock Sulfuric Acid, 5N  50mL  

Stock Antimony Potassium Tartrate  5mL  
Stock Ammonium Molybdate  15mL  

Stock Ascorbic Acid  30mL  
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Working Calibrants Prepare a 10 mg/L P standard by making a 10 ml to100 ml dilution of the 

100 mg/L stock or a 1 ml to 100 ml dilution of the 1000 mg/L stock in a volumetric flask 

with DI water. Then prepare the following standards.  

Use adjustable, microliter pipets to add the designated volumes of stock calibrant, 

tabulated below, to the required number of volumetric flasks that each contain 

approximately 85mL of deionized water and mix it well. Keep these solutions tightly 

sealed. If samples are preserved with sulfuric acid, add acid in the same proportion to 

each volumetric flask.  

Prepare calibrants in the desired range as suggested by the table below.  

Calibration  

Run the standards from the highest to the lowest. Include deionized water as the lowest 

concentration and assign it a value of 0.0 mg/L. The correlation coefficient for the curve 

should be > 0.995 and > 0.999 is preferred.  

Running Samples  

After calibrating, the initial QC samples should be run as a check of the calibration curve. If 

the curve is found to meet the QC criteria the sample run can begin. Refer to the Alpkem 

RFA 300 analytical methods notebook found in the laboratory for more specifics about the 

analysis. All samples should be within the range of the standards. Samples that are off scale 

should be diluted and rerun. Make a note of the dilution factor.  

Quality Assurance  

At the beginning and end of each run, run a QC sample (NIST traceable) with known 

concentration, a calibration standard and a blank. Sample duplicates, sample spikes, a 

calibration standard and blanks should be run at a frequency of 10%. Blanks should read no 
greater than two times the detection limit. Other values should meet the criteria as set forth 

in the specific project QAPP. If a value is not acceptable, the problem should be resolved 
and samples rerun from the point where the QC’s were found to be in control. The detection 

limit is about 0.003mg/L.  

 

Nominal Concentration (mg L-1)  Stock Calibrant Volume (mL) of 10.0mg/L  

0.003  1.0mL@0.3mg/L/100ml DI  

0.01  0.2ml/200ml DI  

0.05  1.0mL/200ml DI  

0.1  2.0mL/200ml DI  

0.2  2.0mL/100ml DI  

0.3  3.0mL/100ml DI  

0.5  5.0mL/100ml DI  

0.0  Deionized water  
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Notes: This SOP has described the general operation and procedures for the ALPKEM RFA 

300 system. Manuals and notebooks in the laboratory contain more information about the 

analysis and should be referred to by the analyst.  
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SOP # 010 TSS 

THE ACADEMY OF NATURAL SCIENCES  

 

PATRICK CENTER FOR ENVIRONMENTAL RESEARCH  
  Procedure No. P-16-104  

          Rev. 2 (8/06)  

 
NON-FILTERABLE RESIDUE and VOLATILE SOLIDS (TOTAL SUSPENDED 

SOLIDS AT 103-105
o

C) (VOLATILE SOLIDS AT 500
o

C) 

 

Prepared By: Paul Kiry and David Velinsky 

 

Non-filterable Residue and Volatile Solids  

1. METHOD.  

1.1 Gravimetric Determination of Suspended Solids in Natural Waters, and combustion for 

volatile solids analysis.  

2. METHOD SUMMARY.  

2.1. A well-mixed sample is filtered through a glass fiber or membrane filter and the residue 

retained on the filter dried to a constant weight at 103-105
o

C. For volatile solids, the filter is 

heated to 500"50
o

C for 20"5 minutes.  

3. APPARATUS.  

3.1. Glass fiber or membrane filters such as Reeves Angel 934-AH; Whatman GFF (0.7:m 
pore size), Nuclepore type, Gelman type A/E or equivalent.  

3.2. Filtering apparatus, flasks and trap. 

 3.3. Vacuum pump.  

3.4. Drying oven, 103-105
o

C; High temperature furnace (500"50
o

C)  

3.5. Desiccator and fresh desiccant.  

3.6. Analytical balance, capable of weighing to 0.1 mg.  

3.7. Forceps or Tweezers (2). 

 3.8. Aluminum weighing pans.  

3.9. Distilled de-ionized water and squirt bottle.  

4. PROCEDURE.  
 

4.1. Clean filters prior to use by placing a filter on the filtering apparatus and filtering at 

least 250 ml of deionized water (DIW).  

4.2. Place the cleaned filter in an aluminum weighing pan and put them in a drying oven 

at approximately 105
o

C for one hour. Remove the filter and place in a desiccator 
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to cool. Using forceps place the filter on the balance for weighing. Repeat the 

drying  
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Procedure No. P-16-104r2  

cycle until a constant weight is obtained (weight loss/gain is less then 0.5 mg).  

Keep filter in a dry, dust free location for storage.  

If doing volatile solids, filters need to heated to 500"50
o

C for 20 minutes. Note: 

can  not heat aluminum pans to this temperature, need to use porcelain crucible 

or  equivalent material to hold filters at this high temperature. Heat to 500
o

C, 

then place in drying oven to 105
o

C for one hour, then into desiccator to cool (as 

above)  

4.3. Filtering. Assemble the filtering apparatus and place the filter on the filtering flask. 

Mix the sample vigorously and quantitatively transfer a known volume of 

sample (usually 250 ml) and start the pump. The exact volume of sample filtered 

will depend on the level of suspended solids in the sample. Care must be taken to 

know the volume of sample filtered. It is recommended that a graduated cylinder 

be used to measure out known sample volumes.  

4.4. Apply vacuum until the required sample volume has been filtered. Filter 

approximately 50 ml of deionized water through filter to rinse dissolved solids 

from filter.  Remove the filter from the filtering apparatus and place the filter 

back in the same aluminum pan and in the drying oven for one hour and repeat 

the step 4.2 until a constant weight is obtained.  

4.5. Calculate the non-filterable residue as the weight gain of the filter after 

filtration. Report results as mg/L.  

   non-filterable residue, mg/L = (A-B) x 1,000,000  

C where: A = weight of filter + 

residue+aluminium pan (in grams). B = weight of filter + aluminium pan (in 

grams). C = ml of sample filtered.  

4.6. Volatile Solids: Take filter from above, place in appropriate container for high 

temperature, and heat to 500" 50
o

C for 20 minutes. Remove filter and container 

from furnace and allow to cool slightly. Carefully wet sample with a small 

amount of DDW. (This allows the minerals to re-hydrate after the high 

temperature furnace.)   Dry the re-wetted sample at 103-105
o

C for 4 hours 

(minimum), then transfer to desiccator. Weigh filter to constant weight (repeat the 

step 4.2 until a constant weight is obtained).  

   Volatile non-filterable residue (mg/L) =  (D - F) X 1,000,000  

C where: D = weight of filter + 

residue+dish before ignition (in grams).  
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Procedure No. P-16-104r2  

F = weight of filter + remaining residue+dish after ignition (in 

grams). C = ml of sample filtered.  

NOTE: The filtrate can be used for dissolved solids.  The filter may be saved frozen and 

saved for volatile solids, particulate phosphorus and stable isotope analysis.  

5. REFERENCE.  

5.1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 

"Residue", non-filterable, Method 160.2, Environmental Monitoring and Support 

Laboratory, Office of Research and Development, United States Environmental 

Protection Agency. Cincinnati, OH 45268.  

American Public Health Association, American Water Works Association and 

Water Pollution Control Federation (APHA, AWWA and WPCF) 1992. 

Standard methods for the examination of water and wastewater, 18th ed. 

Washington, DC. (Method 2540D and 2540 E)  
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SOP # 011 Dissolved Sulfate 
 
Prepared By: Paul Kiry  

DISSOLVED SULFATE (TURBIDIMETRIC)  

1.0 SCOPE AND APPLICATION  

1.1 This method is applicable to drinking and surface waters, domestic and industrial wastes.  

1.2 The method is suitable for all concentration ranges of sulfate: however, in order to 

obtain reliable readings, use a sample aliquot containing not more than 30 mg SO
4
/L.  

1.3 The minimum detectable limit is approximately 1 mg/ L sulfate.  

2.0 SUMMARY OF METHOD  
 

2.1 Sulfate ion is converted to barium sulfate suspension under controlled conditions. The 

resulting turbidity is determined by a spectrophotometer and compared to a curve prepared 

from standard sulfate solutions.  

2.2 Suspended matter and color interfere. Correct by running blanks from which the 

barium chloride has been omitted.  

2.3 Silica in concentrations over 500 mg/L will interfere.  

3.0 COMMENTS  
 

3.1 Preserve by refrigeration at 4
o
C. Analyze within 28 days of collection.  

4.0 APPARATUS  
 

Magnetic stirrer, variable speed so that it can be held constant just below splashing. 

Use identical shape and size magnetic stirring bars. Spectrophotometer for use at 420 

nm with light path of 1.0 cm (Shimadzu UV-1601). Two timers. The mechanical 

THE ACADEMY OF NATURAL SCIENCES   
ENVIRONMENTAL RESEARCH DIVISION   

 Procedure No. P-16-100  

Dissolved Sulfate (TURBIDIMETRIC)�Rev. 1 
(7/2003)  

Rev. 1 (7/2003)  
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timer and a stopwatch. Measuring spoon, capacity 0.2 to 0.3 mL. A 25 ml graduated 

cylinder. A 100 ml beaker. Pipet 1-5 ml, pipet 0-250 uL.  
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Deionized water, minerals QC sample NIST traceable, spike solution (1000 mg/L 

SO4 NIST traceable). Data sheet and graph paper. Calculator.  

5.0 REAGENTS  

5.1 Conditioning reagent: Place 30 mL concentrated HCl, 300 mL distilled water, 100 mL 

95% ethanol or isopropanol and 75 grams NaCl in solution in a container. Add 50 mL 

glycerol and mix.  

5.2 Barium 

chloride(BaCl
2
): 

Crystals, 20 to 30 

mesh.  

5.3 Stock sulfate solution (1000 mg/L):  

5.3.1 Stock sulfate solution from Na
2
SO

4
: Dissolve 1.4787 grams anhydrous Na

2
SO

4
 in 

distilled water in a 1 Liter volummetric flask and dilute to the mark with distilled water.  

5.3.2 A 1000 mg/L SO4 standard (NIST traceable) commercially available.  

6.0 PROCEDURE  
 

6.1 Formation of barium sulfate turbidity  

6.1.1 Place 25 mL sample, or a suitable portion diluted to 25 mL into a 100 mL beaker.  

6.1.2 Add exactly 1.25 mL conditioning agent (5.1).  

6.1.3 Mix in the stirring apparatus.  

6.1.4 While the solution is being stirred, add a measuring spoonful of BaCl
2
 crystals (5.2) 

and begin timing immediately.  

6.1.5 Stir exactly 1.0 minute at constant speed.  

6.2 Measurement of barium sulfate turbidity.  
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6.2.1 Immediately after the stirring period has ended, pour solution into absorbance cell.  

6.2.2 Measure turbidity at 30 second intervals for 4 minutes.  

6.2.3 Record the maximum reading obtained in the 4 minute period.  

6.3 Preparation of calibration curve.  

6.3.1 Prepare calibration curve using standard sulfate solution (5.3).  

6.3.2 Above 50 mg/L the accuracy decreases and the suspensions lose stability.  

6.3.3 Check reliability of calibration curve by running a standard or quality control sample 

with every 10 samples.  

6.3.4 Standard preparation:  

28.0 mg/L = 0.7 mL of 1000 mg/L SO
4
 and 24.3 mL deionized water in a 100 mL beaker.  

24.0 mg/L = 0.6 mL of 1000 mg/L SO
4
 and 24.4 mL deionized water in a 100 mL beaker.  

20.0 mg/L = 0.5 mL of 1000 mg/L SO
4
 and 24.5 mL deionized water in a 100 mL beaker.  

16.0 mg/L = 0.4 mL of 1000 mg/L SO
4
 and 24.6 mL deionized water in a 100 mL beaker.  

12.0 mg/L = 0.3 mL of 1000 mg/L SO
4
 and 24.7 mL deionized water in a 100 mL beaker.  

10.0 mg/L = 0.25 mL of 1000 mg/L SO
4
 and 24.8 mL deionized water in a 100 mL beaker.  

8.0 mg/L = 0.2 mL of 1000 mg/L SO
4
 and 24.8 mL deionized water in a 100 mL beaker.  

6.0 mg/L = 0.15 mL of 1000 mg/L SO
4
 and 25.0 mL deionized water in a 100 mL beaker.  

5.0 mg/L = 0.125 mL of 1000 mg/L SO
4
 and 25.0 mL deionized water in a 100 mL beaker.  

4.0 mg/L = 0.1 mL of 1000 mg/L SO
4
 and 25.0 mL deionized water in a 100 mL beaker.  

3.0 mg/L = 0.075 mL of 1000 mg/L SO
4
 and 25.0 mL deionized water in a 100 mL beaker.  

2.0 mg/L = 0.05 mL of 1000 mg/L SO
4
 and 25.0 mL deionized water in a 100 mL beaker.  

1.0 mg/L = 0.025 mL of 1000 mg/L SO
4
 and 25.0 mL deionized water in a 100 mL beaker.  

7.0 CALCULATIONS AND QUALITY ASSURANCE  

mg Cl/L = (mL titrant for sample - mL titrant for blank) x 10  

% Recovery for QC = concentration of titrated QC sample/known concentration of QC x 

100%  

% Recovery for Spike = (concentration of spiked sample - concentration of sample) x 100%  

9.9  

Spike prep = 0.25 ml of 1000 mg/L SO4 + 25 ml of sample = 9.9 mg/L added.  
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Relative Percent Difference for duplicates = Absolute value of sample concentration - concentration 

of duplicate x 100% Average of sample concentration and duplicate concentration  

7.1 Read mg SO
4
/L from calibration curve:  

The curve is not a straight line at the low end. Therefore a cubic regression curve is 

used which is calculated using a TI-83 calculator. An excel spread sheet is then used 

to predict concentration.  

8.0 QUALITY ASSURANCE  

8.1 At the beginning and end of each run, run a QC sample (NIST traceable) with 
known concentration, a calibration standard and a blank. Sample duplicates, sample 

spikes, a calibration standard and blanks should be run at a frequency of 10%. Values 

should meet the criteria as set forth in the specific project QAPP. If a value is not 
acceptable, the problem should be resolved and samples rerun from the point where 

the QC’s were found to be in control.  

Note: Adjust concentration for any dilution that may have been made to the 

original sample.  

 

REFERENCES  

Methods for Chemical Analysis of Water and Wastes; 1984, EPA-600/4-79-020; "Sulfate"' 

Method 375.4 (Turbidimetric), Environmental Monitoring and Support Laboratory, Office of 

Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio 45268.  
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SOP # 012 YSI 
ACADEMY OF NATURAL SCIENCES PATRICK CENTER FOR 

ENVIRONMENTAL RESEARCH  

 
Procedure No. P-16-91 Rev. 1 (6/99)  

 

YSI 6000 UPG Data Sonde Calibration and Calibration Check  

 

 

Prepared By: Paul Kiry and David Velinsky  
 

YSI 6000 UPG DATA SONDE CALIBRATION AND CALIBRATION CHECK  

 

Equipment: Need 6000 sonde and 610DM unit, both units need to have new batteries and 

fully charged. Calibration standards include: pH 4.0, 7.0 and 10.0, de-ionized water 

(DIW), conductivity solution (1.412 mS/cm) either brought or made with salt standard 

(e.g., NaCl), turbidity calibration solution (formazin) either brought or diluted from stock 

solution.  All standards can be obtained from VWR or Fisher.  

1.0 Calibrations  
All calibrations are done through the calibration menu (D.O., pH, turbidity, conductivity-

salinity, etc.) Check if batteries in 6000 unit are fresh and Data Sonde is fully charged. Press 

Power to turn on the Data Sonde—it will be in the Run mode when it comes on.  Pressing 

ESC will take you to the main menu.  The arrow keys are used to scroll and select calibration 

from the main menu.  The enter key is used to enter the selections.(Refer to operation manual 

for more information)  

  calibration Rinse probe and cup with DI water. Shake excess water from the probe 
and place the protective cup over the probes. Do this in the evening or 30 min before 

checking calibration.  This is needed so that the atmosphere in the cup has time to equilibrate 

with the oxygen and water vapor. Turn on 610-DM, and wait until temperature and DO are 
stabilized (should be less than 10 minutes). Allow the DO probe to equilibrate for about 15 

minutes.  Read the temperature from the 610-DM (in the run mode) and select the D.O. in 
mg/L that matches the temperature from the Dissolved Oxygen Air Calibration table.  Go to 

calibration by pressing Esc to get to the main menu- use arrows to move to calibration-use 

arrows to select D.O. mg/L – then enter the  
  value selected from the table and wait for the calibration successful message.  If no 

more calibrations are required, return to the Run mode by moving back through the menu 

using the Esc key to the main menu and select Run Mode.  If you need to do more 
calibrations use the arrows to scroll up and down the list of calibration selections.  

 

pH calibration Remove the probe guard by removing the two allen head screws.  Rinse the 

probe with DI water, shake off excess, blot dry with a kimwipe. Be careful not to scratch 

the tip of the probe . Go to pH calibration and select 2 point calibration. Using a small 

beaker, place the probe into the first pH buffer (7.0), enter the value and wait for the 

“successful” message.Rinse the probe with pH 4.0 or 10.0 buffer, shake and dry as above. 

Place the probe into the second pH buffer (4.0 or 10.0), enter the value and wait for 

“successful” message. Rinse the probe with DI and return to Run mode or continue with 
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calibrations. Replace the probe guard if calibrations are completed.  

 

Conductivity Remove the probe guard by removing the two allen head screws.  Rinse the 

probe with DI water, shake off excess, blot dry with a kimwipe.  Rinse probe with a little 

standard. Go to SpCond. (mS/cm) and place the probe in the bottle containing the 1.412 

mS/cm standard and enter 1.412. Wait for “successful” message on 610 DM.  Rinse the probe 

and return to Run mode or continue with calibrations. Replace the probe guard if calibrations 

are completed.  

Turbidity Remove the probe guard by removing the two allen head screws.  Rinse the probe 

with DI water, shake off excess, blot dry with a kimwipe. Be careful not to scratch the 

bottom of the probe . Go to turbidity calibration and select 2 point calibration. Pour some 0.0 

NTU standard (DI water) into a beaker, place the probe in the beaker and enter 0.0 NTU. 

Wait for  “ successful” message.  Rinse the probe, shake and dry as above. Pour some 100 

NTU standard into a beaker and place the probe in the beaker and enter the value (100) and 

wait for “ successful” message. Rinse the probe and return to Run mode or continue with 

calibrations.  Replace the probe guard if calibrations are completed.  Press T to clean probe.  

2.0 Calibration Checks  

The calibration checks are done in the Run mode and should be completed after calibration 

and after using the sonde in the field. All data should be recorded and any variances should 

be noted.  

pH Remove the probe guard by removing the two allen head screws.  Rinse the probe with DI 

water, shake off excess, blot dry with a kimwipe.  Be careful not to scratch the tip of the 

pH probe . Place the probe in the pH buffer (7.0) and record the value. Rinse the probe and 

replace the probe guard if calibration checks are completed.  NOTE: If calibration check is 

substantially off (outside a 6.8 to 7.2 range; about +/- 2%), meter must be re-calibrated.  This 

is the maximum range, if more accuracy is needed for the specific project; re-calibrate the 

meter.  

Turbidity Remove the probe guard by removing the two allen head screws.  Rinse the probe 

with DI water, shake off excess, blot dry with a kimwipe. .  Be careful not to scratch the 

bottom of the probe . Pour some 40 NTU standard in a beaker and place the probe in the 

beaker.  Record the value. Rinse the probe with DI water and replace the probe guard if 

calibration checks are completed. NOTE: If calibration check is substantially off (outside a 

38 to 42 range; +/-5%), meter must be re-calibrated. This is the maximum range, if more 

accuracy is needed for the specific project; re-calibrate the meter.  Press T to clean probe.  

Conductivity (salinity) Remove the probe guard by removing the two allen head screws.  

Rinse the probe with DI water, shake off excess water and blot dry with a kimwipe. Place the 

probe in the bottle containing the  

1.412 ms/cm conductivity standard or a suitable salinity standard and record the value.  Rinse 

the probe and replace the probe guard if calibration checks are completed.  NOTE: If 

calibration check is substantially off (outside a 1.341 ms/cm to 1.483 ms/cm range, +/- 5%; 

or +/- 5% of the salinity standard), the meter must be re-calibrated.  This is the maximum 

range, if more accuracy is needed for the specific project; re-calibrate the meter. 



 
 

   
 

80 

    
 

SOP # 013 SET  
 
ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA 

PATRICK CENTER FOR ENVIRONMENTAL RESEARCH  
Procedure No. P-16-XX 

Rev. 0 (05/2010) 
 
 

Establishment and Installation of Benchmarks for Rod Surface Elevation Tables 
for Wetland Monitoring 

 

Prepared By:  Tracy Quirk, Roger Thomas and David Velinsky 
   

Establishment and Installation of Benchmarks for Rod Surface Elevation Tables for 

Wetland Monitoring 

1.0 Purpose 

The purpose of this procedure is for establishing and installing benchmarks for rod surface 

elevation tables (SETs) for monitoring relative elevation change of coastal wetlands.  The 
procedure for establishing SETs includes the design and determination of SET placement within 
wetlands and the procedure for installation of SETs includes all necessary supplies and 

techniques for establishing the benchmark.  
 

2.0 Scope 

Establishing benchmarks are necessary for the use of a SET, which is a portable mechanical 
leveling device for measuring the relative elevation change of wetlands.  Precise measures of 

sediment elevation in wetlands are used to determine rates of elevation change, particularly 
relative to sea level, and to gain an understanding of the processes responsible for elevation 

change. The SET provides a method for making precise measurements of sediment elevation of 
intertidal and subtidal wetlands over long periods of time relative to a fixed subsurface datum.  
The Rod SET is attached to a deep benchmark (40 – 60’) (Cahoon et al. 2002). The Rod SET is 

designed to be paired with marker horizons (MH), which allow for a distinction between surface 
and subsurface processes (see separate marker horizon SOP). 

 
Once SET benchmark is in place, at least one month is needed to allow settlement so that 
accurate position and elevation data can be obtained using RTK-GPS technology. 

 
3.0 SET Establishment 
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Within each wetland designated for monitoring, three transects perpendicular to the 

nearest main water body (ie., estuary or tidal creek) are established. Three individual 
SET-MH locations are established in interior marsh areas (i.e., not right on the creek 

bank) that are representative of the largest proportion of total marsh area.  The distance 
along transects will be dependent on the overall area of the marsh.  SET-MHs will be 
established along a distance gradient from the water along one of the three transects.  

As distance from the main water body increases, sediment availability decreases. SET-
MH locations at varying distances cover the natural gradient within the marsh.  Because 

accretion rates along creekbanks are greater than those in interior areas, SET-MH 
locations will be greater than 20 m from the creek bank or shoreline and therefore may 
provide data this is more representative of the larger marsh area. Other marsh surface 

features (i.e., mosquito ditches; interior ponds, etc.) will be avoided when locating each 
SET-MH.  To account for spatial variability in sediment dynamics at each distance, MHs 

are established along the two transects parallel to the SET-MH transect.  Where 
possible SET-MHs are established along all transects within the wetland for replication. 
 

4.0 Benchmark Installation 

 

 Supplies and Equipment   
 
a) Receivers – one receiver per sampling station  

b)  Stainless Steel benchmark rods (4’ sections) 
c) Driving tips (augers), interior screws, and pounding head 

d) Cement for securing the receiver (30 – 60 lbs/SET) 
e) 6” diameter x 23” long pvc pipe (1/SET+ 1 extra) sharpened on bottom edge 
f) Demolition hammer (e.g., Red Hawk Gas-Powered Breaker with pounding head) 

g) Cordless angle grinder (e.g., Makita) 
h) Brass Survey markers  

i) Temporary Platforms 
j) Cement tools 
k) Paper towels 

l) Duck tape 
m) Post hole digger 

n) Shooter shovel (narrow shovel) 
o) Wood block (for pounding in PVC) 
p) 5 gallon bucket(s) 

q) Sturdy work gloves 
r) Stainless steel rule to measure rod that’s cut off 

s) Garden trowel to mix cement 
t) Level 
u) Cup for emptying water from PVC 

v) Brass marker stamp 
w) 9/16” wrench (2) 
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x) Vice grips (2) 

y) Pipe wrench (2) 
z) Small sledge hammer (1)  

aa) Garbage bags (sturdy mil) 
bb) cart for wheeling equipment to installation site 

 

4.2 Method 

a) Install temporary or permanent platform.  Place boardwalk carefully around 
location selected for SET installation and readings.  Limit the amount of walking 

around location to one location if possible.  Minimize any impact to vegetation 
around SET area. 

b) Drive SS Rods into the ground: 

 Using a post-hole digger and/or sharpshooter shovel, dig a hole 6” in diameter (the diameter 
of PVC pipe). Try to make it about 1-1.5 feet deep. Remove the soil in the hole from the 
immediate area in a bucket. Make sure the hole is not deeper than the 6” PVC pipe which is 

going to go into it. For example, if you have a 24” length of 6” PVC, you will want to dig a 
hole about 12-15” deep. You can drive the PVC pipe with a sledgehammer (or pounder) into 

the underlying substrate. It helps to anchor and stablilize the benchmark. 

c) Screw together 2 sections of rod. Install the tip on the leading edge with wings (if you 
have one). Make sure connections are tight; use vise grips. 

d) Make sure the rod is vertical and push it into the hole and into the ground by hand. You 
may be able to get 2 or 4 rods in by hand before you need to start pounding. 

 e) Attach the driving head for the pounder/jackhammer, turn on the generator and start 

pounding the rods into the ground with the demolition hammer (or by hand with the 
pounder).  Can substitute Cobra jackhammer or other driving force. 

f) Pound the rods into the ground. Add sections and continue until refusal or you hit bedrock. 

All of the connections between rods will get loose from the pounding of the demolition 
hammer; keep tightening the connections. While pounding, keep the driving head screwed on 

snugly. Also use a vice grip and screw the 4’ sections of rod clockwise every rod or two to 
keep them snugly connected. Keep an accurate count of rods. Start an installation with 
bundles of 10 rods so you will not get confused. 

h) When it becomes very difficult to pound rods in with the demolition hammer, cut 

the last rod (if necessary). This is the point of refusal of the marsh. The top of the 
last rod should be right at the marsh surface. Unscrew the pounding head.  If you 

need to cut the rod, use an angle grinder with a 4 ½” steel/stainless steel cutting 
wheel.  
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i) Drive the 6” PVC pipe into the hole. Use a small sledge (or the pounder) to knock it down. 

Try to get it into the sediments beyond the bottom of the hole so it will be stable. The top of 
the PVC pipe should stick up about 2-4” above the marsh surface. 

j) Remove excess water in the PVC pipe using a small cup. 

k) Slide the SS receiver over the rod and into the hole so that the cap is approximately 2-3” 

above the PVC pipe (so that it is not in contact with the cement). The bolts to the receiver 
should be so that the longer bolts are on the bottom and shorter bolts on the top part of the 

receiver. Tighten the bolts on the receiver with a 9/16” wrench.  The receiver should be 
aligned with a local feature such as a creek or landmark. 
 

l) Add dry cement (concrete mix such as Quikrete) to the hole and mix well. Mix dry cement 
with water that is in the hole.  Add some creek water to bucket with cement and then use 

trowel to add cement and shooter shovel to mix. Create a small mound at the top so that 
water does not accumulate on cement (see pictures). 

m) If you are using a brass concrete marker, place it into the cement before it sets. 

Literature Cited 
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SOP # 014 Protein 
Danielle Kreeger 

 

Biochemical Analyses. I.  Protein 

BIOCHEMICAL ANALYSES I.  PROTEIN 
DK SOP #12 (D.K. 4/13/95) 

 

12.1 Summary. 
 

 This SOP relies on the Pierce BCA test kit (Pierce # 23225X) to determine the 
 protein content of dried biological samples.  The Pierce kit combines Cu2+ and 
 protein in an alkaline medium leading to the production of Cu1+, which is quantified 

 using the indicator bicinchoninic acid.  A microplate reader is used for the 
 spectrophotometric quantification of protein concentrations. 

 
12.2 Equipment 
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 Thermomax microplate reader (Molecular Devices) with 562 nm filter. 
 96 well microplates 

 10 µl micro-pipet and tips 
 200 µl multi-tip pipet, tips and dispensor trays 
 tissue homogenizer with small-size bit 

 sonicator 
 vortex mixer 

 magnetic mixer and stir bar 
 15 ml disposable, graduated polypropylene test tubes with caps 
 Bench-top centrifuge for test tubes 

 Pierce BCA protein kit and BSA standards 
   

12.3 Reagents. 
 
 12.3.1 Working solution (Pierce reagents) - For each 96-well plate, add 500 µl 

  Reagent B to 25 ml Reagent A in a 30 ml Pyrex beaker.  Mix 1 min 
  with a magnetic stir bar. 

 12.3.2 1 L stock of 0.1 M NaOH 
 12.3.3 Rinse bottle containing 0.1 M NaOH 
 12.3.4 Rinse bottle containing lab-pure water (LPW) 

 
12.4 Blanks and Standards. 

 
 12.4.1 Blanks are 0.1 M NaOH. 
 

 12.4.2 Standards.  Ideally, protein standards should be prepared from purified protein 
  of the type expected in unknown samples (e.g. algal protein, diatom protein).  

  However, since we do not have pure proteins of these types, we will 
  consistently use bovine serum albumin (BSA).  BSA is supplied with the 
  Pierce kit as a liquid at a concentration of 2 mg ml-1.  This BSA stock will be 

  diluted with 0.1 M NaOH in 15 ml disposable, polypropylene culture tubes as 
  follows to prepare 6 different standard concentrations: 

  __________________________________________________________ 
 
  Volume of    Volume of      Protein 

  BSA Stock   0.1 M NaOH   Concentration 
     (ml)      (ml)     (µg ml-1) 

  __________________________________________________________ 
 
      0.050       9.950        10 

      0.100       9.900        20 
      0.150       9.850        30 
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      0.250       9.750        50 

      0.400       9.600        80 
      0.300       4.700       120 

      0.500       4.500       200 
  __________________________________________________________ 
 

12.5 Procedure.   
 

 12.5.1 Turn on microplate reader and computer with Softmax software to give them 
  time to warm up.  Set up a template program (e.g. file = "proasstemplate") 
  for running one 96 well microplate having the blanks and standards described 

  in Step 12.4.  Each sample should be triplicated in the microplate wells.  Set 
  incubator temperature to 37 oC and turn it on. 

 
 12.5.2 Prepare sample suspensions.  Transfer frozen algae/seston samples on GFF 
  filters (from SOP #4, Step 4.6) to labeled, 15 ml polypropylene test tubes.  

  For dried powderized zooplankton samples (from SOP #5, Step 5.4.3), weigh 
  out about 5 mg (± 0.01 mg) into each 15 ml polypropylene culture tube.  Keep 

  test tubes in fridge when not being analyzed. 
 
 12.5.3 Proteins are extracted (and also carbohydrates) using the following chemical 

  and physical treatments.  Add 4 ml 0.1 M NaOH to each tube, and then 
  homogenize each tube for about 30 sec on full power until the sample is 

  degraded into a homogeneous slurry.  If doing filters, filter breakup is facilitated  
by swirling the tube around the shaft of the homogenizer probe.  Use a squirt 
bottle to rinse the probe with less than 2 ml 0.1 M NaOH, washing the rinse into 

the sample tube.  Cap tube and put back in rack on ice.  Between each 
  homogenation, run the unit for a few seconds with the probe immersed in a 

  beaker of LPW as a thorough rinse to prevent cross-contamination of samples. 
 

12.5.4 If filters, sonicate each sample using 8 bursts on intermittent power (setting 5, 50 

%). If not analyzing filters, go to next step. Rinse sonicator probe with < 2 ml 1 M 
NaOH into sample. 

 
 12.5.5 Carefully bring each sample's volume to 8 ml with 0.1 M NaOH using the 
  graduations on the test tubes, and then vortex each tube 10 s on full power. 

 
 12.5.6 As soon as all tubes are finished, check that all caps are tightly fastened, 

  transfer all tubes to a dry test tube rack, and then place in a 60oC drying oven 
  for a 45 min incubation period. 
 

 12.5.7 During incubation, prepare blanks and standards according to Step 12.4. 
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 12.5.8 After incubation, vortex each sample 10 s to mix and then let stand at room temp 

for 15 min or more to let any large particles settle. If cloudy, then centrifuge tubes in 
  groups of 6 using the bench-top centrifuge (setting 6, 5 min). 

 
 12.5.9 Transfer 10 µl of each supernatant, standard or blank to each of triplicate 
  wells in a microplate. 

   
 12.5.10 Prepare Pierce BCA working solution (12.3.1).  Fill a multi-tip pipet tray with 

  the working solution and transfer 200 µl of solution to each well in microplate. 
 
 12.5.11  Insert microplate in microplate reader and note time.  Verify that incubator 

  temperature is 37oC.  Leave the microplate in the reader for 30 min. 
 

 12.5.12  Be sure microplate reader is set to single wavelength function, 562 nm, using 
  endpoint mode.  Read plate two times. 
 

 12.5.13  Use the Softmax data analysis function to generate a standards curve.  View 
  the curve and correlation coefficient.  Transform x and/or y variables to 

  straighten curve and improve correlation coefficient.  Using the best fit, have 
  Softmax generate a report of the protein concentrations in the unknowns. 
 

12.6 Calculations. 
 

 Multiply the protein concentration of each sample (units = µg ml-1) by the sample 
 volume (5 ml) to calculate the initial protein in each sample.  
 

 12.6.1 For algae/seston samples, divide the weight of protein in a sample (µg) by the 
  sample's concentration of particulate organic material (i.e. AFDW, mg L-1, 

  from SOP #6) and multiply by 100 % to calculate the protein content. 
 
 12.6.2 For zooplankton samples, divide the weight of protein in a sample (µg) by the 

  initial sample dry weight (µg, from SOP #5) and multiplied by 100 % to 
  calculate the mean protein content of the sample. 
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SOP # 015 Lipid 
Danielle Kreeger 

 

 

DK SOP #13 

BIOCHEMICAL ANALYSES II.  LIPID 

 

Danielle Kreeger 

12/29/94 

 

  
13.1 Summary 

 
This procedure describes analysis of either total lipid and/or lipid class composition.  Total lipid 
can be determined gravimetrically by drying and weighing a known volume of lipid extract 

(from Step 13.3.2.7) in a pre-weighed borosilicate glass test tube.  If only total lipid is required, 
this SOP can be shortened to end at Step 13.3.2.8 with deletion of lipid class preparatory work 

previous to this step. 
 

13.2 Sample Collection (also given in SOP #4). 

 
13.2.1 Samples of algae or natural seston are collected on pre-combusted (4 h, 500oC) 

25 mm glass fiber filters (GFF's).  Use only Millipore-type forceps to handle 
filters.  Filter as much material as possible (pressure <15 psi) without 
clogging the filter.  Rinse each filter with a few ml LPW.  Prepare triplicate 

filters per sample. 
 

13.2.3 Place the samples box in a cooler with ice.  Upon returning to the lab, put the 
samples in a freezer (-70oC). 

 

13.3 Lipid Extraction 
 

13.3.1 Materials and reagents: 
- 2:1 chloroform/methanol (1 L) in glass container 
- 0.88% KCl 

- rinse bottle containing acetone 
- waste bottle for C/M washes, funnel 

    - 9" Pasteur pipets and bulbs 
- 25 mm GFF filters 
- Potter Elvejhem tissue grinder 
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- Phase-sep vials 

- teflon-lined crimp tops 
- Vial top crimper 

- 5 ml conical centrifuge tubes 
- 5 or 10 ml graduated conical centrifuge tubes 
- 5 μl pipettor 

- N2 supply 
- bench-top centrifuge 

- vortex 
 
13.3.2 Procedure: 

 
13.3.2.1 Rinse all glassware with 2:1 C/M and dry. 

 
13.3.2.2 For each sample vial, use forceps to transfer the GFF filter to the bottom of a 

tissue grinder (10 ml Potter-Elvehjem with PTFE pestle, Wheaton #358039).  

Pour liquid from the vial into the bottom of the grinder.  Twice rinse the vial 
with about 500 μl of 2:1 C/M into the tissue grinder. 

 
13.3.2.3 Add 5 μl (contains 100 μg) of internal standard to the bottom of the tissue 

grinder.  The internal standard can be 2% w/v of either tripalmitin, neutral lipid  

mixture, or 3-hexadecanol (not produced by plants and animals) in 2:1 C/M,  
prepared in an amber glass vial.  The internal standard should be added to the  

original sample vial upon sample collection whenever possible (e.g. lab  
experiments). 

 

13.3.2.4 Grind filter by hand until completely pulverized (3-4 min).  Use about 500 μl 
2:1 C/M to rinse the pestle, and then pour contents into a 5 ml conical 

borosilicate glass centrifuge tube.  Rinse grinder twice with about 500 μl 2:1 
C/M. 

 

13.3.2.5 Centrifuge (1000 rpm, 5 min) tubes as soon as possible (e.g. centrifuge holds 
6 samples, so spin when 6 samples have been ground).  Use a Pasteur pipet to 

transfer each supernatant into the wide end of another Pasteur pipet (9") that 
contains a 25 mm GFF filter stuffed to the bottom (pipets pre-rinsed with 2:1 
C/M).  This filtration will remove the last bits of pulverize filter.  Stand the 

"filter" pipet inside a graduated conical centrifuge tube with a ground glass 
stopper or teflon-coated lid. 
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13.3.2.6 To each centrifuge tube, add 20% of the solvent volume as 0.88% KCl.  Seal 

tops and vortex 10 s.  For example: 
__________________________________ 

 
CHCl3:MeOH (ml)  0.88%KCl (ml) 
__________________________________ 

 
     1.5        0.4 

     2.0        0.5 
     2.5        0.7 
     3.0        0.8 

     3.5        0.9 
     4.0        1.0 

       4.5        1.2 
     5.0        1.3 
___________________________________ 

 
Centrifuge tubes 2 min at 1000 rpm.  Two distinct phases will form with a 

lower lipid-containing chloroform layer and an upper aqueous layer.   
 
13.3.2.7 Use a 9" Pasteur pipet to carefully transfer the lower layer to a pre-weighed  

glass test tube. These tubes should be labeled by engraving.  Dry down asap.  If 
there is a noticeable green tinge to the remaining upper phase, add 50% of the 

aqueous volume as 2:1 C/M and repeat steps 13.3.2.4 to 13.3.2.6.  Combine lower 
phases in the centrifuge tube.  If there is a residue or pellet in the chloroform, 
leave it behind.  Weigh after completely dried to constant weight. 

 
13.4 Lipid Class Analysis 

 

13.4.1 Reagents: 
 

- Nitric Acid (e.g. 70%; Fisher A298-212) 
- Acetone (HPLC grade; Baker 9002-02), one fresh bottle (opened <4 

mo.) for developing, older opened bottles used for rinsing only 
- Hexane (HPLC grade; Aldrich 27,050-4), opened <4 mo. 
- Diethyl ether (HPLC grade; Aldrich 30,996-6), opened <1 mo. 

- Formic Acid (Baker 0128.1) 
- Dichloromethane (GC grade; EM DX0831-6), opened <4 mo. 

- Methanol (HPLC grade; Fisher A452-1), opened <1 mo., keep as dry 
as possible 

- Digalactocyl diglyceride (DGDG) (Sigma D-4651) 

- Phosphatidyl choline (PC) (Sigma P-5763) 
- Triolein (TO) (Sigma T-7410) 
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- Oleic Acid (OA) (Sigma O-1008) 

- Cetyl oleate (CO) 
- Cholesterol (CH) (Sigma C-8253) 

- Dipalmitin (DP) (Sigma D-1639) 
- Nonadecane (ND) (Sigma N-4129) 
- 3-Hexadecanone (HX) (Sigma H-7504) 

- 2:1 Chloroform:methanol; prepared <1 mo.) 
 

13.4.2 Materials: 
 

- Iatroscan, computer with T-Scan, H2 tank, etc. 

- Flame starter with watch glass to check for flame 
- Chromarods (S-III); 10 per rack 

- rod rack drying stand and wood blocks 
- desiccation chamber containing saturated CaCl2 
- developing tanks (n=4) 

- saturation pads for developing tanks 
- 1 ml brown autosampler vials 

- autosampler vial caps and crimper 
- vial racks for bench use and vial storage boxes 
- 5 μl syringe pipet 

  - 100 μl syringe pipet 
- graduated cylinders for acetone (250 ml), hexane (250 ml), ether 

(50 ml), chloroform (250 ml), methanol (100 ml) and dichloromethane 
(100 ml) 

- 50 μl pipet with tips 

- 1 ml glass pipet with bulb 
- Waste drums for chlorine-containing and non-chlorinated liquids 

 
13.4.3 Preparation: 
 

13.4.3.1 Wash and dry rods.   
 

Each set of 10 rods must be washed weekly.  Use the rod forceps to transfer 
rods from the rack to individual 30 ml test tubes filled with concentrated nitric 
acid.  Cover tops with inverted LSC carrier vials.  Let stand overnight.  

Transfer rods to a second set of test tubes containing lab-pure water (LPW).  
Let stand > 1h.  Transfer rods to a third set of test tubes containing 1 M HCl 

(to remove nitrates) > 1 h.  Replace LPW in the second set of test tubes and 
wash rods again > 1 h.  Replace rods in rack and allow to dry in desiccator. 

 

13.4.3.2 Prepare reagents daily (< 1 h before use): 
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- Hexane: Ether: Formic Acid (99:1:0.05) (100 ml) 

- Hexane: Ether: Formic Acid (80:20:0.1) (100 ml) 
- Dichloromethane: Methanol: Water (5:4:1) (200 ml) 

 
13.4.3.3 Thorouhly rinse developing chambers with the reagents destined for each.  Be 

sure to coat entire sides with rinse fluid and then dispose.  Then add clean 

developing reagents to chambers, place glass lids on top and weight them 
down to limit evaporation. 

 
13.4.3.4 Prepare lipid standards in 2:1 chloroform:methanol.   
 

13.4.3.4.1 Primary stocks should be kept no longer than 1 mo.  Fill vials with N2 before 
capping and store at < -20oC. 

 
 

Primary stocks 
 

Concentration 
 

Preparation 

 
DGDG (Digalactocyl Diglyceride) 

 
5.00mg (100ul)-1 

 
weigh 5 mg into 95ul C:M 

 
PC (Phosphotydalcholine) 

 
5.00mg (100ul)-1 

 
add 50 μl to 50 μl C:M 

 
TO (Triolein) 

 
2.50mg (100ul)-1 

 
add 25 μl to 975 μl C:M 

 
OA (Oleic acid) 

 
2.50mg (100ul)-1 

 
add 25 μl to 975 μl C:M 

 
CO (Cetyl Oleate) 

 
1.25mg (100ul)-1 

 
add 12.5 μl to 987 μl C:M 

 
CH (Cholesterol) 

 
1.25mg (100ul)-1 

 
weigh 12.5 mg into 987 μl C:M 

 
DI (Dipalmitin) 

 
1.25mg (100ul)-1 

 
weigh 12.5 mg into 987 μl C:M 

 
ND (Nonedecane) 

 
1.25mg (100ul)-1 

 
weigh 12.5 mg into 987 μl C:M 

 
HX (3-Hexadecanone) 

 
5.00mg (100ul)-1 

 
weigh 5 mg into 95ul C:M 

 
13.4.3.4.2 Secondary "working" stocks should be prepared weekly.  Fill vials with N2 

before capping and store at < -20oC. 
 

 
Secondary "Working" Standards 

 
Preparation 

 
1. DGDG (5μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
2. PC (5μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
3. TO (2.5μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 
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4. OA (2.5μg/μl) 10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 
 
5. CO (1.25μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
6. Cholesterol (1.25μg/μl)  

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
7. Dipalmitin (1.25μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
8. Nonedecane (1.25μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
9. 3.Hexadecanone (5μg/μl) 

 
10 μl stock/ 90 μl 2:1 CH3Cl:MeOH 

 
10. Composite I 

 
10ul each (1-9)/ 10ul CH3Cl:MeOH 

 
11. Composite II 

 
2ul each (1-9)/ 82ul CH3Cl:MeOH 

 
13.4.4 Procedure: 

 
13.4.4.1 Set up Iatroscan: 

 
- Open hydrogen flow to 42 psi. 
- Open pressure gauge to 0.7 Kgf cm-2. 

- Start flame and use a watch glass to verify. 
- Turn on Iatroscan.  Verify that air pump starts. 

- Center meter using zero adjust.  Scan speed should be 4. 
 
13.4.4.2 Use "rod operations" in T-Scan to set software for capturing data during 

blanking.   
 

13.4.4.3 Blank scan rods twice before using.  Be sure to always touch only the top of the 
rod rack and ensure that rods are centered in grooves.  Also check that flame is 
centered over rod - adjust alignment if necessary using the thumb screw beneath 

the unit. 
 

13.4.4.4 Within 5 min of blanking rods (before moisture coats them), spot rods using a  
Hamilton syringe fitted into a Hamilton repeating dispenser.  Apply samples 
and standards.  Be careful to place spots above the region that will be 

submerged in developing reagents. 
 

13.4.4.5 Focus twice in acetone to produce a narrow band of lipid material near the 
lowest end of the rods (e.g. to 0.5 units on the rack's scale). 

 

13.4.4.6 Dry rods over saturated NaCl chamber at 22o C for 15 min before  
development.  Thorough drying is essential here for a good baseline. 
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13.4.4.7 First development on Hexane: Diethyl ether: Formic acid (90:1:0.05).  For all 

developments, immerse rod racks in the developing chambers using the rack 
holder, which itself can be transferred between chambers, but remove the rod 

racks before transfering the holder. 
 

- Develop for 25 min. 

- Dry rods at room temperature in hood for 5 min. 
- Develop for 20 min. 

- Dry rods at room temperature in the Iatroscan for 15 min. 
- Scan to the lowest point behind the KET peak (20). 
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Date 

________ 

 
Person 

_______ 

 
Rack # 

______ 

 
Rack # 

______ 

 
Rack # 

______ 

 
File Name 

 
 

 
 

 
 

 
Step 

 
Duration 

(min) 

 
Start 

Time 

 
Stop 

Time 

 
Start 

Time 

 
Stop 

Time 

 
Start 

Time 

 
Stop 

Time 

 
Drying after focusing 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
First Development 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in H:E:F #1 

 
25 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in hood 

 
5 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in H:E:F #1 

 
20 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in Iatroscan 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Scan below 20 

 
- 

 
 

 
 

 
 

 
 

 
 

 
 

 
Second Development 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in dessicator 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in H:E:F #2 

 
40 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in Iatroscan 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Scan below 20 

 
- 

 
 

 
 

 
 

 
 

 
 

 
 

 
Third Development 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in dessicator 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in acetone 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in hood 

 
5 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in acetone 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in dessicator 

 
25 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in D:M:W 

 
10 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in dessicator 

 
10 

 
 

 
 

 
 

 
 

 
 

 
 

 
Develop in D:M:W 

 
10 

 
 

 
 

 
 

 
 

 
 

 
 

 
Dry in Iatroscan 

 
15 

 
 

 
 

 
 

 
 

 
 

 
 

 
Scan 

 
- 

 
 

 
 

 
 

 
 

 
 

 
 

13.4.4.8 Second development on Hexane: Diethyl ether: Formic acid (80:20:0.1)-  
(GE to DG) 
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95 

 

- Condition for 15 min in developing chamber. 
- Develop for 40 min. 

- Dry rods at room temperature in the Iatroscan for 15 min. 
- Scan to lowest point behind the DG peak (20). 

 

13.4.4.9 Third development on Dichloromethane: Methanol: Water (5:4:1) - 
(AMPL 

and PL) 
 

- Condition for 15 min in the developing chamber. 

- Develop twice for about 15 min in 100% acetone. 
- Condition for 15 min in desiccator. 

- Condition in chamber for 10 min. 
- Develop twice for about 10 min in Dichloromethane: Methanol: 

Water, 

with 10 min condition in chamber between developments. 
- Dry rods at room temperature in the Iatroscan for 15 min. 

- Scan entire length of rods. 
 
13.5 Data Interpretation: 

 
13.5.1 Information.  Units generated by the Iatroscan are in mV*mm because the y 

-axis units are mV and the x-axis i\units are mm.  These mV*mm values 
are 

comparable to units of area, and are the basis of quantifying lipid peaks.  

Qualitative (peak type) results are obtained with Rf values (retention 
factors).  

 
Retention factors are generated from analyses of standards, both internal 

and 

external. 
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SOP # 016 Carbohydrate 
Danielle Kreeger 

 
 

BIOCHEMICAL ANALYSES  III.  CARBOHYDRATE 
DK SOP #14 

 
Danielle Kreeger 

3/23/99 

 
 
14.1 Summary.  Total carbohydrates (TC) will be quantified using the phenol-sulfuric 
acid method described by Dubois et al. (1956).  The newer and supposedly better MBTH 

method (Pakulski & Benner; 1992; Marine Chemistry 40: 143-150) has been extensively 
tested and compared in our lab tests, but it has not been found to be superior to the 
Dubois method; indeed, we found it can be more error prone and may underestimate 
crude fiber.  For routine applications, we continue to use the Dubois procedure, which is 
described in this SOP.  However, if the MBTH method is required, please obtain Kreeger 
SOP #22, which describes that procedure as adopted by the Academy of Natural 
Sciences. 
 
  
14.2 Equipment. 
 

Thermomax microplate reader (Molecular Devices) with 490 nm filter. 
96 well microplates 
200 μl multi-tip pipet, tips and dispensor trays 

2-10 ml pipet with numerous tips 
vortex mixer 
tissue homogenizer with small-size bit 
sonicator 
magnetic mixer and stir bar 
20 ml borosilicate glass test tubes with silicone stoppers 
Bench-top centrifuge for test tubes 

 
14.3 Reagents. Use gloves and protective eye glasses. 
 

Phenol solution - dissolve 5 g phenol in about 75 ml lab-pure water (LPW) in a 
100 

ml volumetric flask and then bring volume to 100 ml.  
Concentrated sulfuric acid. 
0.9 % v/v sulfuric acid. 
1.25 % w/v sodium hydroxide. 

 
14.4 Blanks and Standards. 
 
14.4.1 Blanks.   Lab-pure water (LPW). 
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14.4.2 Standards. Oyster glycogen (Sigma Type II, G-8751) is the most useful standard 
for animal tissue and potato starch (Sigma cold water solutble) is the most suitable for 
plant tissue or natural seston.   
 
14.4.2.1 Carefully weigh 20 mg (± 0.05 mg) carbohydrate standard into a test tube.  

Add 10 ml LPW, stopper, and heat to 60oC for 30 min to facilitate 
dissolution. 

 
14.4.2.2 After the standard stock solution (2 mg ml-1) dissolves, prepare the 
following 

6 different diluted standards for analysis using LPW: 
        

 __________________________________________________________
__ 

Volume of    Volume of       CHO 
CHO Stock       LPW        Concentration 
   (ml)        (ml)     (μg ml-1) 

__________________________________________________________
_ 
 

  0.010      4.99      4 
  0.030      4.97     12 
  0.080      4.92      32 
  0.150      4.85     60 
  0.300      4.70    120 
  0.500      4.50    200 
  0.750      4.25    300 
__________________________________________________________

__ 
 
14.5 Procedure.   
 
14.5.1  Turn on microplate reader and computer with Softmax software.  Set up a 

template program at 490 nm for running one 96 well microplate having 
the blanks and standards described in Step 14.4.  Set incubator 
temperature to 60oC and turn it on to warm up. 

 
14.5.2   Weigh out about 3-4 mg dried, ground animal tissue or transfer a 

algae/seston filter to a tared 20 ml borosilicate glass test tube.  Record 
exact weight for non-filter samples. 

 
14.5.3  Add 1 ml LPW to each test tube.  Vortex and sonicate to hydrate/disperse 

particles.  For standards, pipet 1 ml which yields concentrations above. 
 
14.5.4  Add 1 ml phenol reagent in fume hood. Vortex (careful - phenol is toxic!). 
 
14.5.5  SLOWLY add 5 ml concentrated H2SO4.  Vortex on low speed with top of 

test tube pointed away (careful - concentrated acid - corrosive!). 
 
14.5.6   Insert silicone stoppers into the mouths of the tubes and heat the rack at 

60oC for 15 min.  Vortex and if any particulate material is present 
(cloudiness), centrifuge. Transfer 200 μl of each clear supernatant to a 

microplate well, in triplicate.   
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14.5.8  Be sure microplate reader is set to single wavelength function, 490 nm, 

using 
endpoint mode.  Read plate. 

 
14.5.9 Use the Softmax data analysis function to generate a standards curve.  View the 

curve and correlation coefficient.  Transform x and/or y variables to straighten 
curve and improve correlation coefficient.  Using the best fit, have Softmax 
generate a report of the carbohydrate concentrations in the unknowns. 

 

SOP # 017 Bivalve 
Danielle Kreeger 

KREEGER 
SOP #16 
 

Determination of Condition Index and Tissue Preparation for Biochemical 
Analysis of Bivalve Molluscs 

 
 
 

ACADEMY OF NATURAL SCIENCES 
Patrick Center for Environmental Research 

Procedure No. p-26-35 
Rev. 1 (2/99) 
 

Prepared By:  __ Danielle Kreeger___  
 

   __ Heidi Hertler ___ 
 
Determination of Condition Index and Tissue Preparation for Biochemical 

Analysis of Bivalve Molluscs  
 

1. Purpose 
 
This SOPdescribes themethod for determining condition index in bivalve 

molluscs as described by Grosby and Gale (1990).  In addition, procedures are 
described for preparing bivalve tissues for proximate biochemical analysis (see 

other SOP’s for different assays). 
 
2. Equipment 

 
2.1 Scrub brush and paper towels for cleaning bivalves. 

2.2 Five place (to 0.01 mg) balance to determine weight. 
2.3 Micrometer to measure shell height. 
2.4 Dissecting tools (scalpel, scissors, forceps, and probe). 

2.5 Freeze dryer. 
2.6 Drying oven (60oC). 

2.7 Mortar and pestle. 
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3. Procedure 
 

3.1 Glass ware preparation 
 

Prepare all glassware in accordance with ANS Standard Operating Procedures 

(SOP #P-21-02). 

 

3.2 Prepare Oysters 
 

Remove a group of oysters from freezer.  While oysters remain frozen, rinse ice 

and debris from their shells.  A brush may be needed to remove debris.  Pat each 
animal dry.  Proceed to Step 3.3 before animals thaw to avoid loss of cavity fluids.  

To prevent thawing, complete Steps 3.2 and 3.3 on replicate groups of oysters.   

 
3.3 Weight and Measurements. 

 
Weigh the entire oyster before the animal thaws.  Record weight (g) as 

Total Wet Weight (TWW). Measure the shell length (mm) with a 
micrometer.  

 
Record data on the attached data sheet.  Calculations will be done in a 

spreadsheet. 

 
 

3.4 Dissection and Drying 

 
Carefully dissect all meat from the shell for each animal.  Retain all liquids.  

For each individual animal, place meat and liquids in a pre-weighed, 
numbered vial.  Freeze-dry for two days or until a constant weight is 
achieved.  Reweigh the vial to determine Dry Tissue Weight (DTW). 

 
Proceed to Step 3.5 with shell.  Proceed to Step 3.6 with dried tissue. 

 
3.5 Shell Processing and Calculation of ISSC: 

 

Place each shell in an aluminum foil weigh boat in the drying oven for 48 
hours.  Reweigh the shell after drying to determine the Dry Shell Weight 

(DSW). 
 
The Internal Shell Cavity Capacity (ISSC) is determined by subtracting DSW 

from the TWW. 
 

ISCC = TWW – DSW 
 

3.6 Divide Dry Tissue for Different Assays 
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Grind each animal’s freeze-dried meat separately with a mortar and pestle and 

return to vial.  Subsamples of ground tissue can then be used for each of the following 
procedures: 

 
a. Condition Index, Organic Content, Weight on ignition (proceed to 

Step 3.7) 

b. Protein Content (SOP #12) 
c. Lipid Content and Lipid Class Composition (SOP #13) 

d. Carbohydrate Content (SOP #14) 
 

3.7 Determination of Ash-free Dry Tissue Weight 

 
Transfer approximately 50 mg of ground tissue to a preweighed aluminum 

weigh pan.  Record the dry weight of the pan plus meat (Total Weight).  
Ash at 500oC for 4 hours.  Reweigh the aluminum pan (gives Ash Weight).  
From this, organic content can be calculated by: 

 
Organic Content (%) = (Total Weight) – (Ash Weight)  X  100% 

                     (Total Weight – Pan Weight) 
 
Calculation of Condition Index 

 
Multiply organic content by DTW (from Step 3.4) to determine Ash Free Dry 

Tissue Weight (AFDTW). 
 
Calculate Condition Index (CI) using TWW (Step 3.3, DSW (Step 3.5) and 

AFDTW (Step 3.7) as follows: 
 

CI  =  (AFDTW x 1000) 
           (TWW – DSW) 
 

References: 
 

Crosby, M. P. and L. D. Gale.  1990.  A review and evaluation of bivalve 
condition index methodologies with a suggested standard method.  Journal of 
Shellfish Research, Vol. 9, No. 1, pp 233-237. 

 
 
 
 
 
 
 
 



 
 

101 

 

101 

 

SOP # 018 Marker Horizon 
 

ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA 
PATRICK CENTER FOR ENVIRONMENTAL RESEARCH  

 
Procedure No. P-16-XX 

Rev. 0 (06/2010) 
 

Determination of Short-term Sedimentation Rate using Feldspar Clay 

Marker Technique 
 

Prepared By:  Tracy Quirk, Roger Thomas and David Velinsky 
 
Determination of Short-term Sedimentation Rate using Feldspar Clay 

Marker Technique 
 
1.  INTRODUCTION 

 
1.1. Short-term sedimentation rates may be measured by applying a layer of feldspar 

clay on the surface of a wetland and collecting subsequent cores to determine the net 
sedimentation rate over the time since marker establishment. 

 

2. METHOD 

 

2.1.   The Feldspar marker horizon consists of placing a layer of feldspar clay on the 
surface of the marsh. Feldspar material is recommended for use as marker 
horizons due to its brilliant white appearance, which makes it distinguishable 

from the surrounding sediment and it can be used for both dryland and submerged 
systems. Feldspar marker horizons are usually laid down in sufficiently-sized 

plots; recommended are 50 x 50-cm plots. The layer should be about 5 mm thick 
and should be uniform in thickness. The plot must be well marked, usually with 
pipes or rods that are visible above the water column or vegetation height, for 

ease of location in future sampling. Over time, material is deposited on top of the 
feldspar. The depth of material that has accumulated on the marker is determined 

by collecting a core in the sample plot and measuring the distance from the top of 
current marsh surface to the feldspar layer. The sample can be collected by using 
either a thin-walled core tube or by a cryogenic technique (copper tube filled with 

liquid nitrogen). The feldspar marker should be distinctly evident as a white line 
in the recovered core for the method to be successful. After the core is collected, 

it is refrigerated and taken to the laboratory in a vertical position. In the 
laboratory, if processing is delayed, the cores are stored in the freezer. The core is 
then sectioned to determine the thickness of the material deposited on top of the 

feldspar marker. Because melting can ruin the cores, particularly when dealing 
with peat samples, ensure that the cores remain frozen during processing. The 

thickness of the newly deposited sediment, located above the feldspar marker, is 
measured with calibrated calipers. Record the measurement to the nearest mm. 
Note down also areas where feldspar marker is missing. 
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3.  APPARATUS 

  

 3.1. Establish Feldspar Marker Horizons  
 
3.1.1 50 LB bags (6 - 50 x 50cm plots/single bag) 

 
3.1.2. 1/2" PVC or fiberglass stakes - To mark the boundaries of the 

plot containing the marker horizon. The stakes are about 2-4' in 
length.  

 

3.1.3.  Respirator - These materials should not be inhaled so a high 
quality  

respirator is recommended when establishing the marker horizons.  
 

3.1.4.  A 50 x 50 cm wire (or pvc) frame to approximate the size of 

the feldspar plot.  
 

3.1.5. small plastic cup or spreader 
 

3.1.6. waterproof field notebook 

 
3.1.7. pencils or black pen (waterproof) 

 
3.2. Collect Cores for Sedimentation Rate Determination 
 

3.2.1. 15L Self pressurized dewar  
3.2.2. ½” diameter x 6’ – 6.5’ long stainless steel flexible hose with ½” 

female hydraulic connections at each end. The hose is covered with a SS 
mesh to protect the hose. 
3.2.3. Fittings - The LN2 tank and hose typically use 1/2" hydraulic 

fittings for connections. The ball valve on the tank and the connection for 
the copper bullet use pipe fittings. Adapter for Dewar valve - 1/2" mail 

pipe thread to 1/2" male JIC fitting and Adapter for bullet - 1/4" female 
pipe thread to 1/2" male JIC fitting.  
3.2.4. Copper bullets for taking accretion cores. 

3.2.5. gloves 
 

3.2.6. Centimeter ruler marked in millimeter increments 
 
 3.2.7. waterproof field notebook 

 
3.2.8. pencils or black pen (waterproof) 

 
 

4. PROCEDURE 

  
 4.1. Establish Feldspar Marker Horizons 
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4.1.1. Using a small cup, sprinkle the feldspar on the marsh surface 
 

  4.1.2. Mark the plots with 2 (or 4) pvc or fiberglass stakes. If the 
plot is  
  vegetated use an extra stake to knock the feldspar off the plants.  

 
  4.1.3. Draw a detailed map in your data book showing the relative  

  locations of the feldspar plots in case the PVC stakes are lost or 
buried. 
 

  4.2. Collect Cores for Sedimentation Rate Determination 
  4.2.1. Connect the hose and bullet to "Liquid" Valve on the 15L dewar. 

4.2.2.Push bullet into the marsh. Unless you believe the maker horizon is 
very deep, try not to push the bullet too far into the substrate. It may be 
difficult to remove. Three to four inches is usually deep enough. 

4.2.3.Completely open the valve on the dewar and start the flow of LN2. 
You may have to steady the bullet with your hands (wear gloves) until it 

starts freezing. You will hear the nitrogen exhaust coming from the top of 
the bullet. 
4.2.4. Your first core may take a while since the entire hose needs to cool 

down before the bullet gets cold enough to begin freezing the marsh. 
Subsequent cores shouldn't take as long to freeze.  

4.2.5. Continue freezing the core until you start seeing a white cloud of 
gas coming out of the top of the bullet. This usually indicates that the 
entire hose and bullet are frozen so you can stop pumping the LN2 soon 

after this cloud forms. (Problems - If you freeze for too long, the core is 
very large and could be difficult to remove from the substrate. If you don't 

freeze the core long enough, it may come off the bullet when you pull it 
out or try to clean it up with the knife.) 
4.2.6. Turn off the LN2 valve. 

4.2.7. Grab the top of the bullet (wear gloves!) and pull the core and 
hose out of the marsh.  
4.2.8. Remove the outer bullet sleeve from the inner sleeve (the part with 
the frozen core on it is attached to outer sleeve). Be sure to put an empty 
bullet (outer sleeve) on the inner sleeve to keep it from getting dirty. 

4.2.9. Scrape excess soil and roots off the core with a knife. 
4.2.10. Read the distance from the feldspar to the top of the soil 

surface in millimeters. This distance will vary in a single core, so we 
try to take 3 or 4 readings, if possible. Some parts of the core may 
not produce a reading so you will normally get from 1 to 4 numbers 

from a single core 
4.2.11. Record the Data: describe the quality of the marker horizon 

and how many cores it took to find the feldspar.  
 

4.2.12. If you didn't find any of the marker horizon, take another 

core in a different part of the plot.  
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5.0 REFERENCES 

 

Cahoon, D.R. and J. Lynch. 2010. Surface Elevation Table. USGS.Patuxant 
Wildlife  
 Research Center. http://www.pwrc.usgs.gov/set. 

 
 

SOP # 019 Aboveground Biomass 
 

 
Determination of Aboveground Biomass of Wetland Macrophytes  

 

1. METHOD. 
 

1.1. Collection and processing of aboveground biomass of wetland macrophytes for 
biomass determination. 
 

2. METHOD SUMMARY. 
 

2.1. Aboveground biomass is clipped within a quadrat 0.25 – 0.50 m-2, depending on 
stem density and taken back to the laboratory.  Biomass is sorted (live and dead stems 
separated), washed, and dried at 60° C to a constant weight. Biomass is weighed and a 

subsample is ground for loss on ignition (LOI) determination. The LOI procedure is 
necessary for calculating out mineral and non-organic particles associated with the 

biomass.    
 
3. APPARATUS. 

 
3.1. Garden shears 

 
3.2. Quadrat, 0.25 – 0.50 m-2 

 

3.3. Plastic bags. 
 

3.4. Non-erasabe marker. 
 

3.5. Refrigerator, 5° C 

  
3.6. Paper bags. 

 
3.7. Drying oven, 103-105oC. 

 

3.8. Desiccator and fresh desiccant. 
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3.9. Analytical balance.  
 

4. PROCEDURE. 
 
4.1. Aboveground biomass collection 

 
4.1.1. Determine the size of the quadrat necessary to account for variability in 

stem density and to obtain a representative sample.  For wetland macrophytes, 
quadrats ranging from 0.25 – 0.50 m-2 in size would typically obtain a 
representative sample.    

 
4.1.2. Place quadrat in target plant community. 

 
4.1.3. Clip all standing biomass contained within the quadrat at the surface of the 
wetland using garden shears. Collect any remaining litter lying on the soil surface. 

4.1.4. Place standing biomass and surface litter in separate plastic bags labeled 
with the date and location of the sample using a non-erasable marker and tied to 

secure plant material.  
 

4.1.5. Collect at least two replicate samples within the same plant community. 

 
4.2. Aboveground Biomass Determination 

 
4.2.1. In the laboratory, place material in refrigerator at 5° C until processed.  
 

4.2.2. Remove biomass from labeled plastic bags. 
 

4.2.3. Sort biomass according to species-specific live and dead material. 
 

4.2.4. Wash material removing obvious soil and sediments using regular tap 

water. 
 

4.2.5. Place biomass in labeled paper bag for drying. 
 

4.2.6. Place bags in drying oven set at 60° C until it reaches a constant weight and 

biomass can be considered dry. 
 

4.2.7. Place dried samples in a dessicator with fresh desiccant to cool prior to 
mass determination.  
 

4.2.8. Weigh samples to a tenth of a gram. 
 

4.2.9. See SOP for Determination of Ash in Biomass for LOI determination. 
 
4.2.10. Multiply the dry weight of the biomass by the percent organic matter 

determined by the LOI procedure.  
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4.2.11. Calculate the resulting ash-free dry weight to be on a meter-square basis. 

 

 

 

SOP # 020 Belowground Biomass 
 

Determination of Belowground Biomass of Wetland Macrophytes  

 

1. METHOD. 
 

1.1. Collection and processing of belowground biomass of wetland macrophytes for 
biomass determination. 
 

2. METHOD SUMMARY. 
 

2.1. Belowground biomass is collected using a 15-cm diameter x 30-cm long polyvinyl 
chloride (PVC) pipe and taken back to the laboratory.  Biomass is sorted (live and dead 
rhizomes and roots are separated), washed, and dried at 60° C to a constant weight. 

Biomass is weighed and a subsample is ground for loss on ignition (LOI) determination. 
The LOI procedure is necessary for calculating out mineral and non-organic particles 

associated with the biomass.    
 
3. APPARATUS. 

 
3.1. 15-cm diameter PVC pipe 

 
3.2. Polyurethane block with handle  

 

3.3. Sledge hammer  
 

3.4. Shovel  
 
3.5. Plastic bags. 

 
3.6. Non-erasabe marker. 

 
3.7. Refrigerator, 5°C 
 

3.8. Paper bags. 
 

3.9. Drying oven, 103-105oC. 
 

3.10. Desiccator and fresh desiccant. 

 
3.11. Analytical balance.  

 
4. PROCEDURE. 
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4.1. Belowground biomass collection 

 
4.1.1. To minimize compaction of the core, sharpen bottom edge of PVC  pipe.    

 
4.1.2. Place PVC pipe in plant community and place polyurethane block on top of 
PVC pipe. Two individuals are required for collection procedure. One individual 

holds the handle attached to the polyurethane block and the second individual 
uses the sledge hammer to pound the PVC pipe into the soil until the top of the 

PVC is flush with the soil surface.  
 

4.1.3. Use the shovel to extract belowground biomass core. 

 
4.1.4. Label the PVC pipe with the date and location of the core collection using 

the non-erasable marker.  
   

 4.1.5. Place the core contained in the labeled PVC pipe into a labeled plastic bag. 

 
4.1.6. Collect at least two replicate samples within the same plant community. 

 
4.1.7. Transport belowground biomass samples to the laboratory. 

 

4.2. Belowground Biomass Determination 
 

4.2.1. In the laboratory, place cores in refrigerator at 5° C until processed.  
 
4.2.2. Remove cores from labeled plastic bags and extrude core from PVC pipe. 

 
4.2.3. Place core on a large sieve with 2 mm mesh size and wash soil and 

sediment from root material. Sort biomass according to species-specific live and 
dead material. 

 

4.2.4. Place biomass in labeled paper bag for drying. 
 

4.2.5. Place bags in drying oven set at 60° C until it reaches a constant weight and 
biomass can be considered dry. 
 

4.2.6. Weigh samples to a tenth of a gram. 
 

4.2.7. See SOP for Determination of Ash in Biomass for LOI determination. 
 
4.2.8. Multiply the dry weight of the biomass by the percent organic matter 

determined by the LOI procedure.  
 

4.2.9. Calculate the resulting ash-free dry weight to be on a meter-square basis. 
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SOP # 021 Loss on Ignition 
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112 

 

112 
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SOP # 022 Laboratory Cleaning 

 
GENERAL CLEANING PROCEDURES FOR LABORATORY AND SAMPLING 

EQUIPMENT  

Prepared By: Paul Kiry and David Velinsky  
 

General Cleaning Procedures for Laboratory and Sampling Equipment  
1. PURPOSE.  

1.1. The objective of this SOP is to describe procedures for cleaning glassware and 

plasticware for laboratory and field equipment.  The actual procedure is dictated by the 
specific project needs and should be outlined by the Project Leader and Environmental 

Geochemistry Laboratory.  

2. GENERAL CLEANING OF LABORATORY GLASSWARE AND PLASTICWARE 

(HDPE AND TEFLON).  

2.1. Rinse with dilute Non-Phosphate containing soap such as Liquinox (see VWR or Fisher) 

Note: If glass/plasticware is new, soak for approx. 3 days.  

2.2. Rinse with warm tap water then rinse with DIW. Note: If glass/plasticware is new, rinse 

with acetone then DIW.  

2.3. Depends on use and what was in container (i.e., clean water versus contaminated water):  

2.3.1. Nutrients: Soak with dilute HCl (10% is best, 1% is OK) overnight for used 
glass/plasticware and at least 3 days if new.  

2.3.2. Metals: Soak in 25% HNO
3
 overnight for used containers and at least 3 days if new.  

2.4. Rinse well with DIW, and place in a clean area to dry with paper towels on top to keep 

the dust off. Close bottles and place items in Zip-loc bags. Double bag for low level trace 
metal sampling.  

3. ALTERNATIVE METHOD FOR LOW LEVEL TRACE METALS.  
 

3.1. New Teflon Containers.  

3.1.1. Heat to approximately 60°C in concentrated HNO
3
 for three days.  

3.1.2. Rinse 5 times with deionized water (DIW).  

3.1.3. Fill with 10% (v/v) HCl and place in 60°C oven for one day.  

THE ACADEMY OF NATURAL SCIENCES   
PATRICK CENTER FOR ENVIRONMENTAL RESEARCH   

 Procedure No. P-16-114  

 Rev. 0 (6/99)  
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3.1.4. Rinse 5 times with deionized water.  

3.1.5. Fill again with 1% (v/v) HCl and place in 60°C oven for one day.  

3.1.6. Rinse 5 times with deionized water.  

3.1.7. Fill with 1% (v/v) HCl to store.  

3.2. Old Teflon Containers for low level trace metal sampling and storage.  

3.2.1. Soak in cold concentrated HNO
3
 overnight.  

3.2.2. Rinse 5 times with deionized water.  

3.2.3. Fill again with 1% (v/v) HCl and place in 60°C oven for one day.  

3.2.4. Rinse 5 times with deionized water.  

3.2.5. Heat to approximately 60°C in concentrated HNO
3
 about every six 

months, depending on usage.  

3.3. All materials should be double bagged for low level trace metal work.  

3.4. Note: Acid baths should be changed approximately once  every three months.  

4. CLEANING PROCEDURES FOR PLATES, KNIVES AND TISSUMIZER PARTS.  

4.1. Soak and wash with liquinox. Rinse with regular water followed by DI water.  

4.2. Rinse plates and knives in 25% HNO
3
 (tissumizer parts do not get acid rinsed).  

4.3. Rinse with double DI water. If allowed to dry overnight, cover with large 

kimwipes to keep dust free.  

4.4. Rinse with acetone followed by dichloromethane.  

4.5. Wrap clean plates in muffled aluminum foil. Store tissumizer parts in a clean 

plastic bag.  
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SOP # 023 CHN 
 
ACADEMY OF NATURAL SCIENCES PATRICK CENTER FOR ENVIRONMENTAL 

RESEARCH  

Procedure No. P-16-
54 r2 Rev. 2 (5/2004)  

 THE USE OF CARLO ERBA MODEL 1112 FLASH ELEMENTAL ANALYZER 

FOR THE ANALYSIS OF TOTAL CARBON AND NITROGEN IN SEDIMENTS 

AND FILTERED PARTICULATE MATTER  

Prepared By: Nathan Saxe  

 

The Use of Carlo Erba Model 1112 Flash Elemental Analyzer for the Analysis of Total 

Carbon and Nitrogen in Sediments and Filtered Particulate Matter  

1. METHOD.  

1.1. This is a method for analyzing total organic carbon and/or nitrogen content in         

sediment/algae or filtered particulate matter using a Carlo Erba Model 1112 Flash Elemental 
Analyzer or equivalent.  

2. SUMMARY.  

2.1. The sample is carefully placed into a tin boat either by weight or by filtered volume.  The 

boat is closed and, following the manufacturers guidelines, the sample is combusted at 
1000EC. The resultant CO2 and N2 gas evolved is separated via GC and the mass is 

determined with a thermal conductivity detector. If the sample contains inorganic carbon, the 

inorganic carbon is removed by fuming HCl overnight, dried, then the sample is placed into a 
cleaned tin boat for combustion and analysis in the CHN.  

3. APPARATUS.  

3.1. Carlo Erba Model 1112 Flash Elemental Analyzer or equivalent, autosampler rack and 

cover, combustion and reduction columns, and gases (UHP Helium and Oxygen). The 
instrument is set up following manufacturers guidelines.  

3.2. Eager 300 Software installed on a compatible computer.  

3.3. A constant temperature drying oven, capable of maintaining 60 " 5°C.  

3.4. Micro-balance accurate to at least 3 decimal places (e.g. 0.000 mg).  

3.5. Hydrochloric Acid (concentrated).  

3.6. Drying desiccator (glass or plastic).  

3.7. Acid-washed glass or plastic petri dishes (preferably glass).  

3.8. Acetone (reagent grade) and squirt bottle.  
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3.9. Acetone cleaned tin boats (3.5 x 5 mm).  

3.10. Acetone cleaned pelletizer die and assorted micro-forceps.  

3.11.  Muffled aluminum foil.  

3.12. Aspartic Acid, crystal form (dried in a low temperature oven and in desiccator).  

3.13. SRM-CE Soil or Spinach (1570a).  

4. PROCEDURE.  

 
4.1. Filtration and collection of samples should follow SOPs for water filtration of 

organic particles or sediment collection.  Filters need to be pre-combusted glass fiber 

filters (e.g., Whatman GFF) and all material should be cleaned prior to and during 
filtration. Sediment samples should be collected with cleaned sediment sampler.  

4.2. Removal of inorganic carbon.  

4.2.1. Filters or sediments are placed in acid-washed glass petri dishes, which are 

then placed in a large glass desiccator (without desiccant).  

4.2.2. Fill a glass petri dish halfway with concentrated hydrochloric acid, 

carefully place dish in the center of the desiccator and quickly 

replace lid.  

4.2.3. Samples are left overnight in the fuming HCl, in order to remove the  

inorganic C from the sample.  The next day the filters and sediments are 

placed in  a 60 " 5°C drying oven overnight.  

4.3. Tin boat/instrument cleaning.  

4.3.1. Place an appropriate number of tin boats in a clean 100-ml beaker, add 

enough acetone to completely cover the boats, swirl, decant, repeat two 

more times and place the beaker in the drying oven for a minimum of three 

hours.  Remove the beaker, and cover with muffled aluminum foil.  

4.3.2. Using acetone filled squirt bottle, liberally squirt pelletizer die and each 

micro-forceps, shake off excess, place on muffled foil and dry in the drying 
over for a minimum of three hours.  Upon removal from the oven, wrap in 

muffled foil.  

 
4.4. Sample/boat Preparation.  

4.4.1. Remove a glass petri dish containing sample from the desiccator.  Every 

other sample regardless of type will be a duplicate.  Place a cleaned tin boat 

in the pelletizer die.    

4.4.1.1. If analyzing particulate filters, using the pelletizer die as a work surface, 

the filter must be folded twice in order to fit the filter into the boat. 

Using forceps place the folded filter into the boat and pack it down. 

Be careful not to lose any material from filter.  
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4.4.1.2. If analyzing sediments, tare the tin boat on the microbalance, place in 

die, using scoop tool, place a small amount of sediment in boat (low 

mg quantities), weigh, and record weight.  

4.4.2. Remove boat from die, z-fold the top, and fold over the top and pack the 

boat  until it is a three-dimensional cube or sphere.     

4.4.3. Place boat in labeled tray or autosampler and record sample location.  Dip 

all forceps used into a 100-ml acetone filled beaker, to clean them.  

Using a Kimwipe, dipped in acetone, clean the pelletizer die.  Repeat 

procedure for next sample.  Be sure all acetone has evaporated away.  

4.5. Blank and Standard Preparation.  

4.5.1. Three types of blanks, gas, boat and filter, will be used during the analysis.    

4.5.1.1. Gas blanks will consist of nothing more than an empty chamber on 

the autosampler rack.  This will represent baseline C and N.  

4.5.1.2. Boat blanks will consist of empty folded boats placed in the autosampler.  

4.5.1.3. Filter blanks, during particulate analysis represent the lab/field blank 

(DI filtered through), sample preparation is the same as all of the 

other samples.  This value will be subtracted from the samples as 

the blank.  

4.5.2. Using a tared boat, weigh out a representative amount of the Aspartic Acid 

standard (~1mg)and record the weight. Also using a tared boat, weigh out 
a representative amount (~25 mg) of the SRM to be used and record the 

weight.  Run blanks, SRMs and standards at intervals as outlined in the 

project protocol, usually every 10 samples.  
4.5.3. Standard amounts for the curve and the standard unknowns should be 

calculated from the C and N expected in the samples. Here are typical 
weights used for calibration:  

mg of Aspartic Acid N (:g) C (:g)  
0.50  53 180  

1.00  105 361  

 
1.50  158 541  

2.00  210 722  

 

2.50  263 902  

4.6. Sample Analysis.  

4.6.1.  Sample runs should consist of the following:  

-A standard curve with a Bypass, Blank, and five standards  

-An Aspartic, SRM and Boat blank as standard unknowns  
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  Unknown samples run in duplicate  

  Run standard unknowns for all the samples (~ every 10 samples)  

 

4.6.2. Follow manufacturers guidelines for the operation and set up of 

instrument.  

5. REFERENCES.  

5.1. Carlo Erba Manuals.  

5.2. US. Environmental Protection Agency. 1992. Determination of carbon and 

nitrogen in sediments and particulates of estuarine/coastal waters using 

elemental analysis. Method 440.0 In: Methods for the Determination of 

Chemical Substances in Marine and Estuarine Environmental Samples.  

EPA/600/R-92/121 ORD, Washington DC.  

 

 

SOP # 024 DOC & TOC 
 
 

 ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA PATRICK CENTER 

FOR ENVIRONMENTAL RESEARCH  

DISSOLVED ORGANIC CARBON AND TOTAL ORGANIC CARBON  
Prepared By: Jennifer DeAlteris/Karen Bushaw-Newton  

 

DISSOLVED ORGANIC CARBON AND TOTAL ORGANIC CARBON  
1.0 SCOPE AND APPLICATION  

1.1 This method is applicable to drinking and surface waters, domestic and industrial wastes 
with organic carbon in the range of 0.1 to 100.0 mg/L. The range can be extended by sample 

dilution or volume injected.  

2.0 SUMMARY OF METHOD  

2.1 Total Carbon (TC) combustion tube is filled with oxidation catalyst and heated to 680
0

 C. 
Carrier gas (high purity air) is supplied into this tube after it is controlled at a flow rate of 

150mL/minute by a pressure controller and mass flow controller and moistened by a 

humidifier.  Before a sample is introduced, it is acidified and sparged for several minutes 
with high purity air to remove any inorganic carbon and evaporate any volatile organic 

substances. When a sample is introduced to the TC combustion tube, the TC component of 

the sample combusts (oxidizes) to become CO
2
. The carrier gas which contains combustion 

products flows through an IC reaction vessel and cooled and dried by a humidifier.  It is then 

sent through a halogen scrubber, into a sample cell set in a non-dispersive infrared gas 

analyzer (NDIR) where CO
2
 is detected. The NDIR outputs a detection signal which 

generates a peak whose area is calculated by the TOC Control software.  

3.0 COMMENTS  

Procedure No. P-16-99r2  
Rev. 2 (03/02)  
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3.1 Samples should be stored in pre-cleaned Teflon or glass vials. The whole water sample is 

used for TOC and an aliquot filtered through a pre-heated (450
o

C for 4 hr) clean 0.7:m glass 

fiber filter is used for DOC.  The samples should be frozen. Alternatively, samples may be 

preserved with 50% HNO
3
 to a pH <2.0 and stored at 4

o

C. Sample holding time is 28 days.  

4.0 APPARATUS  

4.1 Shimadzu TOC-5000A analyzer and TOC Control software  

4.2 High purity air  

4.3 Muffled glass vials (6mL or 40mL)  

4.4 Muffled aluminum foil tops for glass vials  

4.5 2 N HCl  

5.0 STANDARDS  

5.1 Stock standard, 1000 mg/L (1000 ppm): Prepare 2.125 g of reagent grade potassium 
hydrogen phthalate to 1 L with deionized water in a volumetric flask. The potassium 

hydrogen phthalate is stored in a dessicator until used.  

5.2 Antipyrene Reference Sample: Prepare about 0.2g antipyrene to 200mL with deionized 

water in a volumetric flask, this makes approximately a 700mg/L C solution.  This solution is 

then further diluted by 1mL in a 100mL volumetric flask with deionized water to make 
approximately a 7mg/L solution which is the reference sample.  

6.0 PROCEDURE  
 

6.1 Open the TOC Control software on the PC.  

6.2 Connect the TOC control software to the instrument.  From the Measure menu, 

select connect (See page 24 of the TOC Control Software Manual).  This will turn on 

the furnace, and it will begin to heat up.  

6.3 From the View menu, select Background Monitor.  This will allow the user to 

monitor the baseline and adjust it (with a screw driver on top of the instrument) once 

the oven is at temperature.  Note: this window must be shut to start a run.  When 

checking and adjusting the baseline, look at the scale and range. If you are using 

Range 1 (low DOC concentrations) then use Range 1 for adjusting the scale.  

6.4 Create a Sample Table (see pages 25-36 of the  TOC Control Software Manual).  

6.4.1 To create a calibration curve, from the Edit menu, select Insert 

Standard. Follow instructions as listed on pages 27-31 of the TOC 

Control Software Manual.  
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6.4.2 To create an unknown run of samples (see pages 31-36 of 

the  TOC Control Software Manual), from the Edit menu, select 
AutoGenerate (see page  

 
 
65-66 of the TOC Control Software Manual).  This will allow the 

user to automatically fill a number of rows in the sample table using 
the same method for all samples.   

 
6.5 Prepare standards or samples in the muffled glass vials, top 
with muffled aluminum foil and place in the autosampler.  When the 

tray is filled, replace the lid of the autosampler.  Before running 
samples it is a good idea to run some water samples first to make 

sure the baseline is stabilized and the machine is running well.  A 
separate water method can be set up and used before every run.  
 

6.6 From the Measure menu, choose Start.  To watch the 
injections, from the View menu, open the Realtime Window.  This 

will also allow the user to exclude any inconsistent injections as the 
instrument is running (see page 65 of the  TOC Control Software 
Manual). Results will also appear in the Sample Table window.   

 
6.7 When the instrument is finished running, the user should print 

out a Quick Report from the Report menu.  This is the hard copy of 
results. The user should also export the data (see page 127-129 of 
the TOC Control Software Manual). The exported file is in a text 

form which is then opened in Notepad and resaved as an excel file.  
 

7.0 TROUBLE SHOOTING  
7.1 Before samples and standards are run, it is a good idea 

to run a series of water injections (2 water samples of 10 injections 

per sample).  Samples are run based on old curves. This has been 
shown to help stabilize the machine. After the water samples are 

run, check the baseline to see if it is staying at zero.  
 
7.2 NEVER let the water in the rinse bottle dry out.  

 
7.3 If machine has not been for a period, make sure that 

there is enough air in the tank >500 psi, and all parts of the 
machine are working properly.  Make sure that the CO

2
 trap 

contains water (there is already NaOH in the trap). Make sure the 

instrument has sparging pressure and is producing bubbles. It is a 
good idea to test machine with water samples as described in 7.1.  
8.0 REFERENCE TOC Control Software Manual 1997. Shimadzu 

Corporation, Kyoto, 604, Japan. Instruction Manual Total Organic 
Carbon Analyzer Model TOC-5000A. Shimadzu Corporation, 

Process&Environmental Instrumentation Division,  Kyoto, 604, 
Japan. Kaplan, Louis A. 2000. Comparison of three TOC 
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methodologies.  AWWA 92: 149-156. Wangersky, P.J. 1993. 
Dissolved organic carbon methods: A critical review. Mar. Chem. 

41: 61 
 

 
 

Ammonia+Ammonium-N Determination by the Alpkem Continuous Flow 

Analyzer: Surface Waters (A303-S020).  
Prepared By: Paul Kiry and David Velinsky  

Procedure No. P-16-09 (surface waters) Rev. 1 (7/03)  

 

Ammonia+Ammonium-N Determination by the Alpkem Continuous Flow 

Analyzer (A303-S020).  

1.0 Summary of Method  

Ammonia reacts with alkaline hypochlorite and phenol to form indophenol blue. Sodium 

nitroferricyanide accelerates the formation of indophenol blue which is measured at 640 nm. 

This is a modified method based on EPA Method 350.1. For most waters (freshwater or 

marine), the ammonia-ammonium does not need to be distilled (see EPA Method 349.0 

(1997), Wetzel and Likens (1990), USGS (1993; I-2523-85) and others) unless the matrix 

interferes with the color development and reading on spectrophotometer (i.e., background 

color).  

 

2.0 Interferences  

Precipitation of calcium and magnesium hydroxides is eliminated by the addition of a 

combined potassium sodium tartrate/sodium citrate complexing reagent. Turbid samples 

should be filtered. Samples with background absorbance at the analytical wavelength may 

interfere.  

 

3.0 Sample Handling and Preservation  

Determine un-preserved samples immediately upon collection or otherwise freeze. Samples 

may be preserved with concentrated sulfuric acid and refrigerated at 4C. The holding time 

for preserved samples is 28 days.  

 

4.0 Reagents  

SOP # 025 Ammonia & 
Ammonium-N 
THE ACADEMY OF NATURAL SCIENCES  

 

Patrick Center for Environmental Sciences   

 Procedure No. P-16-09  

 Rev. 1 (7/03)  
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All reagents are prepared with deionized water (DI).  

Complexing Reagent (500 ml)  

Potassim Sodium Tartrate 16.5g  
Sodium Citrate 12.0g  

Deionized Water  

Concentrated Sulfuric Acid as required  
Dissolve the potassium sodium tartrate in about 300ml of DI contained in a 500ml beaker 

on a  
stir plate. Then add the sodium citrate and dissolve. Adjust the pH of the solution to 5.0 

with the sulfuric acid. Transfer the solution to a 500ml volumetric flask and bring to 

volume with  
 

DI.. Add 0.4ml of Brij 35/500ml  

Alkaline Phenol Solution (200ml)  

Sodium Hydroxide 7.2g  

Liquid Phenol (12% water) 18.8ml  

Dissolve the sodium hydroxide in about 125 ml of DI contained in a 200ml volumetric 

flask  

on a stir plate; then add the 18.8ml of liquid phenol and bring to 

volume. Sodium Hypochlorite Solution (1:1)  

Household bleach  

Mix 30ml of household bleach with 30ml of DI. Sodium Nitroferricyanide (Sodium 

Nitroprusside) Solution 200ml  

Sodium Nitroferricyanide 0.1g  

Dissolve the sodium nitroferricyanide in about 125 ml of DI contained in a 200ml 

volumetric  

flask on a stir plate. Bring to 200ml volume with DI.  

 

5.0 Calibrants  

Purchase a 1000 mg NH
3
-N/L certified reference standard (CRS) that is NIST traceable.  

Working Calibrants (100 mL)  

Use adjustable, microliter pipets to add the designated volumes of stock calibrant to the 
required number of volumetric flasks that each contain approximately 50 mL of deionized 

water. Dilute each solution to the mark with deionized water and mix it well. Keep these 
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solutions tightly sealed. If the samples are preserved with sulfuric acid, add acid in the same 

proportion to each volumetric flask.  

Prepare a stock standard of 10 mg NH
3
-N/L by diluting 1.0 ml of the stock 1000 mg/L to 100 

ml with deionized water (DI).  

Prepare calibrants in the desired range as suggested by the table below.  

Working calibrants should be prepare fresh as required.  

0.5 mg/l = 5.0ml @ 10.0mg/L & QS to 100ml with DI  

0.3 mg/l = 3.0ml @ 10.0mg/L & QS to 100ml with DI  

0.2 mg/l = 2.0ml @ 10.0mg/L & QS to 100ml with DI  

0.1 mg/l = 2.0ml @ 10.0mg/L & QS to 200ml with DI  

0.05 mg/l = 1.0ml @ 10.0mg/L & QS to 200ml with DI  

0.01 mg/l = 0.2ml @ 10.0mg/L & QS to 200ml with DI  

0.0 mg/L = Deionized water  

 
6.0 CALIBRATION  

Run the standards from the highest to the lowest. Include deionized water as the lowest 

concentration and assign it a value of 0.0 mg/L. The correlation coefficient for the curve 

should be > 0.995 and > 0.999 is preferred.  

 

7.0 RUNNING SAMPLES  

After calibrating, the initial QC samples should be run as a check of the calibration curve. 

If the curve is found to meet the QC criteria the sample run can begin. Refer to the Alpkem 

RFA 300 analytical methods notebook found in the laboratory for more specifics about the 

analysis. All samples should be within the range of the standards. Samples that are off scale 

should be diluted and rerun. Make a note of the dilution factor.  

 

8.0 QUALITY ASSURANCE  

At the beginning and end of each run, run a QC sample (NIST traceable) with known 

concentration, a calibration standard and a blank. Sample duplicates, sample spikes, a 

calibration standard and blanks should be run at a frequency of 10%. Blanks should read no 
greater than two times the detection limit. Other values should meet the criteria as set forth in 

the specific project QAPP. If a value is not acceptable, the problem should be resolved and 
samples rerun from the point where the QC’s were found to be in control. The detection limit 

is about 0.01mg/L.  

 

9.0 Notes  

This SOP has described the general operation and procedures for the ALPKEM RFA 300 

system. Manuals and notebooks in the laboratory contain more information about the analysis 

and should be referred to by the analyst.  
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SOP # 026 TKN 
 
 
TOTAL AND SOLUBLE KJELDAL NITROGEN DETERMINATION BY THE ALPKEM 

CONTINUOUS FLOW ANALYZER I. DIGESTION  

Prepared By: Paul Kiry  

 

I. DIGESTION Procedure No. P-16-96 Rev. 1 (7/03)  

Prerequisite : Use of this method requires knowledge on the set-up and operation of the 

Alpkem Continuous Flow Analyzer and laboratory computer for data acquisition.  

1.0 METHOD  

1.1 Semi-automated phenate block digester procedure.  

2.0 SUMMARY  
 

2.1 An unfiltered or filtered water sample is heated in the presence of H
2
SO

4
, K

2
SO

4
, and 

HgSO
4
. Ammonia and organic nitrogen compounds are converted to ammonium sulfate and 

quantitatively determined for ammonia.  

3.0 APPARATUS  
 

3.1 Block digester.  

3.2 Ammonia manifold for the Alpkem analyzer with dilution loop.(See Figure)  

3.3 Boiling chips.(Hengar Granules)  

3.4 Alpkem RFA 300 continuous flow analyzer.  

3.5 Colorimeter with 15 mm flow cell and 640 mm filters.  

3.6 Strip chart recorder and computer.  

4.0 STANDARD SOLUTIONS  
 

4.1 The working range of this method is from 0.1 to 2.0  ppm kjeldahl nitrogen.  

4.2 Stock standard is 1000 mg/L NH
3
-N certified reference standard (CRS) NIST traceable.  

THE ACADEMY OF NATURAL SCIENCES   
ENVIRONMENTAL RESEARCH DIVISION   

 Procedure No. P-16-96  

 Rev. 1 (7/03)  
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4.3 Preparation of working standards: Prepare a stock standard of 10.0 mg NH
3
-N/L by 

diluting 1.0 ml of the stock 1000 mg/L to 100 ml with deionized water (DI).  
3.0 mg/L = 3.0 ml @ 10.0 mg/L in a digestion tube + 7.0ml DI + 2.0ml of digestion solution  

2.0 mg/L = 2.0 ml @ 10.0 mg/L in a digestion tube + 8.0ml DI + 2.0ml of digestion solution  
1.0 mg/L = 1.0 ml @ 10.0 mg/L in a digestion tube + 9.0ml DI + 2.0ml of digestion solution  

0.5 mg/L = 0.5 ml @ 10.0 mg/L in a digestion tube + 9.5ml DI + 2.0ml of digestion solution  

0.3 mg/L = 0.3 ml @ 10.0 mg/L in a digestion tube + 9.7ml DI + 2.0ml of digestion solution  
0.1 mg/L = 1.0 ml @ 10.0 mg/L in a digestion tube + 9.9ml DI + 2.0ml of digestion solution  

0.05 mg/L = 1.0 ml @ 10.0 mg/L in a digestion tube + 10.0ml DI + 2.0ml of digestion 
solution  

0.0 mg/L = 0.0 ml @ 10.0 mg/L in a digestion tube + 10.0ml DI + 2.0ml of digestion 

solution Add 2-3 boiling chips to each of the tubes above .  

5.0 DETECTION LIMIT  

5.1 The detection limit for this method is 0.1 mg/L as nitrogen.  

6.0 DIGESTION REAGENTS  
 

6.1 Prepare 200mL of digestion reagent by dissolving 0.4 g of HgO in 5.0mL of 6N H
2
SO

4
 

in a 30ml vial. Add 40mL of concentrated H
2
SO

4
 to approximately 250 mL of deionized 

water in a 200ml volumetric flask on a heated stir plate. While hot add 26.8 g of K
2
SO

4
 and 

dissolve. Add the HgO solution by rinsing the vial several times into the flask and dilute to 

200mL. Label as digestion reagent for TKN/SKN and date bottle. Store at room 

temperature >20
o
C.  

6.2 Prepare 6N H
2
SO

4 
by diluting 17.0mL of concentrated H

2
SO

4
 to 100mL with 

deionized water.  

6.3 Prepare the dilution manifold solution by dissolving 7g of NaOH in deionized water 

and dilute to 400ml with deionized water.  

6.4 Prepare the sample wash solution by diluting 5mL of the digestion solution to 500ml with 
deionized water.  

7.0 PROCEDURE  
 

7.1 Water samples are shaken to disperse suspended solids. Take a 10 mL aliquot of 

dispersed water sample and place in a digestion tube. Add one boiling chip and 2mL of 

digestion solution. Per digestion rack (typically 40 tubes) include four distilled water blanks 

and a series of standards. The tubes are placed in the block digester.  

The block digester is preheated to 150-200
o

C. After temperature stabilization (1hr) place the 

rack containing the sample tubes in the digester. for 1/2 to 1 hr or until the sample volume is 

reduced to 2-3 mL. Care must be taken to maintain the temperature so the samples do not boil 

over or bump. The samples are then moved to a second block and heated at 380
o

C for 75 
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minutes. After the digestion period, samples are removed from the digester and allowed to 

cool. After cooling, 10mL of deionized water is added to each tube and the tubes are mixed 

on a vortex mixer. The digested sample is pipetted from the digestion tube into a clean 

polyethylene plastic cup.  

7.2 For analysis, cups are placed directly in the autosampler tray.  

7.3 The ammonia manifold dilution loop is shown in Figure 1. Colors 

indicate pump tubing size.  

7.4 For analysis of ammonia by the Alpkem, see appropriate standard procedure.  
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1.0 METHOD  

1.1 Determination of chlorophyll a in sediments or benthic algae (i.e., periphyton).  

2.0 METHOD SUMMARY  

 

2.1 The most useful chemical method for determining the total quantity or biomass of benthic 
algae (i.e., periphyton) or sediment algae (i.e., microphytobenthos) is to estimate the amount 

of chlorophyll (as Chlor a). This value is used to determine the amount of plant biomass that 

is present in the sediment.  In general, the fluorometric acidification method is 5 to 10 times 
more sensitive than the spectrophotometric method but may be less accurate if high 

concentrations of chlorophyll b are present.  Using different optical filters in the fluorometer, 
we can better measure chlorophyll a without interference from chlorophyll b and 

pheopigments. However, the filter arrangement in the Turner TD-700 yields accurate 

chlorophyll a values. In addition, due to high concentrations of benthic algae, the 

spectrophotometric method can also be used.   

The procedure below outlines the method used to estimate algal biomass as Chlorophyll a. In 

field collection of sample is described in other operating procedures.  Field samples should 

be stored frozen at all times (< -20
o

C) prior to analysis.  

3.0 APPARATUS Pre-cleaned and tared; 250 ml HDPE bottles or 50 mL centrifuge tubes 
Analytical Balance capable of weighing to 0.0001g Tekmar Tissue homogenizer, Waring 

Laboratory blender or appropriate mixing system Sorvall RC-5B refrigerated superspeed 

centrifuge 15ml glass centrifuge tubes and Teflon lined lids ACS quality acetone diluted with 
DI water (90% v/v) Chlorophyll a standard free of b and c forms (Sigma Chemicals) 

Fluorometer (Turner Designs TD-700 or equivalent) and proper lamp (a blue lamp) and 

filters (TD P/N 7000-962)  

4.0 PROCEDURE (Note: In laboratory, all analysis should be performed in a darkened 
room.)  

 

4.1 Take clean 250ml HDPE bottles or 50 mL centrifuge tubes and rinse container with 

some mild detergent and copious amounts of DDW.  Air dry or use low temperature oven 

(< 40
o

C). Place marking tape on bottle and write ID # on tape.  Weigh bottle, with cap, to 

nearest 0.01g and record weight on bottle and in data sheet.  

4.2 In field, place sample into pre-weighed bottle (See Collection SOP and below for 

summary). Fill bottle no more than 2/3 full with water and algae, if possible.  This sample 

will be used for total chlorophyll a and other parameters if needed (%organic matter, carbon, 

nitrogen; see relevant SOPs). Keep sample at 4
o

C in the field. It is best to homogenize the 

sample and remove excess water as soon as possible (within 24 hrs).  
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4.3 In laboratory, keep sample cold.  If there are large rocks in the sample, they may be 

carefully scooped out with a metal spatula prior to grinding.  Put sample into clean, DDW 

rinsed Warning glass or metal blender.  Dependent on the sample, grind and homogenize the 

sample for less than 1 minute on low.  In some cases the samples do not need to be placed 

into blender and can be mixed with a simple spatula.    

4.4 Transfer the ground sample back into the pre-weighed bottle, rinsing any remaining 

sample from the blender into the bottle with minimal amounts of site water or DDW if none 

is available.    

4.5 Keep samples in dark and cold.  Repeat steps 3 and 4 for six samples (i.e., rotor head 

of centrifuge can hold six samples).  

4.6 Weigh ground sample bottles so that all are within 0.2g of each other (add site water or 

DDW to adjust bottle weights). This is to ensure that there is an even balance in the 

centrifuge.    

4.7 Centrifuge samples, using Sorvall RC-5B refrigerated superspeed centrifuge for 20 

minutes at 4
o

C and 5000 rpm. Carefully decant overlying water. Reweigh bottle to the 

nearest 0.01g.  

4.8 Samples may be stored frozen at this point.  It is best to analyze samples within 1 month 

of collection, however there are references and communications that suggests that frozen 

samples can be stored up to 3 to 6 months.   

5.1 CHLOROPHYLL a PREPARATION  
 

5.1 When ready for analysis, thaw samples, and homogenize by stirring with a spatula.  Take 

approximately 0.2 grams of sample, record the weight to nearest 0.0001g, and place the 

subsample in a small 15 ml test tube used for chlorophyll. Add 5 ml of 90% acetone.  Grind 

sample gently with Teflon tissue homogenizer, then rinse the homogenizer with 5 ml of 90% 

acetone into the centrifuge tube using Pasteur pipettes (i.e., long tipped eye droppers).  Total 

volume should be 10 ml.  Cap tube and shake. Place in rack in refrigerator for 48 hours, 

shaking (agitating) twice daily. Each sample is done in duplicate, with every 10
th

 sample in 

triplicate.  

(NOTE: For better replication or for other reasons decided upon by the PI, larger sample 

sizes can be used. This means scaling up the amount of 90% acetone used in larger tubes.  

Samples must not contain substantial amounts of water as this would dilute the acetone and 

lower the extraction efficiencies, this is the purpose of the centrifugation.)  

5.2 After the final agitation, let all sediment settle down the bottom of the tube (wait about 30 

minutes).  Carefully, using Pasteur pipette, take enough sample and place in cell and read on 

fluorometer. (See operating manual for flourometer).  IF SAMPLE READING IS OFF 
SCALE, (which will happen if there is any green color) the DILUTE sample. As an example, 

pipette 100 :l of sample and dilute to 10 ml (100x dilution), use graduated cylinder (marked 
to the nearest 0.1ml).  Record fluorescence and dilution factor.  
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NOTE: Fluorometer needs to be calibrated every month (see SOP for filtered chlorophyll for 

calibration method).  Current information suggest that once every three months may be good 

as long as Turner solid standard is stable. Turner check standards, blanks, and triplicates 
should be run every ten samples.  Also, samples can be run using a spectrophotometer, 

without as much dilution.  

5.3 Calculate chlorophyll a concentrations to :g/g wet weight. By knowing the total mass of 
wet benthic algae/sediment and surface area of sample, calculate :g Chlor a/area or units that 

are appropriate.  

6.0 CALCULATIONS Chl a (ug/g wet) = (FD (Rsample - Rblank) X (v/g wet) X df X cf  

FD = calibration factor (i.e., slope) Rsample = fluorometer reading of sample Rblank  = 
fluorometer reading of blank v = volume of acetone extract in milliliters g wet = wet weight 

of sediment extracted in grams df = dilution factor if used (otherwise use 1) cf = conversion 

factor, 0.001 (1L/1000mL)  

7.0 QUALITY CONTROL/ASSURANCE OBJECTIVES Precision between duplicate 
samples can be calculated as the RPD and should be within the range of "20. Triplicate 

analysis can have relative standard deviations (RSD = std. dev./mean X 100) of less than 

10%. If RPDs or RSDs are higher evaluate if the sample can be homogenized. Depending on 
collection, there could be small rocks or pebbles in the samples that would limit the 

duplication of the analysis. If the RPD is outside this range, qualify the data as estimated 
using the letter J.  

8.0 REFERENCES  
 

Arar, Elizabeth A., and Gary B. Collins.  Sept 1997.  EPA Method 445.0-1 Rev.1.2, In 

Vitro Determination of Chlorophyll a and Pheophytin a in Marine and Fresh water 

Algae by Fluorescence.  

Welschmeyer, Nicholas A.  1994. Fluorometric analysis of chlorophyll a in the 

presence of chlorophyll b and pheopigments.  Limnol. Oceanogr. 39(8): 1985-1992.  

 

Appendix:  
A-1. Chlorophyl a/Ash Free Dry Mass (AFDM) Sampling, Analyses and Data Entry  

Summary: Rocks are selected from river or stream, photographed and the algae are scraped 

into pre-weighed and pre-cleaned HDPE 250 ml wide mouth sample bottle.  Surface area of 

rock is obtained via foil wrapping and outlining of rock.  Sample is stored at 4
o

C in the dark 

in the field until returned into the laboratory. For a specific site, multiple rocks are used to 

assess stream variability and differences between sites.  

1.1 Field  
1.1.1 All field notes, sample labels, etc. to be written in waterproof ink.  

1.1.2 All field notes must be dated and the names of the field workers 

collecting the samples recorded.  
1.1.3 Chl a and AFDM sample bottles must be labeled with the site, rock 

number, bottle number, and date. (Note: Bottles must be pre-weighed with 
tape and labels).  

1.1.4 Algal samples for chl a and AFDM must be labeled and placed on ice 

in cooler immediately after scraping.   
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1.1.5 Place sampled rocks in a row to ensure rocks are kept in the correct 

order (i.e., sample 1-5, left to right).  

1.1.6 Photograph all rocks before algae removal process begins. To 

document, include in photo a white card (e.g., 3 x 5) with sample date 

and station ID written with thick, dark letters.  

1.1.7 Scrape algae off of each rock into individual pan using no more than 

200 ml of site water. If possible remove small stones from surface prior to 

scraping. Use putty scraper, wire brush, toothbrush to help remove algae. 

Use squirt bottle of water to help rinse rock surface during procedure. Once 

complete and happy with scraping carefully decant some water from solid 

material, if possible, then place water/algae slurry into pre-weighed HDPE 

bottle. Record relevant information on bottle and data sheet.  

1.1.8 To ensure accurate assessment of surface area sampled, cover sampled 

area with foil as soon after sampling as possible. In the event that covering 

with foil cannot be done immediately, use a red wax pen to mark sample 

boundary following removal of algae.  
1.1.9 When outlining rocks, ensure that the date, site, initials of person 

doing outlining, and type of sample (i.e., monitoring or taxa/biomass) are 

labeled on both sides of the paper. Use waterproof pen and waterproof 
paper.  

1.1.10 When outlining sampled rocks (surface and outline areas), outlines 

can overlap one another, provided each rock outline is distinguishable 
from others (using different colored pens is helpful). Label the outline(s) 

referencing the rock number. Add collector’s initials to rock outline 
page(s).  

1.1.11 When finished with the rocks (i.e., sampled and area outlined) 

ensure that they are returned to the river upstream or downstream of the 
sample area to prevent them from being re-sampled on future trips.  

1.1.12 Complete chain of custody when returning to vehicle/field lab. If contents 

of more than one bottle are to be combined in the lab, this should be clearly 

stated on the form.  

1.2.2 Planimetering outlines of rock and foil outlines  

1.2.2.1 After the area of each rock is measured, write on top of the paper the 

name of person doing measurements, and the date; write area (in cm) on the paper    

adjacent to the outline.  
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SOP # 028 Macrofauna 
 

Macrofaunal Integrity Survey in Tidal Wetlands 

 

1. INTRODUCTION. 

 
1.1.  The following procedures are used for surveying and sampling macrofaunal  
abundance and diversity in tidal wetlands.  

 
1.2. Epifaunal and infaunal macroinvertebrates larger than 1 cm body length are 

targeted using methods that are minimally disruptive.  Examples taxa include 
bivalves, gastropods, crustaceans and annelids.   
 

1.3. The method relies on assessment of animals within fixed area quadrats.  
Depending on the study questions to be answered, these quadrats can be placed 

either randomly or systematically in the wetland.   
 
 1.3.1. Random quadrat placement – used for characterizing average  

 macrofauna diversity and abundance within a particular tidal zone, plant  
 community type, or marsh type.  This method is useful for conducting  

 rapid assessments at points that fall randomly in different types of  
 wetlands and different elevations. 
 

 1.3.2. Systematic quadrat placement – used for characterizing average  
 macrofauna diversity and abundance across tidal zones within a marsh  

 type.  This method isuseful also for tracking change over time at fixed  
 locations (i.e., along fixed transects.) 
 

1.4.  For the Mid-Atlantic Wetland Condition Assessment (MACWA,) quadrats 
will be placed randomly (Section 1.3.1) for rapid assessments (Tier 2,) and 

systematically along fixed transects (Section 1.3.2) for the fixed station 
monitoring (Tier 4.) 

 

2. METHOD. 
 

2.1.  Live specimens of macrofauna or associated evidence of presence (e.g., crab 
burrows) are identified and counted within quadrats. 
 

2.2.  Quadrats will generally be 0.25 m2, however quadrats of 1 m2 can be used in 
areas where there are sparse lifeforms (e.g., high marsh). 

 
2.3.  Within each quadrat, macrofauna will be searched in or on emergent 
vegetation, in or on litter, or evident on the benthic surface.  Larger specimens 

(e.g. bivalves) will be measured for body size.   
 

2.4.  Data will be analyzed for macrofauna richness, abundance for each species, 
and size class distribution for biomass dominants. 
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2.5.  For random quadrat placement (Section 1.3.1),  PVC quadrat frames are 

thrown repeatedly in different directions.  For rapid assessments for MACWA, 
the number of throws depend on the project budget; however, as a general rule at 

least three quadrats should be assessed per strata and site (e.g. 3 in high marsh and 
3 in low marsh).  In cases where sampling is to be conducted at one point, 4 
throws will be made, one in  each of the four cardinal directions.   

 
2.6.  For systematic quadrat placement, (Section 1.3.2), quadrats are situated 

along each fixed transect that crosses the major tidal zones at each wetland 
monitoring station.  At least three quadrats are situated within the vegetated low 
marsh (i.e., regularly flooded) and at least three are situated in the high marsh 

(irregularly flooded.) 
 

3. METHOD SUMMARY. 
 

3.1. Macrofauna are sampled within tidal wetlands.   

 
The diversity and relative abundance of mollusks, crustaceans and larger annelids  

is determined within randomly placed 0.25 m2 quadrats.  Surveys include  
dentifying the species and habitat (on emergent vegetation, litter, and wetland  
surface, as well as the number of fiddler crab burrows).   

 
3.2 Identification 

 
Field samplers will possess the expertise to identify commonly encountered  
macrofauna.  Any species >1 cm in body length that can be sampled without  

damage and not easily identified will be collected and placed on ice for taxonomic  
examination in the laboratory within 48 hours of collection.   

 
4. APPARATUS. 
 

4.1. Invertebrate field guide 
 

4.2. 0.25 m2 quadrat  
 
4.3. Waterproof Field notebook 

 
4.4. Pencil 

 
4.5. Camera 
 

4.6. Plastic bags and bottles 
 

4.7. Waterproof marker 
 
4.8. Measuring tape 

 
4.9. GPS 
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4.10. Dissecting microscope 
 

4.10  Digital calipers 
 
 

 
5.  PROCEDURE. 

 
5.1. Macrofauna Survey 

  

5.1.1. A 0.25 m-2 quadrat will be situated as noted above (Section 2.5 or 
2.6).  The quadrat will be carefully shimmied to the ground so that erect 

vascular plants are not pushed over but stand tall through the quadrat.   
 

5.1.2. All mollusks, crustaceans and evident annelids will be identified and 

counted, taking care to examine the surfaces of emergent vegetation, the 
exterior and interior areas of litter, and on the wetland soil surface. 

 
5.1.3. The species, number, habitat type, and plant community will be 

recorded.   

 
5.1.4. For any readily available macrofauna greater than 1 cm long, such 

as infauna bivalves, up to 15 animals will be sized (maximum body length) using 
a micrometer.  These will be chosen for sizing randomly in the order that they are 
encountered moving from one side of the quadrat toward the other. 

 
5.1.5. For an estimate of fiddler crab abundance, the number of burrows 

will be counted. 
 
5.1.6.  If any species are not easily identified in the field, example 

specimens will be collected for further analysis at the laboratory using a 
dissecting microscope.  Samples collected for subsequent analysis will be 

placed into plastic bags or bottles, and held on ice for transport to the lab.  
Digital photos will also be taken for example macrofauna that are not 
easily sampled.   

 
 

6. DATA REPORTING 
 

6.1. Data will be collected and put into a spreadsheet for dissemination.   

 
 

 

REFERENCES 
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U.S. EPA. 2002. Methods for Evaluating Wetland Condition: Developing an Invertebrate 

Index 
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SOP # 029 Vegetation 
 
ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA 

PATRICK CENTER FOR ENVIRONMENTAL RESEARCH  
 

Procedure No. P-16-128 
Rev. 0 (09/2010) 

 

 
Percent Cover and Height Determination of Vegetation within Quadrats 

 
 

Prepared By:  Tracy Quirk, Roger Thomas and David Velinsky 

   
 

Percent Cover and Height Determination of Vegetation within Quadrats 
 
1.  SCOPE AND APPLICATION 

 
1.1.  To characterize the vegetation within a specific area, species specific 

percent cover and  richness (number of species) and an estimate of canopy height may 
be used. This method  is applicable to herbaceous vegetation.  

 

2. SUMMARY OF METHOD 

 

2.1.   A quadrat of known area is placed in a vegetated habitat. The total number of 
species (i.e., species richness) within the quadrat is documented. The percent 
cover of each species is estimated using the Daubenmire Method (Brower et al. 

1998).  Canopy height is determined by species and estimated by taking the height 
of 90% of the individual shoots.   

  
  
3.  APPARATUS 

  
3.1. Quadrat of known area (made of wood or PVC) 

 
3.2. Field notebook 
 

3.3. Data sheets  
 

3.4. Measuring tape  
 
3.5. Pencil 

 
3.6. Field guide for plant community  

 
 



 
 

142 

 

142 

4. PROCEDURE 

  
4.1. Establish quadrat in vegetation  

 
4.2. Identify and count the number of species within each quadrat 
 

4.3. Estimate the percent cover of each species using the Daubenmire Method 
(Brower et al. 1998) 

 
 4.3.1. The Daubenmire Method uses cover classes, a range of coverage,  
 and a midpoint of the range for percent cover determination.  

 

Cover Class Range of Coverage Midpoint of Range

1 -5% 2.5%

2 5-25% 15.0%

3 25-50% 37.5%

4 50-75% 62.5%

5 75-95% 85.0%

6 95-100% 97.5%  
 

 4.3.2. Observe the quadrat frame from directly above and estimate the  
 cover class for all individuals of a plant species in the quadrat as a unit. All  
 other kinds of plants are ignored  as each plant species is considered  

 separately. 
 

 4.3.3. Imagine a line drawn about the leaf tips of the undisturbed canopies  
 (ignoring inflorescence) and project these polygonal images onto the  
 ground. This projection is  considered "canopy coverage" Decide which of  

 the classes the canopy coverage of the  species falls into and record on  
 the form. 

 
 4.3.4. Canopies extending over the quadrat are estimated even if the  
 plants are not rooted in the quadrat. 

 
 4.3.5. Collect the data at a time of maximum growth of the key species. 

  
 4.3.6. Overlapping canopy cover is included in the cover estimates by  
 species; therefore,  total cover may exceed 100 percent. Total cover may  

 not reflect actual ground cover. 
 

 4.3.7. Calculate the percent cover by species by taking the mid-point of  
 the cover class.  
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4.4. Estimate canopy height for each species  

 
 4.4.1. Using a measuring tape measure the height of each species by 

placing the tape at  the ground level and along the length of the stems and 
leaves to determine the height of  90% of the shoot length (all but the tallest 
10%).   

 
5.0 REFERENCES 

 
Brower, J.E., J.H. Zar, and C.N. von Ende. 1998. Field and Laboratory Methods 
for General  Ecology. Fourth Edition. The McGraw-Hill Companies, Inc.   
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SOP # 030 RTK 
 
 
ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA 

PATRICK CENTER FOR ENVIRONMENTAL RESEARCH 

Procedure No. P-16-125 
Rev. 0 (08/2010) 
Surveys of Elevation along Wetland Monitoring Transects using RTK GPS 

Prepared By: Jerry Mead, Tracy Quirk, and Roger Thomas 
 

Surveys of Elevation Along Wetland Monitoring Transects 

1.0 Purpose 

The purpose of this procedure is monitor elevation of the marsh along transects. Surveys 

of elevation will be conducted in conjunction with plant surveys. Hence, the elevation 
survey will also be useful for understanding linkages between plant communities and 

water level regime. 
2.0 Scope 

Surveys with a Real Time Kinematic (RTK) unit will produce within centimeter- level 

accuracy of marsh elevation changes. RTK surveys of elevation will be surveyed at 
above-typical RTK accuracy and precision because they will be surveyed off of control 

points at each Surface Elevation Table (SET). Elevation accuracy of SET rods will be 
higher when established with intensive GPS or barcode leveling to geodetic control 
points. The SET consists of a deep benchmark (6 to 20 m depending on the marsh) 

(Cahoon et al. 2002). SETs are paired with marker horizons (MH), which allow for a 
distinction between surface and subsurface processes (see separate marker horizon SOP). 

The location and elevation of monitoring features such as marker horizons, vegetation 
quadrants and transects, and others will tie very high accuracy measurements of marsh 
elevations over time to long term trends in plant communities. 

3.0 RTK survey 

Total station and RTK surveys will be referenced to SET units and performed along 

transects established for monitoring of vegetation and elevation. Within each wetland 
designated for monitoring, three transects perpendicular to the nearest main water body 
(ie., estuary or tidal creek) are established. Three individual SET-MH locations are 

established in interior marsh areas (i.e., not right on the creek bank) that are 
representative of the largest proportion of total marsh area. The distance along transects 

will be dependent on the overall area of the marsh. SET-MHs will be established along a 
distance gradient from the water along one of the three transects and mapped using RTK 
or Total station. Mapping of points along transects will be at a standard interval of 

approximately 8 meters with some areas having increased point density to capture 
breakpoints in slope or changes in plant communities. 

4.0 Survey gear 

a) 1.75 meter long threaded pipe that attaches GPS receiver to SET receiver; 
b) LEICA model 1200 RTK unit and base station licensed to use multiple satellite 

networks. 
c) 5 cm x 5 cm flat foot for survey staff (prevents staff sink into sediment); 

e) Survey code-list active (for marker specific area types) in rover GPS device. 
4.2 Method 

a) Place temporary boardwalk carefully around SET location and screw 1.75 m long 
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pipe to the SET receiver. Limit the amount of walking around location to one 

location if possible. Minimize any impact to vegetation around SET area. 
b) Attach GPS base station to threaded pipe on SET receiver: Screw the leveling base 

for the GPS unit to the top of the pipe. Make sure the pipe is screwed completely into 
both the SET receiver and the GPS receiver base. 
c) Level GPS base then measure relative height of base station on the SET receiver: 

Use the base station’s custom measuring device that mounts on the leveling base to 
measure the vertical location of the GPS base. Specifically, measure the distance from 

the leveling base to the base of the SET receiver (where it meets the concrete) and the 
joint between the SET receiver and the threaded pipe. Attach the remaining pieces of 
the GPS unit to the leveling base and connect wires and power supply to GPS. Place 

the large battery that powers the base and the GPS control system on the platform. 
e) Deploy GPS base station: First, use your measurements of the distance from the 

GPS base to the threaded joint to calculate the distance from the base (DFB) of the 
GPS unit to the TOP of the SET receiver. This can be done by subtracting the 
distance of thread cover by pipe on the SET receiver (premeasured number) or by 

having holes in the side of the pipe to allow for measurement of the offset. Next, 
deploy the base station unit using the DFB measurement as the instrument height. 

First, create a new job with a filename that includes the date of the survey, the 
abbreviate site name (ex., BB1), and the word BASE in the filename. Setup the 
survey to start measurements by entering the DFB as the instrument height. Fill out 

all the description fields in survey to include the name of the person conducting the 
survey and the full name of the study site and the date of the survey. If the survey is 

not the first in the series of monitoring (eg, the site has been surveyed before), 

enter the post-processed coordinates, including elevation, of the SET receiver 

into the setup. If the post-processed SET coordinates are not entered you will 

only be able to locate last year’s survey points within approximately 1 meter 

accuracy. 

f) Setup and deploy rover GPS unit: Assemble the rover unit and place the 5 cm X 5 
cm flat foot on the survey staff. Make sure the foot is flush with the bottom point of 
the survey staff and is secure. Next, setup the job on the rover unit and start the 

survey. If the survey has been completed in previous years you should have last 

years survey on the rovers flash card so you can see the location of survey point 

on the rover units digital map. Seeing last years points will allow the surveyor to 
resurvey transect points within a few centimeters if desired. 
h) Conduct survey during annual vegetation survey: Use the rover unit to map of 

points along monitoring transects at a standard interval of approximately 8 meters 
(can be done in paces for first survey). At each survey point assign a survey code to 

describe point conditions. Write additional observations, such as landcover, in a field 
notebook. In addition to point surveyed at stand interval, increase density survey 
points to capture breakpoints in slope or changes in plant communities. If this is a 

resurvey, use the real-time map of last year’s survey to pinpoint the resurvey points 
near last years points. However, resurveys should still adjust to capture shifts in 

transitions in vegetation communities and other features such as breakpoints in 
elevation. After transects have been surveyed, survey the top edge of the banks of the 
marsh (only for the many water body) and the borders of the study area in the marsh. 

The study border survey should extend to the top of the upper marsh to capture the 
marsh extent upslope. 
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i) Conduct survey at other SET transects in the marsh being surveyed. Leave the 

basestation running and setup at one SET receiver in the marsh. Therefore, there is 

no need to setup the base station on the SET that is nearest to the monitoring 

transects. Save time by having the devise setup once at one of the three SETs 

installed in the marsh. Use the rover to measure the locations of the tops of 
neighboring SET receivers to check for any differential settling in the three SETS in 

the marsh that could cause errors in SET data interpretation. 
g) Post-process BASE station and rover data: Download the base station data to a pc 

and submit data for post-processing to the OPUS website. Once OPUS sends position 
corrections back you can post-process rover data. Download the rover data and then 
update the survey reference point coordinates (eg, corrected base station location 

from OPUS). The update of reference point coordinates should use the high-accuracy 
measurement of elevation of the SET receiver made with barcode-leveling or 

intensive GPS rather than the OPUS elevation. However, OPUS elevation should be 
kept to monitor long term rates of subsidence or uplift. 
k) Backup both raw and post-processed data, including results from OPUS. Add 

postprocessed 
data to database. 
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