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II Introduction

This SOP gives step-by-step instructions for analyzing and processing the various water quality parameters at the end of the day of sample collection in five parks of the Arctic Network of Parks (ARCN).  The following parameters will be filtered or analyzed at the end of the day in the field camp:

· Dissolved organic carbon (DOC) samples are filtered using a 0.45 (m glass fiber filter (onto which chlorophyll-a is also filtered) and stored for off-site laboratory analysis.  

· Chlorophyll-a samples are filtered onto a 0.45 (m glass fiber filter (same as that used for DOC filtration) in the field and stored for off-site laboratory analysis.

· Alkalinity is analyzed at the field camp at the end of the sampling day.  

· Cations samples are stored for later lab analysis
· Heavy metal samples are stored for later lab analysis
· Nitrate + Nitrite, total Kjeldahl nitrogen, and total phosphorus were decanted into pre-preserved sample bottles in the field and should be stored in the cooler with ice and the DOC samples.

III Sample Filtration Procedure:

Check with the laboratory for any special requirements prior to commencing field work.  Filtration should be performed in subdued lighting.

1. Allow samples to warm to ambient temperature.

2. Start field form.

3. Measure and record air and sample water temperatures.

4. Afix a filter sample ID label to a small plastic Ziploc freezer bag.  Write the number on a 0.45 (m glass fiber filter using a fine-tipped ballpoint pen, as close to the outside edge of the filter as possible.  Record the filter number on the data form.

5. Assemble the filtration apparatus (filter, filter holder, filter flask, and hand pump with tubing) to filter sample water.  Use tweezers to handle the filter.  DO NOT TOUCH THE FILTER WITH YOUR FINGERS.  Filtration should be performed in subdued lighting.

6. Rinse the filter by pouring 50 ml of deionized water through the filter.  Do not let filter go dry.  Discard the rinse water.

7. Assemble the filtration apparatus (filter, filter holder, filter flask, and hand pump with tubing) to sample water as shown in Hach Procedure 8025 (attached).

8. Filter the 1L sample.  Carefully monitor the total amount of water filtered throughout process.

9. Just as filtration is complete and the filter has not yet gone dry, remove the filtrate flask from the filter and add 1 to 2 mL of saturated magnesium carbonate solution to the filter.

10. Pour the filtrate from the flask into the empty, labeled 1L polyethylene bottle whence the sample came.

11. Record the total volume of water filtered on the WQ Field Processing form.

12. Re-attach the pump to the filtration flask.

13. Continue filtration to remove as much moisture as possible from the filter without unduly stressing the cells trapped on the filter.  

14. When filtration is complete, use forceps to fold the filter in on itself twice to form a quarter circle.  DO NOT TOUCH THE FILTER WITH YOUR FINGERS AT ANY POINT DURING THE ENTIRE PROCESS. 

15. Transfer the folded filter to an aluminum foil envelope.  Place the foil containing the filter into the labeled Ziploc bag.

16. Place the Ziploc bag into a small foam cooler between pieces of dry ice.

17. Decant 250 ml of the filtrate into the 250 ml poly bottle pre-preserved with H2SO4 marked for DOC.  The remaining filtrate will be used for color, alkalinity, and hardness analyses.  Close lids on both bottles and label the DOC bottle with lakeID, date and sample ID labels.  Record sample ID and information onto data form.

18. Place the DOC sample into the sample cooler for storage at 4C.

IV Sample Analysis Procedure

DOC and Chlorophyll-a

Samples for DOC and chlorophyll-a will be submitted to a fixed laboratory for analysis.
For chlorophyll a analysis in the field: 

1. Using forceps, fold and place each of the 25mm GF/F filters from the chla rock slurry filtration (See Part V. b. in SOP175) into 10mls of 100% acetone in a 15-ml centrifuge tubes.  
2. Make sure filter is completely immersed in acetone, cap tightly and place in light tight box for extraction.  These filters will be analyzed for Chlorophyll a content after a 16-18 hour extraction period. Tubes should be inverted/mixed at least once during extraction, but allow sufficient time (>4hours) for particles to settle before reading.
3. Recommended field fluorometer: Turner Designs (handheld) Aquafluor.  Prior to bringing the instrument into the field, the Aquafluor should be calibrated with a standard of known concentration (see Appendix for laboratory Aquafluor calibration).  
4. Field calibration: 
a. Turn on the Aquafluor by pressing the <ON/OFF> button.  Wait 5 seconds and the instrument is ready for use.
b. Make certain the correct channel is selected by pressing the <A/B> button to toggle between the two channels (for extractable chlorophyll a analysis, the channel should be an “Extractable Chlorphyll a channel” with excitation at 430nm and emission at >665nm).
c. Use the secondary solid standard for calibration (this solid standard is calibrated against a known primary standard from the laboratory) that has a Relative Fluorescent Unit (RFU) associated with it from the primary standard calibration.  This number is used as a reference when calibrating in the field using the secondary solid standard.
d. Press the <CAL> button.  
e. Press <ENT> to start the calibration
f. Insert your blank sample (acetone, in this case) and press <ENT>.
g. Insert the secondary solid standard and press <ENT>.  The reading that appears is an average over 10 seconds and the number should be close to the number associated with the first primary standard calibration “golden number”.  (Note: Calibrating the Aquafluor with each use is unnecessary!  Simply read the solid standard before each use and make certain that the reading is within 5% of the “golden number”.  You do not need to necessary change the <STD CAL> value to the “golden number”.  If the solid standard reads far off from the “golden number”, then you need to change the <STD CAL> to the “golden number” and perform the calibration as indicated here with the solid standard).
h. Write this calibration number in a log for a record of the secondary solid drift.
i. Press <ENT> when the calibration is complete to accept the calibration.
5. Extractable Chlorophyll a Sample Analysis\

a. After the particulates in the 15-ml centrifuge tube has settled, decant a few milliliters of acetone from the filter into a clean glass tube (Turner Designs 12mmx75mm glass tubes part #10-029A).  Wipe the outside of the tube and place tube and adaptor (Turner Designs part #8000-932) in channel.

b. Press either <READ> button.  The instrument will measure and average the fluorescence signal for 5 seconds.

c. The reading result will be displayed on the top line of the Home screen.  Record result.

d. The top left corner will then display “WAIT” for 5 seconds.  Once the “WAIT” disappears another sample can be inserted.  
6. There should be two replicate filters for each stream site.  Read the fluorescence from each replicate sample and take the average fluorescence of the two samples. 
7. Dispose of the acetone and the filters appropriately.
Alkalinity

Alkalinity is a measure of the capacity of water to neutralize acids and is usually expressed in terms of mg/L as calcium carbonate.  Alkalinity in natural waters is primarily due to the presence of bicarbonate, carbonate, and hydroxide ions.  Alkalinity for most surface water is due to bicarbonate with little or no carbonate or hydroxide alkalinity present when pH is less than 7.5.  Alkalinity is expressed as phenolphthalein alkalinity or total alkalinity.  Both are determined by titration with a standardized sulfuric acid solution to an endpoint pH, as evidenced by an indicator solution color change.  Alternatively, a pH meter can be used to monitor the end point.  The field procedure uses a Bromcresol Green-Methyl Red indicator, rather than the Methyl Orange indicator typically used, to obtain a more distinct titration end-point.

Generally 5 to 10 minutes is sufficient for an experienced analyst to complete the analysis of a sample.  Additional time is required to set up, clean, and pack equipment. 

Selection of Sample Volume and Titrant Concentration

Select the sample volume to be used and the sulfuric acid (H2SO4) titration cartridge corresponding to the expected alkalinity concentration as mg/L calcium carbonate (CaCO3) from the table below.  Most surface water is anticipated to require 100 mL of sample and the 0.1600 N H2SO4 titration cartridges.  Selecting the correct range allows the most efficient use of titrant and the most precise results.  However, results outside the range for materials used will be correct.

Table 1.  Materials and Digit Multiplier to be Used for Alkalinity Analysis, Based on Expected Alkalinity Values; Most Likely Values are in Bold Type.

	Alkalinity Range in mg/L as CaCO3
	Sample Volume in mL
	Titration cartridge (H2SO4 Concentration)
	Digit Multiplier

	10 - 40
	100
	0.1600 N
	0.1

	40 - 160
	25
	0.1600 N
	0.4

	100 - 400
	100
	1.600 N
	1.0

	200 - 800
	50
	1.600 N
	2.0

	500 - 2000
	20
	1.600 N
	5.0

	1000 - 4000
	10
	1.600 N
	10.0


Equipment Preparation

1. Insert a clean delivery tube into the titration cartridge.

2. Attach the cartridge to the titrator body.

3. Turn the delivery knob on the titrator to eject a few drops of the sulfuric acid solution.

4. Reset the counter to zero and wipe the tip with a kimwipe.

Sample Analysis

1. Use a graduated cylinder to measure the required sample volume.

2. Transfer the sample into a clean 250-mL erlenmeyer flask and dilute to approximately 100 mL, if required, with deionized water.

3. Place the flask on a white flat porcelain plate or waterproof white paper.

4. Add the contents of one phenolphthalein indicator powder pillow and swirl to mix.

5. If the solution is colorless before titrating with sulfuric acid, the phenolphthalein alkalinity is zero; Record zero in alkalinity analysis table on data form and proceed to Step 7.

6. If the solution turns pink, titrate to a colorless endpoint.  Place the titrator delivery tube tip into the solution and gently swirl the flask while titrating with acid until the pink color just disappears.  Record the number of digits required on data form.

7. Add the contents of one Bromcresol Green-Methyl Red indicator powder pillow and swirl to mix.

8. Continue the titration with sulfuric acid to a light greenish blue-grey (pH 5.1), a light violet-grey (pH 4.8), or a light pink (pH 4.5) color as required by the approximate alkalinity in Table 2.  Record the total number of digits required (including those for phenolphthalein alkalinity (P) on data form.

9. Discard sample.

Table 2.  PH endpoint associated with approximate alkalinity of sample.

	Alkalinity
	End Point

	~ 30 mg/L
	pH 5.1

	~ 150 mg/L
	pH 4.8

	~ 500 mg/L
	pH 4.5


Calculation of Results

The phenolphthalein alkalinity (P) in mg/L as CaCO3 is calculated as the number of digits required for phenolphthalein titration times the digit multiplier from Table 1.  The total alkalinity (T) in mg/L as CaCO3 is calculated as the total number of digits required (including those for phenolphthalein) times the digit multiplier from Table 1.

If the resulting total alkalinity is outside the range expected, the analysis may be repeated for more precise and accurate results.  If this is desired, repeat the analysis using the volumes and concentrations appropriate to the alkalinity just calculated.  Record results from each trial in the alkalinity table on the field form.

Carbonate, bicarbonate, and hydroxide alkalinity are expressed individually using the relationships in Table 3.  Record results for each in the alkalinity table on the field form.

Table 3.  Alkalinity components correlating to relationship between phenolphthalein alkalinity (P) result and total alkalinity (T) results.

	If Titration Result is:
	Hydroxide Alkalinity equals:
	Carbonate Alkalinity equals:
	Bicarbonate Alkalinity equals:

	P = 0
	0
	0
	Total alkalinity

	P = T
	Total alkalinity
	0
	0

	P < 0.5 T
	0
	2 times P
	T - 2 times P

	P = 0.5 T
	0
	Total alkalinity
	0

	P > 0.5 T
	2 times P minus T
	2 times (T minus P)
	0


Remaining Sample

Store the remaining water sample in the cooler until all results have been cross-checked.  The leftover sample can be discarded once all results are certain.

V Quality Control:

Nitrate + Nitrite, Total Kjeldahl Nitrogen, Total Phosphorus, Chlorophyll-a, and Dissolved Organic Carbon

1. Submit one blind duplicate sample (blind to the lab) to the laboratory with every batch of 10 or fewer samples.  Agreement between original and duplicate sample results should be within 25 percent relative percent difference (RPD).

2. The laboratory must calibrate the instrument using a minimum of four calibration standards and a blank prior to analysis of each batch of samples.

3. The laboratory must perform one blank analysis using deionized water with every batch of 10 or fewer samples.

4. The laboratory must perform one duplicate measurement with every batch of 10 or fewer samples.  Agreement between the original and duplicate sample results must be within 20 percent.  If results are outside this range, all samples must be reanalyzed.

Alkalinity
1. Perform one blank analysis using deionized water with every batch of 10 or fewer samples.  Record results on separate data form. 

2. Perform one duplicate measurement with every batch of 10 or fewer samples.  Agreement between the original and duplicate sample results must be within 10 percent.  If results are outside this range, all samples for that analyte must be reanalyzed.  Record results on separate data form.
VI Sample Holding Times

· Nitrate/Nitrite – Store below 4°C for no more than 28 days.
· Total Kjeldahl Nitrogen - Store below 4°C for no more than 28 days.
· Phosphorous - Store below 4°C for no more than 28 days.
· Chlorophyll a – Store frozen for unlimited time.

· Dissolved Organic Carbon – Store below 4°C for no more than 28 days.
VII Equipment:

Dissolved Organic Carbon, Chlorophyll-a, Alkalinity, 

Equipment

Water demineralizer assembly (Hach 21846-00 or equivalent)

Forceps/tweezers for handling filters.

Hand-operated vacuum pump 

Silicone tubing (12 inches) for pump head

Polypropylene sampling tubing (~ 20 inches)

Filter flask, 1 L

Rubber stopper, No. 7, 1-hole

Thermometer

Supplies

Deionized water in squeeze bottle

Filter holder, 47 mm (if using hand-pump)

Filter discs, 47 mm, 0.45 (m glass fiber 

Water Quality Sample Analysis field forms

DOC sample prep

Supplies

DOC sample bottle, 250 ml polyethylene, precleaned and pre-preserved with sulfuric acid (supplied by lab)

Sample labels

Chlorophyll-a sample prep

Supplies

Filter Sample labels (Cxxxx)

Saturated magnesium carbonate solution

Aluminum foil

Small Ziploc plastic freezer bags.

Dry ice (blocks)

Small foam cooler

Alkalinity

Required Equipment

Hach digital titrator (or equivalent); Hach catalog number 16900-01.

Erlenmeyer flask, 250 mL; 3 in case of breakage and so multiple samples can be analyzed without cleaning glassware.

Graduated polypropylene cylinder, 100 mL;

Graduated polypropylene cylinder, 25 mL;

Waterproof white paper to more easily visualize color changes.

Titrator delivery tubes (spare) with 180o bend (Hach 17205-00 or equivalent)

Required Supplies

Deionized water

Kimwipes (or equivalent) tissues

Optional Supplies

Alkalinity standard solution ampules, 0.5N Na2CO3, 10 mL (Hach 14278-10 or equivalent).  (Note, standards may also be pre-prepared in lab prior to trip if desired.)

Buffer powder pillows, pH 3.7 (Hach 14551-68 or equivalent)

Buffer powder pillows, pH 4.5 (Hach 895-68 or equivalent)

Buffer powder pillows, pH 4.8 (Hach 896-68 or equivalent)

Buffer powder pillows, pH 5.1 (Hach 897-68 or equivalent)

Buffer powder pillows, pH 8.3 (Hach 898-68 or equivalent)

VIII References:

EPA Method 415.1. Methods for Chemical Analysis of Water and Wastes.
OASIS, 2004.  OASIS Environmental, Inc. 2004.  Big Lake and Lake Lucille Water Quality Monitoring, Final Report, QAPP.  AK DEC.  http://www.state.ak.us/dec/water/wnpspc/pdfs/fy04_finalreport_big_lucille_lakes_oasis.pdf

Standard Methods for the Examination of Water and Wastewater (APHA), Method 4500-N.

Standard Methods for the Examination of Water and Wastewater (APHA), Method 10200-H Chlorophyll.

Standard Methods for the Examination of Water and Wastewater (APHA), Method 2120 Color.

Standard Methods for the Examination of Water and Wastewater (APHA), Method 2320 Alkalinity.

Standard Methods for the Examination of Water and Wastewater (APHA), Method 2340 Hardness.

Supplemental Material

Hach Filtration Procedure, Method 8025.

Hach Alkalinity Procedure, Digital Titrator Method 8203

Hach Filtration Procedure

Hach Method 8025
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1.

     2.    

3.

4.

1. Assemble the filtering apparatus (membrane filter, filter holder, filter flask, and aspirator).

2. Rinse the filter by pouring about 50 mL of deionized water through the filter. Discard the rinse water.

3. Pour sample through the filter. Keep this for Step 4.

4. Pour collected water into the appropriate, prelabeled sample container.

Cheat Sheet Contents

Hach Filtration Procedure, Method 8025 with figure showing setup of filtration apparatus.

Hach Alkalinity Procedure, Digital Titrator Method 8203 summarizing procedure and showing setup and use of digital titrator.

Arctic Network

November, 2007

