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1.0 SCOPE AND APPLICATION

Ambient color data are used qualitatively to assess the degree to which algae in a lake or reservoir may be limited in primary production by light rather than nutrients.  In addition, water color is related to the amount of dissolved organic materials that may bind with phosphorus and make it less available to algae.  Color may refer to "true color" which is the color of filtered water or "apparent color" which includes both dissolved color and color contributed by particulates.  

The main objective of this SOP is to estimate true color using spectrophotometric techniques at a specific wavelength (450-465 nm).  Use of a spectrophotometer can result in more precise and accurate data for true color than that using a color wheel.   

This SOP is not applicable to estimate apparent color due to interferences by suspended particles that absorb/scatter light at.   Use of a color wheel is required to generate apparent color (see CN 2.2).   

2.0
SUMMARY

A portable spectrophotometer is used to estimate true color of filtered water samples.  This SOP is consistent with Standard Method 2120C (21st edition, 2005, proposed) and conforms to the true color components of HACH Method 8025.

3.0
SAFETY CONSIDERATIONS
There are no acids or other hazardous chemicals used in the analysis with the exception of color standards, which are made from platinum-cobalt reagent.  This is not particularly hazardous but should be washed off with water if splashed on the skin or eyes.  

Standard laboratory safety practices should be used for personal health and safety (see CN 0.3 Lab Safety SOP).

4.0
SAMPLE COLLECTION, PRESERVATION AND HANDLING

Collect representative samples in clean glass or clean plastic bottles.  No acid or other preservative should be added. The samples should be stored out of direct sunlight in a cooler or refrigerator (<6 deg. C) until analysis.  Avoid excessive agitation or prolonged contact with air.  

Changes in pH may affect color so samples should be stored at 4C in the dark (Room 228 glass door fridge) and analyzed within 48 hours.  Bring samples to room temperature prior to analysis.  

When taking a sample from a bottle the capped bottle should be gently inverted 3-5 times to re-suspend any settled solids and to mix the sample.  Samples are filtered (0.45 um) for true color immediately prior to analysis.  

5.0
APPARATUS

HACH DR 2800 spectrophotometer:

	DR 2800 Portable Spectrophotometer Performance Specifications:
	

	Operating Mode:
	Transmittance (%), Absorbance and Concentration

	Source Lamp:
	Tungsten 

	Wavelength Range:
	340 to 900nm

	Wavelength Accuracy:
	± 1.5 nm 

	Wavelength Resolution:
	1 nm

	Wavelength Calibration:
	Automatic

	Wavelength Selection:
	Automatic, based on method selection

	Spectral Bandwidth:
	5 nm

	User-entered Calibrations
	up to 50

	Data Logging
	500 points

	Automatic Method Recognition
	With TNTplus vial tests

	10-fold measurement and averaging
	With TNTplus vial tests

	Display
	Backlit, greyscale LCD touch screen

	External Outputs
	USB (1 master, 1 slave)

	Cell Compatibility
	1" square, 1" round, 1-cm square, 1-cm x 5-cm, Multipath 1"/1-cm, 16-mm round, 13-mm round

	Export Capability
	.csv (comma-separated values) file

	Languages
	English, French, German, Italian, and Spanish (Please ask Hach Customer Service about availability of Chinese, Czech, Dutch, Hungarian, Japanese, Korean, Portuguese, and Russian.)

	
	

	Physical and Environmental
	

	Width:
	216 mm (8.5 in.)

	Height:
	132 mm (5.2 in.)

	Depth:
	330 mm (13 in.)

	Weight:
	Without battery: 8.95 lbs. (4.06 kg)

	 
	With battery: 9.65 lbs. (4.38kg)

	Operating Requirements:
	10 - 40 °C (50 - 104 °F), max. 90% relative humidity (non-condensing)

	Storage Requirements:
	-25 - 60 °C (-13 - 140 °F) max. 80% relative humidity (non-condensing)

	
	

	Power Specifications:
	

	Mains connection:
	Universal power supply 100-240V, 47-63Hz, with exchangeable plug  adapters for EU, GB, US, China; Battery (Optional)

	Interfaces:
	USB 1.1

	Enclosure rating
	IP 41


Avoid damage to the DR 2800 instrument:   

· When selecting from menu items , press the key pad gently with fingers.  

· Keep shutter closed when not in use and keep entire unit dry at all times.

· Make sure cuvettes are clean and dry prior to placement in the unit.

· Handle glass cuvettes with gloved hands and Kim-Wipes only to avoid scratches/smudges.

· Contact Richard Chase or Jeff Smith for any problems with the DR 2800.

6.0
REAGENTS

Deionized water via DWM Barnstead DI unit is used to zero the instrument and make dilutions.  The color standard used for calibrating and checking the instrument is Platinum Cobalt 500 PCU color standard (Fisher cat. no. SP120-1 or equivalent from WES lab).  No other reagents, such as for pH adjustment, are used.

7.0
CALIBRATION

Calibration of the DR 2800 is conducted once each season by DWM’s QA Analyst (or other full-time staff only) and as needed to maintain accuracy and precision of readings.  Calibration standards from 5 to 250-500 platinum-cobalt units (PCU) are prepared and used to adjust the stored program calibration curve and/or to create a new user program calibration curve.   Typical cal curve concentrations are 5, 15, 25, 40, 50, 100, 125 and 250 PCUs.  See HACH User Manual for more detailed instructions.   A medium-colored standard (e.g. 50 PCU) will also be used as a lab batch QC check.  
The calibration curve for Program #950 is developed using a wavelength of 455 nm.
8.0
BASIC ANALYTICAL PROCEDURE (also see instructions below for lab paperwork and electronic documentation)

1) Plug in AC adaptor and connect to unit.  Turn unit ON.

2) Go to FAVORITE PROGRAMS, select #950 COLOR User Program.  Press START.  Record which program used in lab notebook.

3) Rinse 25 mm square cuvettes with deionized water and wipe dry with Kim-Wipes.

4) Fill one cuvette with DIW, dry cuvette again, place it in slot #2 with fill-line facing right and press ZERO.    Record results for “Zero Cal” in lab notebook.  Perform the zeroing once per batch. 

5) Sample Prep:  rinse clean 60 ml plastic syringe with DI water. Take up 20 ml of DI water and attach a filter disc (Gelman Acrodisc 32mm 0.45um membrane or Whatman Puradisc 25mm 0.45 um membrane).  Rinse the filter disc with the water by injecting the DI thru the disc and into waste container or sink.  Remove disc and then remove plunger from syringe and reattach disc.  Gently invert sample bottle several times quickly pour approximately 30 ml of sample into the syringe. Hold over sink and gently insert plunger into syringe about 3mm then turn syringe so disc is pointing up, remove disc and expel excess air. Reattach disc and filter 5 ml of sample into waste to rinse disc.  Filter 5 ml additional sample into sample cuvette to rinse and discard this.  Filter additional sample into cuvette to above the fill line (approximately 15 ml.).  Dry the outside and bottom of the cuvette and place in the slot #2 of DR 2800 with fill-line facing right.   

6) Press READ and record sample results in lab notebook.

7) Remove disc from syringe and dispose of excess syringe sample.  If sample was relatively clean and filtering adequately the disc may be rinsed with 20 ml DI water and reused for next sample (up to a maximum of 5 times).

8) Sample dilutions should not be necessary, but perform if undiluted sample exceeds 500 PCUs. 
9) Run the following lab batch QC samples:  lab duplicate(s) at approx. one for every 10 samples, and pre-prepared Pt-Co QC sample at one per batch (e.g. 50 PCU or 100 PCU).  The QC sample is stored in the closed cabinet above the color work area.  CAUTION:  BE EXTREMELY CAUTIOUS USING THE PT-CO COLOR STANDARD DUE TO ITS NFPA HEALTH RATING OF “3” (OUT OF 4).  POUR QC SAMPLE INTO CUVETTE UNDER THE FUME HOOD, READ SAMPLE, THEN DISCARD CUVETTE CONTENTS AND RINSE LIQUID INTO THE LABELLED (PT-CO STD.) WASTE CONTAINER IN THE FUME HOOD.
10) Record RAW results for true color in PCU in the lab notebook.   
11) Reporting Rules:  The e-notebook will automatically calculate final results (rounded to correct significant figures and accounting for dilutions) as follows.  “<RDL” for readings below 15 PCU and “>UQL” for results greater than 500 PCU.   

	From 15 to 100 PCUs, report to the whole number (e.g., 39, 40)

	From 100 to 250 PCUs, report to the nearest 5 PCUs (e.g., 185, 190)

	From 250 to 500 PCUs, report to the nearest 10 PCUs (e.g., 340, 350).


12) See HACH User Manual for more detailed instructions (as needed).

13) If apparent color data is also needed, the HACH color wheel can also be used for visual estimates (see CN 2.2 for detail).

9.0
QUALITY CONTROL & REPORTING

As stated above, run the following QC samples (in addition to field QC samples) for each lab batch:

· lab duplicate (repeat entire process, including filtering)
· lab QC (NOTE:  If QC sample is not within +/- 2.5 PCU or +/- 5% of the true or expected value (e.g., 50 PCU), then report findings to the QA Analyst).  See CAUTION above. 
Lab Notebooks:

1. Hard-copy Lab Notebook:  (during analysis)    Record all data in the paper lab notebook, AND

2. Electronic Lab Notebook:  (during and immediately following analysis)  Use electronic notebook template (via shortcut on Room 229 PC) to pre-load COC information for batch samples.  Print notebook sheet and use to manually-record analytical data during analysis.  When sample analysis is complete, return to PC to transcribe raw data from the paper lab notebook to the electronic notebook.  The e-notebook will make final calculations automatically (blue shaded areas).  Once these values are calculated, transfer final results to the paper lab notebook and add paper lab sheet to the color lab notebook binder.  Save the final e-notebook spreadsheet as (read-only) "lab batch ID" (e.g., "TC09-12") to w/dwm/sop/temp/20XX data/color-turb-hard lab.  NOTE:  Make sure Analysis Tools is turned ON in EXCEL.
The estimated minimum detection limit (MDL) for this test is 5 PCU.   The RDL is estimated at 15 PCU.    The upper quantitation limit (UQL) is 500 PCU.  Results less than 15 PCU are reported as <RDL.   Also record results for the QC samples in lab notebook.  Final results shall be reported in PCU (at 455 nm). 
10.0
INTERFERENCES
Suspended particulate matter can interfere with light absorbance of true color; therefore filtering is required.  It should be noted that highly colored industrial wastes may have colors that are not directly comparable to the platinum color standard used here. Samples diluted more than about 20 fold may not follow Beers Law due to changes in pH and changes in dissolved organic matter as ionic strength changes.  

11.0
PREVENTIVE MAINTENANCE
For maintenance of the DR 2800, see Richard Chase or Jeff Smith.   Follow steps as specified in the User Manual. 

12.0
CORRECTIVE ACTIONS

Staff will be re-trained as necessary if not following this SOP.  If the unit shows drift (e.g., QC sample results outside acceptance limits), it will be recalibrated using fresh Platinum-Cobalt color standards.
13.0
REFERENCES
Standard Methods for the Examination of Water and Wastewater. 21th Edition. 2005.  American Public Health Association. Washington DC. 2120C

HACH DR 2800 User Manual, including HACH Method 8025

Appendix – A

DWM SOP-QuickGuide for True Color using DR 2800 SPEC

Equipment needed:  HACH DR 2800 SPEC and cuvettes, kim-wipes, lab notebook, disposable plastic gloves, DI water, reference stds.

Lab Procedure for True Color (only):

1. Prepare work area for efficient, clean and proper analysis of samples, including the use of the standard lab notebook for Color.   Remove all samples to be analyzed from cooler and let them warm up (1-2 hours).  (The same samples may be also analyzed concurrently for hardness and turbidity).   

2. For all samples, record required pre-information in the lab notebook prior to analysis.  Use standard header cut-outs and paste at top of sheets.  

3. When ready to begin analyses, put on lab gloves and arrange samples on table in the order of analysis.  For each sample, gently invert capped bottles to ensure completely mixed sample prior to pouring.   

4. Perform adequate rinsing of cells, etc. for all steps as needed.

5. Plug in AC adaptor and connect to unit.  Turn unit ON (button on back of unit).  After self-checks have been completed, go to Go to User Programs and select #950 COLOR.  Press START.  Record program # used in lab notebook.  

6. Rinse 25 mm square cuvettes (cell) with deionized water and fill one cuvette with DIW up to 10 ml line, dry cuvette well, place it in slot #2 with fill-line facing right and press ZERO.    Record results for “Zero Cal” in lab notebook.   Perform the zeroing once per batch. 
7. Pre-rinse the 60 ml. syringe with DIW 2-3X w/o filter, then place filter (0.45um disc) on syringe and add about 20 mls. to syringe and push DIW thru to pre-rinse filter.

8. Remove pre-rinsed filter, then remove plunger, then re-attach filter.  Add about 30 mls. of well mixed sample water to syringe and push about 5 mls. thru (to waste) to remove remnant DIW from filter, then filter 5 mls. sample into sample cell 2X to rinse cell, then filter 10 mls. into cell to the 10 ml. line. Dry tube well and place in slot #2 of DR 2800.   Press READ and record results for true (filtered) color in PCU in the lab notebook.   If >500 PCU, record as >UQL if dilutions not performed.  
9. QC samples:   Run lab duplicate (min. 1/batch; one every 10 samples). For lab duplicate, repeat entire process including filtering. Run pre-prepared Pt-Co QC sample at one per batch (e.g. 50 PCU or 100 PCU; should be within 5%; if >20%, see QA Analyst for recalibration).  The pre-prepared QC sample is stored in the closed cabinet above the color work area.  CAUTION:  BE EXTREMELY CAUTIOUS USING THE PT-CO COLOR STANDARD DUE TO ITS NFPA HEALTH RATING OF “3”.  POUR QC SAMPLE INTO CUVETTE UNDER THE FUME HOOD, READ SAMPLE, THEN RETURN TO FUME HOOD TO DISCARD CUVETTE CONTENTS AND RINSE LIQUID INTO THE LABELLED (PT-CO STD.) WASTE CONTAINER.
10. Dilute samples as necessary to enable instrument readings <500 PCUs (even though unit will show values >500).   Example dilution factors: 

	mls. sample
	mls. DI water
	dilution factor

	50
	0
	1

	25
	25
	2

	20
	40
	3

	20
	80
	5

	10
	90
	10

	
	
	


11. Record RAW results for true color in PCU in the lab notebook.  
12. Electronic Lab Notebook:  (during and immediately following analysis)  Use electronic notebook template (via shortcut on Room 229 PC) to pre-load COC information for batch samples.  Print notebook sheet and use to manually-record analytical data during analysis.  When sample analysis is complete, return to PC to transcribe raw data from the paper lab notebook to the electronic notebook.  The e-notebook will make final calculations automatically (blue shaded areas).  Once these values are calculated, transfer final results to the paper lab notebook and add paper lab sheet to the color lab notebook binder.  Save the final e-notebook spreadsheet as (read-only) "lab batch ID" (e.g., "TC09-12") to w/dwm/sop/temp/20XX data/color-turb-hard lab.   NOTE:  Make sure Analysis Tools is turned ON in EXCEL.
13. Use <RDL for readings below 15 PCU and >UQL for results greater than 500 PCU.   The auto-spreadsheet will report color readings as follows:
	From 15 to 100 PCUs, report to the whole number (e.g., 39, 40)

	From 100 to 250 PCUs, report to the nearest 5 PCUs (e.g., 185, 190)

	From 250 to 500 PCUs, report to the nearest 10 PCUs (e.g., 340, 350)


14. Re-use syringes:  use one per batch of samples (with adequate rinsing in-between samples).  Waste plastic syringe to recycle stream when done.
15. Re-use filters:  use one for up to 5 samples, unless clogged.   Use new filters as needed.
16. Analyze all other samples exactly as above (including zeroing between samples).  After last sample, review lab notebook to ensure that all sample and analysis information has been recorded and is accurate (inc. accounting for dilution factors.

17. When done, turn off unit (hold down ON/OFF button)

18. Clean up lab work area for next user.

Reference Method:  1) Standard Methods 2120C

Appendix  B

Example Data Sheet

	2009 Color Lab Book
	 (EDD - LabSNum)
	(EDD - FieldSampNum)
	(EDD - Collect Date)
	(EDD - CollectTime)
	(EDD - AnalDate)
	(EDD - Anal Time)
	(EDD - ResComm)
	 
	TC09-02
	 
	 
	 
	 
	 
	 

	Analyst
	Project / Basin
	Lab QC (LB, LD, empty)
	Lab ID / Lab Batch # 
	OWMID 
	sample date
	sample time
	analysis date
	analysis time
	sample comments
	instrument unit #
(C1, C2, or DR2800)
	DR 2800 Program #
	DR2800 "0" Cal value
	sample dilution
(if none, "1")
	filtered? (yes/no)
	true color reading
	true color final result (PCU)
	data entry comments

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-01
	71-0001
	4/21/2009
	10:03
	4/22/2009
	10:34
	 
	DR2800
	950
	0
	1
	yes
	120.40
	120
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-02
	71-0002
	4/21/2009
	10:31
	4/22/2009
	11:15
	 
	DR2800
	950
	 
	1
	yes
	35.90
	36
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-03
	71-0003
	4/21/2009
	10:54
	4/22/2009
	11:18
	 
	DR2800
	950
	 
	1
	yes
	33.60
	34
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-04
	71-0004
	4/21/2009
	11:26
	4/22/2009
	11:21
	 
	DR2800
	950
	 
	1
	yes
	29.20
	29
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-05
	71-0005
	4/21/2009
	11:50
	4/22/2009
	11:24
	 
	DR2800
	950
	 
	1
	yes
	21.00
	21
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-06
	71-0006
	4/21/2009
	11:56
	4/22/2009
	11:28
	 
	DR2800
	950
	 
	1
	yes
	21.50
	22
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-07
	71-0007
	4/21/2009
	12:00
	4/22/2009
	11:32
	 
	DR2800
	950
	 
	1
	yes
	1.10
	<15
	 

	Jane Ryder
	Mystic (2009)
	 
	TC09-02-08
	71-0008
	4/21/2009
	12:14
	4/22/2009
	11:34
	 
	DR2800
	950
	 
	1
	yes
	15.50
	16
	 

	Ken Dominick
	Mystic (2009)
	 
	TC09-02-09
	71-0009
	4/21/2009
	13:00
	4/22/2009
	13:38
	 
	DR2800
	950
	 
	1
	yes
	17.20
	17
	 

	Ken Dominick
	Mystic (2009)
	 
	TC09-02-10
	71-0010
	4/21/2009
	13:20
	4/22/2009
	13:46
	 
	DR2800
	950
	 
	1
	yes
	14.00
	<15
	 


1

