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DETERMINATION OF TRUE COLOR IN WATER USING THE
AQ2 DISCRETE ANALYZER
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1. SCOPE AND APPLICATION

1.1.  The test covered by this SOP is W-COLOR. This method is applicable to waters
and wastes that have color characteristics derived from naturally occurring
materials.

1.2.  The calibration range is from the method detection limit (MDL) of 2.5 to 150
Platinum Cobalt Units (PCU). Sample values above 150 PCU may be determined
by quantitative dilution.

2. SUMMARY OF THE METHOD

2.1.  True sample color is determined using Standard Methods 2120 B which allows
for the use of a spectrophotometer.

2.2.  Color is determined spectrophotometrically at a wavelength of 450 nm and
calibrated with platinum cobalt standards. One unit of color is that produced by 1
mg/L platinum in the form of the chloroplatinate ion.
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2.3.  Interferences: Turbidity and the presence of colloidal and suspended particles
will interfere with this analysis. All samples analyzed are lab filtered before true
color is measured. The results are pH dependent. Highly colored industrial
wastes may have hues far different from those of the platinum-cobalt standards.
Their color characteristics may not be derived from naturally occurring materials
such as humic acids.

3. EQUIPMENT AND SUPPLIES
3.1.  Spectrophotometer - SEAL AQ2 Discrete Analyzer (AQ2 3 (primary) and AQ2 2)
3.2.  Sample cups - 1.2 mL for 100 position tray (SEAL part no. 5385)

3.3.  Assorted pipettes
3.4. 5 mL Syringes
3.5. 0.45 pm and 0.20 pm pore diameter membrane syringe filters
3.6.  Plastic pH strips:
3.6.1. 0.0 - 6.0 range (Fisher catalog no. 14-850-114)
3.6.2. 5.0-9.0 range (Fisher catalog no. 14-850-113)
3.7.  Reaction Segments (SEAL part no. 5000)
3.8.  Reagent Containers (SEAL part no. 5010)
3.9. Class A volumetric flasks
3.10. 20 mL Disposable beakers
3.11. Fisher accumet XL150 pH meter

4. REAGENTS AND STANDARDS (SEE DEP SOP NU-042)

Note: Before preparing standards or running samples, please read the safety notes in the
safety/hazardous waste section of this SOP and the MSDS for the chemicals used in this
analysis.

Note: Standard preparations must be documented in the Laboratory Information Management
System (LIMS) ‘Standard Preparation Tracker’ module. Unique ID numbers for each
standard are generated in the module and documented in the Reagent and Standard
Logsheet (NU-RGTSTD) located on the network at
\\FLDEP1\DEAR\Labs\lab3\Chem_Data\Inorganic\Nutrients\REAGENT PREP\Color\. This
excel sheet needs to be updated and submitted as part of the analysis report folder. If
available, a Certificate of Analysis for each purchased standard or reagent is also
maintained in the REAGENT PREP\Color folder. The original Certificate of Analysis
for the standard reference material is kept in a binder in C307. All containers holding
standards or reagents must be labeled with their unique ID and expiration date.
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Note: The volumes prepared for the reagents and standards may be altered by the analyst as
necessary. The final concentrations of the constituents of a standard or reagent must not
be changed.

4.1.

Stock Standard Chloroplatinate Solution (500 American Dye Manufacturers
Institute (ADMI) color units e.g., Hach catalog no. 141453). Check the bottle
label for the manufacturer’s expiration date. Store in the dark when not in use.

4.1.1. Calibration (Top) standard (150 PCU) - To a 250 mL volumetric flask
containing approx. 100 mL of deionized (DI) water, add 75 mL of 500
PCU stock standard (4.1) and bring to volume. Store in the dark when not
in use. Hold time: 30 days.

4.1.2. The remaining standards are prepared from the 150 PCU calibration

standard (4.1.1.). Using a class A glass volumetric pipette, place the
appropriate volume of top standard in a volumetric flask partially filled
with DI water and dilute to the mark with DI water. Use the below table
as a guide. Store in the dark when not in use. Hold time: 30 days.

4.2.

43.
44.
45.
4.6.
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Standard Final Volume of TOP
. Standard
Concentration | Volume (4.1.1)
(PCU) (mL) (mL)

120 50 40
90 50 30
60 (CCV) 200 80
45 50 15
30 50 10
15 50 5
10.5 50 3.5
6 (PQL) 100 4
0 0 0

A certified quality control sample, ALTQC (e.g. ERA catalog no. 070). Check the
bottle label for the manufacturer’s expiration date. Store in the dark when not in
use.

Hydrochloric Acid, HCI, analytical grade (for pH adjustments)
Sodium Hydroxide, NaOH, analytical grade (for pH adjustments)
Cuvette cleaning solution (Seal part #5676)

Bleach Cleaning Solution - To a 500 mL volumetric flask, add 100 mL of Clorox
(approximately 8.25 % sodium hypochlorite) and bring to volume.
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5. SAMPLE PRESERVATION, PREPARATION AND HANDLING

Since biological activity may change the color characteristics of a sample, the color
determination should be made as soon as possible. Samples are stored refrigerated <
6°C (not frozen) and must be analyzed within 48 hours of sampling.

S

SAMPLE ANALYSIS AND QUANTITATION (SEE DEP SOP NU-033)

Note: Observe routine maintenance as appropriate to keep the instrument in good working
condition and enter any maintenance performed in the maintenance logbook.

6.1.  Initial Preparation:

Remove standards from their designated storage area and check the volumes and
expiration dates. Discard any expired standards and reprepare if necessary. Make
sure there is sufficient volume of all standards to complete the analysis.

6.2. Calibration:

6.2.1. The AQ?2 is manually calibrated at least every 30 days using the

calibration standards in Section 4.1.

6.2.2. The standards in the calibration are as follows:

STD Conc. (PCU)
S1 0.0

S2 6.0 (PQL)
S3 10.5

S4 15.0

S5 30.0

S6 45.0

S7 60.0 (CCV)
S8 90.0

S9 120.0

S10 150.0

SO 0.0

6.3.  Controls and Calibration Standard Loading:

Source

DI water
See 4.1.2.
See 4.1.2.
See 4.1.2.
See 4.1.2.
See 4.1.2.
See 4.1.2.
See 4.1.2.
See 4.1.2.
Top Standard (4.1.1.)
DI water

6.3.1. Fill two separately labeled AQ2 reagent containers with the following:
continuing calibration blank (CCB/DI water) (refill daily) and continuing
calibration verification standard (CCV).

6.3.2. The reagent tray, with plastic wedge shaped containers, is located on the
right side of the injector arm. It holds the CCV in position 14 and the
CCB in position 15. When a calibration is done, the sample tray is loaded
from S1 to SO as in section 6.2.2. starting at cup 1. If calibration is not
necessary, the run starts with a CCV and CCB (see Appendix B).
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6.4.  Analysis Setup/Sequence Setup:
6.4.1. Turn on the instrument computer.

6.4.2. Double click on the AQ2 software icon. Select ‘Instrument 2 or 3’ as the
Log-in name from the drop down list and enter the password to display the
Main Operation Screen.

6.4.3. Turn on the main power switch (large switch) at the rear of the instrument.
Allow the instrument to warm-up for at least 15 minutes before
performing the Daily Start-up procedure.

6.4.4. AQ?2 System Flush (performed before the Daily Start-up when necessary):

6.4.4.1. Remove AQ2 water inlet sensor and place in a beaker containing
the cuvette cleaning solution solution (4.5.).

6.4.4.2. From the maintenance menu perform the following:
a. Prime the syringe - 10 primes (3 times).
b. Verify flow through the probe wash assembly.
c. Wash the cuvette - Auto Wash (at least 10 times).
d. Flush the beaker and the water inlet sensor with DI water.
e. Using fresh DI water, repeat steps a-c with fewer replicates.

f. Repeat d and e to ensure the cleaning solution is removed
completely.

Note: A bleach cleaning solution (4.6.) in place of the cuvette cleaning solution may be used
monthly or as needed.

6.4.5. Daily Start-up:

a. Empty and refill the large wash container located on the side of the
instrument with DI water.

b. Empty the waste containers also located on the side of the instrument
(if necessary).

c. Load the instrument with clean reaction well segments. Zero the
reaction wells by selecting Settings— Maintenance and clicking on the
picture of the reaction well.

d. Perform the Daily Start-up procedure by selecting Settings— Daily
Start-Up.

Note: This procedure primes the syringe, washes the cuvette, and performs water baselines.
The water baselines should read ‘OK’. If not, contact a supervisor.

6.4.6. Analytical Setup - Select Scheduling from the Main Operations Screen.
Select a Tray Number (first FREE #) and Reagent Set 1 (use Reagent Set
5 for AQ2 2). Enter the tray name which will be the run file name as
follows: CTYYMMDDR# for Instrument AQ2 3 and CTYYMMDDQ#
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6.4.7.

for instrument AQ2 2, where # represents a numberl, 2 etc. to indicate the
1%, 2" etc. run of the day. Press OK. The sequence screen should appear.
Starting at line 1, type the sample sequence in the ‘Sample ID’ column.
Next, highlight the typed lines and select the MAN_CLR test. Click on
the Save icon to save the schedule and the Print icon to print the tray
report/bench sheet. Filter the samples using the 0.45 pm filter and syringe
apparatus into labeled disposable beakers.

If filtration with a 0.45 pum filter does not remove all particulate matter
from a sample, or if the Turbidity result for the sample is >15 NTU (see
DEP SOP NU-072), it should be filtered using a 0.20 pum filter. If
particulate matter is still present, then centrifuge an aliquot of the sample
at the maximum speed, and re-filter the supernatant through a 0.20 um
filter. Samples prepared with the 0.20 um filter are batched together.
Record these steps on the tray report/bench sheet where applicable.
Samples with results affected by particulate matter may have to be
qualified.

Note: In some rare cases precipitation may occur over time in the already filtered aliquot of the
sample. Samples should be analyzed as soon as possible after filtration. Always
document visible changes of the sample appearance on the tray report/bench sheet.
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6.4.8.

6.4.9.

6.4.10.

Pour filtered samples from beakers into the 1.2 mL instrument sample
cups according to the schedule. See Appendix B for an example run
schedule. Note that each batch begins with an MBLK that is filtered. All
samples and QC that appear on the run schedule are poured in individual
sample cups. The method is set up to automatically schedule bracketing
CCVs and CCBs every 10 samples and at the end of the run. These do not
appear in the run schedule and the solutions are picked up from the
reagent wedges (6.3.2.). The CCV and CCB may also be poured
individually on the run instead of using the scheduling routine described
above.

Start the run by double-clicking on the Run icon. A dialog box should
appear. Select the tray (run file) to be analyzed and click OK. On the
Options dialog box, check the auto-standardize box only if you intend to
re-calibrate the instrument. Click OK.

After the analysis is complete, determine the pH of the samples including
any diluted sample aliquots and record on the NU-COLORpH sheet
(Appendix C).

First, check the pH of the samples using pH strips with range 5.0 — 9.0
(3.6.2). Ifthe pH of a sample is observed as 5 on this strip range, verify
the sample pH using an indicator strip with range 0.0 — 6.0 (3.6.1).

If the pH of a sample aliquot is <4 or > 9 it must be verified with a pH
meter (See DEP SOP NU-026). If the pH is verified, adjust a sufficient
aliquot of the sample to pH 7 with NaOH or HCI. The color measurement
must be taken from the pH adjusted aliquot. A test comment is entered in
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6.5.

6.6.

6.7.
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the QC Manager indicating that the sample result was obtained from a
sample aliquot adjusted to pH 7.

If the pH of a sample is < 2, perform a BaCl: test to check for improper
preservation (see your supervisor if the sample has been preserved with
acid).

Quantitation/Calculations:

6.5.1.
6.5.2.

6.5.3.

The instrument will give the analysis results for Color in PCU.

The QC Manager calculates relative percent differences (RPDs) for
duplicate samples as well as recoveries for QC standards. For general
calculations including RPDs, see Section 5.9 of the FDEP Quality Manual.

The high calibration standard is prepared according to Section 4.1.1. The
other standards used in the linear calibration are prepared from the high
standard. The correlation coefficient for the calibration is calculated by
the instrument software.

Note any equipment/field/trip blanks or field duplicates on the backlog. The
backlog fields Matrix, Field ID, and Sampling Location are useful for identifying
these sample types.

6.6.1.

6.6.2.

All equipment/field/trip blanks should have a color reading of < 2.5 and >
- 2.5 PCU. If the measured color is not in this range, rerun the blank for
confirmation on the same run (if possible) and add a comment for the
sample in QC Manager.

The RPD for the field duplicates should be less than 20 % if the color values
are above the practical quantitation limit (PQL). If the RPD is 20 % or
greater, both field duplicates should be rerun for confirmation on the same
run, if possible, and commented in QC Manager. Also note any visible
differences between the field duplicates on the tray report and in the
comments section of QC Manager.

Post-Run Procedure:

6.7.1.
6.7.2.

6.7.3.

Click on the Acceptance menu located on the left side of the screen.

Make any necessary changes to the sample list (dilutions, additional
samples, etc.). Click on the Accept All icon. This adds ‘ACC’ to the
results. A pop-up window appears where the file name needs to be
entered. Follow the naming convention described in 6.4.6. Accepting the
run in AQ?2 creates the excel transfer file used for uploading the data to the
Laboratory Information Management System (LIMS). This file should be
saved in the current year’s subfolder in
\WFLDEP1\DEAR\Labs\lab3\Chem_Data\Inorganic\Nutrients\AQ2\COLO
R\

Print the AQ2 Test Parameters Report from the ‘Settings’ menu on the top
of the screen.
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6.7.4. Click on the Reporting icon on the left side of the screen. Check the
reporting format ‘Color’ and Generate Report. Print the run report. It
contains the calibration and all the data. Select the chronological order
report function to print your report.

6.7.5. Convert the excel file into QC Manager raw data. Use instrument ‘GenChem:
Seal AQ2 3’ or ‘Nutrients: Seal AQ2 2’.

7. DATA ARCHIVAL

7.1.

7.2.

7.3.

7.4.

The raw data is archived in paper format. A report folder is created for each
analytical run. Occasionally more than one run may be in one folder. The folder
is labeled with the test (w-color), filename/s (CTYYMMDDR# (Instrument AQ2
3), or CTYYMMDDQ# (Instrument AQ2 2)), and initials of the analyst.

Each report folder should contain the following items - AQ2 run report, AQ?2 test
parameters, AQ?2 tray report/bench sheet, NU-RGTSTD W-Color sheet, NU-
COLORpH sheet, backlog, and a copy of the data and QC assessments uploaded
from QC Manager to LIMS at the time of test authorization.

The report folders are on file with the nutrients and general chemistry supervisory
personnel. Periodically, the files are moved to the State Records Center for long
time storage according to DEP SOP LB-006.

Color instrument data excel transfer files for upload to QC manager are stored in
electronic format in the current year’s subfolder located in:
\WFLDEP1\DEAR\Labs\lab3\Chem_Data\Inorganic\Nutrients\AQ2\COLOR\.

8. QUALITY CONTROL

8.1.

8.2.

8.3.

8.4.

Page 8 of 12

For method performance and acceptance criteria for QC measures and corrective
action for out-of-control data and contingencies for handling out-of-control or
unacceptable data, refer to the following DEP SOPs, NU-038 and NU-043.

A CCV and a CCB are run as check standards at the beginning of the run, every
10 samples, and at the end of each run. After the initial CCV and CCB a PQL
level standard and an ALTQC (4.2.) standard are analyzed. Acceptance limits for
recoveries of the standards are 70 - 130 % for the PQL and 85 - 115 % for the
CCV. The ALTQC recovery should be within the manufacturer’s certified limits.
Every MBLK (filtered) marks the beginning of a new batch of ten (or less)
samples. Acceptance limits for the CCB and MBLK (filtered) are < 2.5 PCU and
>-2.5 PCU.

Analyze a duplicate sample for every batch. The RPD for the duplicates should
be less than 20 % provided the duplicate results are above the PQL (6 PCU).

Calibration Range - See QA Manual Appendix B Section 7.1.1, ‘Protocol for
Determining the Test Method Range of Applicability’. Acceptance limits for
recoveries of calibration standards above the PQL are 90 - 110 % and 70 - 130 %
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8.5.

at the PQL level. The correlation coefficient of the calibration must be equal to or
greater than 0.995 for the calibration to be acceptable.

The pH of each aliquot analyzed for color is recorded on the NU-COLORpH
sheet (Appendix C). If the pH of a sample is verified to be below 4 or above 10
units, it needs to be adjusted to pH 7. The adjusted aliquot is analyzed and a test
comment is added in QC Manager indicating that the aliquot analyzed was
adjusted (see 6.4.10.).

9. SAFETY/HAZARDOUS WASTE MANAGEMENT

9.1.

9.2.

9.3.

94.

Review the Laboratory Health and Safety Plan (accessible on the intranet at
https://www.fldepnet.org/content/dear/bureau-laboratories-health-and-safety-
plan).

Safety glasses, gloves and lab coats should be worn at all times whilst handling
samples and standards.

Before performing the color analysis for the first time, read the MSDS sheet on
the platinum-cobalt standard used in this analysis.

All purchased color standards and wastes thereof may be corrosive. Wastes
exhibit the characteristic of corrosivity if they are aqueous and have a pH <2 or >
12.5. Test the pH of any instrument waste before discarding it down the sink. If
it is determined to be corrosive it must be discarded as hazardous waste (acidic
waste drum in the waste room if the pH is below 2). The standard described in
section 4.1 must be discarded as hazardous waste (pH < 2).

10. REFERENCES/DEFINITIONS/VALIDATION DATA

For definitions see section 3 of the FDEP Quality Manual. All abbreviations used
throughout the document are defined at least once in the document usually at the
first time of use. Method validation data is on file with the supervisor.

10.1.
10.2.
10.3.

10.4.

10.5

10.6.

10.7.
10.8.
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Standard Methods Online 2120 B-01.
DEP SOP NU-026, Manual Determination of pH.

DEP SOP NU-033, Summary of Sample Analysis Procedures for the General
Chemistry and Nutrients Workgroups.

DEP SOP NU-038, Nutrients and General Chemistry: Quality Assurance and
Quality Control.

DEP SOP NU-042, Standard Preparation Procedure

DEP SOP NU-043, Nutrients and General Chemistry Quality Assurance and Data
Authorization Guidelines.

Quality Manual, Bureau of Laboratories, FDEP.
Laboratory Health and Safety Plan.
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10.9.

11/17/2011

01/13/2012

02/01/2012

05/24/2012

01/08/2015

01/07/2015
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DEP SOP LB-006, Standard operating procedure for records maintenance and
storage.

Appendix A
Appendix of Significant Changes

Section 6.4.5: Added Bleach Cleaning Procedure. Section 6.4.10. and 8.4.:
Procedure for recording and adjusting the pH.

MDL was adjusted to 2.5 PCU. Clarified waste disposal procedure. A filtered
MBLK is run at the beginning of every batch (6.4.7.).

Standard preparation was corrected in Section 4. Naming convention corrected in
Section 6.4.6.

Calibration preparation procedure changed, see Section 4. Calibration and
analysis procedure edited in Section 6.

File naming convention was modified for consistency and to specify the
instrumentation used (see 6.4.6. and 7.1.). Data archival information was clarified
in section 7.

Filtering procedure in Section 6.4.7. and pH determination procedure in Section
6.4.10. modified. Appendix C example NU-COLORpH sheet updated.
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Appendix B

Example Tray Report/Bench Sheet:

AQ-2 Report
'Y AQ-2 Tray Report
Serial Number:
Software Version: 001.4
Report Requested By: Instrument3
Date & Time: Tue Jan 05 10:39:35 2015
Tray Number: 1
Tray Name: 141204CT1
Worklist
Cup Type Details
1 u
2 T-]
3 1]
I s
5 us
€ ué
8 us
E us
10 1]
1 un
12 w2
12 (111
14 U
13 u1s
16 Uig
17 7
& Ui
g ue
20 v
21 w21
-] uzz
] ua
24 u24
% us
2% u2s
2 T
2 uzs
-] Uz
] v
N U
2 vz
n U
M U
-3 v
36 U3

file://C:/AQ/report/1-141204CT1. htm!
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Tests
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CL
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CL
MAN_CLR
MAN_CLR
MAN CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
MAN_CLR
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Appendix C
Example NU-COLORpH sheet:
Analyst: Date: File:
Fitered in pH reading Reading with pH meter Cgrrection - drops Ad::z:j?: pH
Sample ID # with pH sample sample acid or base needed s 9 Notes
Lab strips less 4 greater with pH
than 10 -OH +H meter
Unique ID Exp. date pH Range: pH Range:
1M HCL: Lot #: Lot #:
1N NaOH: Exp date: Exp date:
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