Standard M ethods for the Examination of Water and Wastewater

2120  COLOR*#(1)

2120 A. Introduction

Color in water may result from the presence of natural metallic ions (iron and manganese),
humus and peat materials, plankton, weeds, and industrial wastes. Color is removed to make a
water suitable for general and industrial applications. Colored industrial wastewaters may require
color removal before discharge into watercourses.

1. Definitions

Theterm **color’’ isused here to mean true color, that is, the color of water from which
turbidity has been removed. The term ‘* apparent color’” includes not only color due to substances
in solution, but also that due to suspended matter. Apparent color is determined on the original
sample without filtration or centrifugation. In some highly colored industrial wastewaters color is
contributed principally by colloidal or suspended material. In such cases both true color and
apparent color should be determined.

2. Pretreatment for Turbidity Removal

To determine color by currently accepted methods, turbidity must be removed before
analysis. Methods for removing turbidity without removing color vary. Filtration yields results
that are reproducible from day to day and among laboratories. However, some filtration
procedures also may remove some true color. Centrifugation avoids interaction of color with
filter materials, but results vary with the sample nature and size and speed of the centrifuge.
When sample dilution is necessary, whether it precedes or follows turbidity removal, it can alter
the measured color.

Acceptable pretreatment procedures are included with each method. State the pretreatment
method when reporting results.

3. Selection of Method

The visual comparison method is applicable to nearly all samples of potable water. Pollution
by certain industrial wastes may produce unusual colors that cannot be matched. In this case use
an instrumental method. A modification of the tristimulus and the spectrophotometric methods
allows calculation of asingle color value representing uniform chromaticity differences even
when the sample exhibits color significantly different from that of platinum cobalt standards. For
comparison of color values among laboratories, calibrate the visual method by the instrumental
procedures.

4. Bibliography
OPTICAL SOCIETY OF AMERICA. 1943. Committee Report. The concept of color. J. Opt. Soc.
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Amer. 33:544.
JONES, H. et a. 1952. The Science of Color. Thomas'Y . Crowell Co., New York, N.Y.

2120 B. Visual Comparison Method

1. General Discussion

a. Principle: Color is determined by visual comparison of the sample with known
concentrations of colored solutions. Comparison also may be made with special, properly
calibrated glass color disks. The platinum-cobalt method of measuring color is the standard
method, the unit of color being that produced by 1 mg platinum/L in the form of the
chloroplatinate ion. The ratio of cobalt to platinum may be varied to match the hue in special
cases; the proportion given below is usually satisfactory to match the color of natural waters.

b. Application: The platinum-cobalt method is useful for measuring color of potable water
and of water in which color is due to naturally occurring materials. It is not applicable to most
highly colored industrial wastewaters.

c. Interference: Even adlight turbidity causes the apparent color to be noticeably higher than
the true color; therefore remove turbidity before approximating true color by differentia reading
with different color filters® or by differential scattering measurements.2 Neither technique,
however, has reached the status of a standard method. Remove turbidity by centrifugation or by
the filtration procedure described under Method C. Centrifuge for 1 h unlessit has been
demonstrated that centrifugation under other conditions accomplishes satisfactory turbidity
removal.

The color value of water is extremely pH-dependent and invariably increases as the pH of
the water is raised. When reporting a color value, specify the pH at which color is determined.
For research purposes or when color values are to be compared among laboratories, determine

the color response of a given water over awide range of pH values.3

d. Field method: Because the platinum-cobalt standard method is not convenient for field
use, compare water color with that of glass disks held at the end of metallic tubes containing
glass comparator tubes filled with sample and colorless distilled water. Match sample color with
the color of the tube of clear water plus the calibrated colored glass when viewed by looking
toward awhite surface. Calibrate each disk to correspond with the colors on the platinum-cobalt
scale. The glass disks give results in substantial agreement with those obtained by the
platinum-cobalt method and their use is recognized as a standard field procedure.

e. Nonstandard laboratory methods. Using glass disks or liquids other than water as
standards for laboratory work is permissible only if these have been individually calibrated
against platinum-cobalt standards. Waters of highly unusual color, such as those that may occur
by mixture with certain industrial wastes, may have hues so far removed from those of the
platinum-cobalt standards that comparison by the standard method is difficult or impossible. For
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such waters, use the methods in Section 2120C and Section 2120D. However, results so
obtained are not directly comparable to those obtained with platinum-cobalt standards.

f. Sampling: Collect representative samplesin clean glassware. Make the color determination
within a reasonabl e period because biological or physical changes occurring in storage may affect
color. With naturally colored waters these changes invariably lead to poor results.

2. Apparatus
a. Nessler tubes, matched, 50-mL, tall form.
b. pH meter, for determining sample pH (see Section 4500-H).

3. Preparation of Standards

a. If areliable supply of potassium chloroplatinate cannot be purchased, use chloroplatinic
acid prepared from metallic platinum. Do not use commercial chloroplatinic acid becauseit is
very hygroscopic and may vary in platinum content. Potassium chloroplatinate is not
hygroscopic.

b. Dissolve 1.246 g potassium chloroplatinate, K,PtClg (equivalent to 500 mg metallic Pt)
and 1.00 g crystallized cobaltous chloride, CoCl,*6H,0 (equivalent to about 250 mg metallic Co)
in distilled water with 100 mL conc HCI and dilute to 1000 mL with distilled water. This stock
standard has a color of 500 units.

c. If K,PtClg is not available, dissolve 500 mg pure metallic Pt in aguaregia with the aid of
heat; remove HNO; by repeated evaporation with fresh portions of conc HCI. Dissolve this

product, together with 1.00 g crystallized CoCl*6H,0, as directed above.

d. Prepare standards having colors of 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, and 70 by
diluting 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, and 7.0 mL stock color standard with
distilled water to 50 mL in nessler tubes. Protect these standards against evaporation and
contamination when not in use.

4. Procedure

a. Estimation of intact sample: Observe sample color by filling a matched nessler tube to the
50-mL mark with sample and comparing it with standards. Look vertically downward through
tubes toward a white or specular surface placed at such an angle that light is reflected upward
through the columns of liquid. If turbidity is present and has not been removed, report as
“*apparent color.”’ If the color exceeds 70 units, dilute sample with distilled water in known
proportions until the color iswithin the range of the standards.

b. Measure pH of each sample.

5. Calculation
a. Calculate color units by the following equation:
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A x50

Color units =
B

where:
A = estimated color of adiluted sample and
B = mL sample taken for dilution.

b. Report color results in whole numbers and record as follows:

Color Units Record to Nearest
1-50 1
51-100 5
101-250 10
251-500 20

c. Report sample pH.
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2120 C. Spectrophotometric Method

1. General Discussion

a. Principle: The color of afiltered sampleis expressed in terms that describe the sensation
realized when viewing the sample. The hue (red, green, yellow, etc.) is designated by the term
“*dominant wavelength,”’ the degree of brightness by ‘‘luminance,’” and the saturation (pale,
pastel, etc.) by ‘‘purity.”” These values are best determined from the light transmission
characteristics of the filtered sample by means of a spectrophotometer.

b. Application: This method is applicable to potable and surface waters and to wastewaters,
both domestic and industrial.

c. Interference: Turbidity interferes. Remove by the filtration method described below.

2. Apparatus

a. oectrophotometer, having 10-mm absorption cells, a narrow (10-nm or less) spectral
band, and an effective operating range from 400 to 700 nm.

b. Filtration system, consisting of the following (see Figure 2120:1):

1) Filtration flasks, 250-mL, with side tubes.

2) Walter crucible holder.

3) Glass Gooch filtering crucible with fritted disk, pore size 40 to 60 nm.

4) Calcined filter aid.*#(2)

5) Vacuum system.

3. Procedure
a. Preparation of sample: Bring two 50-mL samples to room temperature. Use one sample at
the original pH; adjust pH of the other to 7.6 by using sulfuric acid (H,SO,) and sodium

hydroxide (NaOH) of such concentrations that the resulting volume change does not exceed 3%.
A standard pH is necessary because of the variation of color with pH. Remove excessive
guantities of suspended materials by centrifuging. Treat each sample separately, as follows:

Thoroughly mix 0.1 g filter aid in a 10-mL portion of centrifuged sample and filter to form a
precoat in the filter crucible. Direct filtrate to waste flask as indicated in Figure 2120:1. Mix 40
mg filter aid in a 35-mL portion of centrifuged sample. With vacuum still on, filter through the
precoat and pass filtrate to waste flask until clear; then direct clear-filtrate flow to clean flask by
means of the three-way stopcock and collect 25 mL for the transmittance determination.

b. Determination of light transmission characteristics: Thoroughly clean 1-cm absorption
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cells with detergent and rinse with distilled water. Rinse twice with filtered sample, clean
external surfaces with lens paper, and fill cell with filtered sample.

Determine transmittance values (in percent) at each visible wavelength value presented in
Table 2120:1, using the 10 ordinates marked with an asterisk for fairly accurate work and all 30
ordinates for increased accuracy. Set instrument to read 100% transmittance on the distilled water
blank and make all determinations with a narrow spectral band.

4. Calculation

a. Tabulate transmittance values corresponding to wavel engths shown in Columns X, Y, and
Z in Table 2120:1. Total each transmittance column and multiply totals by the appropriate factors
(for 10 or 30 ordinates) shown at the bottom of the table, to obtain tristimulus values X, Y, and Z.
The tristimulus value Y is percent luminance.

b. Calculate the trichromatic coefficients x and y from the tristimulus values X, Y, and Z by
the following equations:

&
X+ Y+ Z

¥

YT X +rv+ 2z

Locate point (x, y) on one of the chromaticity diagramsin Figure 2120:2 and determine the
dominant wavelength (in nanometers) and the purity (in percent) directly from the diagram.

Determine hue from the dominant-wavelength value, according to the rangesin Table
2120:11.

5. Expression of Results

Express color characteristics (at pH 7.6 and at the original pH) in terms of dominant
wavelength (nanometers, to the nearest unit), hue (e.g., blue, blue-green, etc.), luminance
(percent, to the nearest tenth), and purity (percent, to the nearest unit). Report type of instrument
(i.e., spectrophotometer), number of selected ordinates (10 or 30), and the spectral band width
(nanometers) used.
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Endnotes

1 (Popup - Footnote)
*APPROVED BY STANDARD METHODS COMMITTEE, 1993.

2 (Popup - Footnote)
* Celite No. 505, Manville Corp., or equivalent.
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