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1. Scope Methods for Chemical Analysis of Metafts
1.1 This test method covers the determination of boron in E 200 Practice for Preparation, Standardization, and Stor-

water and wastewaters by the curcumin colorimetric-extraction  29€ of SStandard and Reagent Solutions for Chemical
method in concentrations between 0.1 and 1.0 mg/L. The _Analysis® - _
range can be extended by dilution of the sample. E 275 Practlce for_ Describing and Measuring Performance
1.2 Only dissolved boron is determined. This test method of Ulgrawolet, Visible, and Near Infrared Spectrophotom-
requires that the water sample be filtered through a 0.45-um eters
membrane filter before analysis. 3. Terminology
1'3. .Th's test method is a colonmetrlc_ method that is V€Y 3.1 Definitions: For definitions of terms used in this test
sensitive to low concentrations of boron in water and requires athod. refer to Terminology D 1129
a relatively small sample volume for analysis. ' ’
1.4 Precision and bias were obtained on natural and wastéd. Summary of Test Method
waters. It is the user's responsibility to ensure the validity of 4.1 when a water sample containing soluble boron is
this test method for waters of untested matrices. acidified with hydrochloric acid and evaporated to dryness in
1.5 This standard does not purport to address all of thethe presence of circumin, a red-colored complex called roso-
safety concerns, if any, associated with its use. It is thgyanine is formed. This colored product is taken up in
responsibility of the user of this standard to establish appro-isopropy| alcohol and is read Spectrophotometrica”y_
priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use. 5. Significance and Use
5.1 Because boron can be both essential and deleterious to
2. Referenced Documents plant growth, and because ingestion of large amounts can affect
2.1 ASTM Standards: the central nervous system in humans, a method is required to
D 1066 Practice for Sampling Steam determine its concentration in potable, natural, and wastewa-
D 1129 Terminology Relating to Wat&r ters. This test method provides a means of determining the

D 1192 Specification for Equipment for Sampling Water boron concentration of these waters. The hoIdlng time for the
and Steam in Closed Conduits samples may be calculated in accordance with Practice D 4841.

D 1193 Specification for Reagent Water 5.2 Boric acid is used for chemical shim control of neutron

D 1293 Test Methods for pH of Watér flux in a nuclear reactor. This test method serves to determine

D 2777 Practice for Determination of Precision and Bias ofif the boron concentration is within acceptable limits.
Applicable Test Methods of Committee D-19 on Water 6

D 3370 Practices for Sampling Water from Closed Con- ) ) ] ]
duits3 6.1 Nitrate concentrations above 20 mg/L begin to interfere.

D 4841 Practice for Estimation of Holding Time for Hardness levels about 100 mg/L as CaQfve high results

Water Samples Containing Organic and Inorganic conbecause of the turbidity caused by the insolubility of the
stituents3 hardness salts in isopropyl alcohol. The turbidity can be

E 60 Practice for Photometric and Spectrophotometri@"m'”ated b_y filtering the fl_nal solution through a 0.45-pym
membrane filter before reading on the spectrophotometer.

- 6.2 Organic color may be present in the sample that could

1 This test method is under the jurisdiction of ASTM Committee D-19 on Water affect absorbance readings on the spectrophotometer. If an
and is the direct responsibility of Subcommittee D19.05 on Inorganic Constituent$nterfering organic coloris present in the sample, the foIIowing
in Water. . . ..

Current edition approved May 15, 1992. Published September 1992. Origin.’;\ll)procecjure has been found useful in reducmg this interference
published as D 3082 — 72 T. Last previous edition D 3082 — 87.

2 This test method is similar to, but not identical with that appearin§tandard -
Methods for Examination of Water and Wastewatk3th Ed., American Public 4 Annual Book of ASTM Standardggl 03.05.

. Interferences

Health Association, Washington, DC, pp 69-72. S Annual Book of ASTM Standardgl 15.05.
3 Annual Book of ASTM Standardgol 11.01. ¢ Annual Book of ASTM Standardggl 03.06.
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for some matrices. Pipet an appropriate sample aliquot into sed as a method of drying boric acid.

platinum dish (Note 1). Make alkaline to litmus with NaOH 8 4 Boron Solution, Standargl.00 mL= 0.010 mg B)—
solution (20 g/L) and add 3 drops in excess. Evaporate t@uantitatively dilute 10.0 mL of the stock boron solution to 1
dryness on a steam or hot-water bath. If desired, organi¢ with water. Store in a plastic bottle or boron-free container.
material may be destroyed by ignition at from 500 to 550°C g5 Curcumin Solutior-Dissolve 40 mg of finely ground
before proceeding. Allow the platinum dish to cool and acidify cyrcumin® and 5 g ofoxalic acid (HC,0,-2H,0) in 80 mL of
with 5 mL of HCI (1 + 19). Triturate with a rubber policeman jsopropyl alcohol. Add 4.0 mL of hydrochloric acid (HCI, sp gr
to dissolve the residue, pour the contents into a calibrated 19) and make up to 100 mL with isopropyl alcohol.

centrifuge tube, wash the platinum dish with 3 or 4 mL of g6 Hydrochloric Acid (1 + 19)—Add 1 volume of hydro-
water, and add to the centrifuge tube. Dilute to the 10-mLchioric acid (sp gr 1.19) to 19 volumes of water.

mark. Centrifuge to obtain a clear solution. Perform the same g 7 |sopropyl Alcohol
steps on a reagent blank. 8.8 Sodium Hydroxide Solutio(R0 g/L)—Dissohe 2 g of

Note 1—Other types of evaporating dishes may be used but must bN@OH in water and dilute to 100 mL.
checked. Porcelain or ceramic-type dishes may contain boron-fluxing Sampling

agents. 9.1 Collect the samples in accordance with Practice D 1066,
7. Apparatus Specification D 1192, or Practices D 3370.

7.1 All laboratory ware used in the performance of this test 9.2 Filter the sample through a 0.45-pm membrane filter as
method must either be plastic or boron-free. soon as possible after sampling.

7.2 Hot-Water Bathwith temperature control at 55 2°C. 9.3 Samples should be collected and stored in polyethylene

7.3 Spectrophotometgsuitable for use in the range of 540 bottles or alkali-resistant, boron-free glass. No other preserva-
nm. The photometric practices prescribed in this test methotion is required.
shall conform to Practice E 60. Spectrophotometers shalg calibration and Standardization
conform to Practice E 275. Measure absorbance using a 50-mm
cell.

7.4 Evaporating Dishes100 to 150 mL capacity.

10.1 Prepare a series of standard boron solutions to cover
the range from 0 to 1.0 mg/L. Make up standards by diluting
suitable volumes of the boron standard solution (1.00
8. Reagents mL = 0.010 mg B) to 100 mL.

8.1 Reagent grade chemicals shall be used in all tests. 10.2 Develop the color complex as directed in 11.1 through
Unless otherwise indicated, all reagents shall conform to thd1.4. Measure the absorbance of each standard at 540 nm in a
specifications of the Committee on Analytical Reagents of thé&0-mm cell using a reagent blank as the reference solution to
American Chemical Society, where such specificationsar&et zero absorbance on the spectrophotometer. Plot absorbance
available” Other grades may be used, provided it is firstversus concentration on linear graph paper. The calibration
ascertained that the reagent is of sufficiently high purity tocurve is linear from 0.1 to 1.0 mg/L.
permit its use without lessening the accuracy of the determiq11  procedure
nation.

8.2 Purity of Water—Unless otherwise indicated, references i

to water shall be understood to mean reagent water COnformm§rganic interferences discussed in 6.2). Run a blank and at least

tpore?epr(ragjﬂc:::gnmtz)rlelggcl)r;rrynpoem; Illj’sg(; Illr)y;aetelrl. Iﬁ;rl Jiasone standard in conjunction with the unknown sample. Add 4

specified at the time of round robin testing of this test methodmL of curcumin solut|_on to each sample and standard, and
then, gently swirl to mix contents.

Note 2—The user must ensure the type of reagent water chosen is 11.2 Place the evaporating dishes in a hot-water bath that is
sufficiently free of interferences. The water should be analyzed using thggontrolled at 55+ 2°C and evaporate to dryness. Allow 15 min
test method. after the contents appear dry before removing. Cool to room

8.3 Boron Solution, Stock1.00 mL=1.00 mg B)—Dry temperature.
about 10 g of boric acid (§BO;) crystals in a desiccator  11.3 Add 10 mL of isopropyl alcohol to each dish and stir
containing a silica gel desiccant for 24 h (Note 2). Dissolvewith a plastic rod to ensure complete dissolution of the
5.719 g of the dry HBO; in water and dilute to 1 L. Store the red-colored complex. Wash the contents of each evaporating
solution in a plastic bottle or boron-free container. dish into a 25-mL volumetric flask using isopropyl alcohol.

Note 3—If boric acid is heated, it gradually loses water, changing firstDIIUte to the mark using isopropyl alcohol and mix thoroughly.

to metaboric acid (HBQ) and finally dehydrating completely to the =~ 11.4 If the_ solution appears turbid, filter through a 0.45-um

anhydrous oxide (805). It is important therefore that oven drying not be membrane filter before reading the absorbance. Measure the
absorbance of each sample and standard at 540 nm on the
spectrophotometer using the reagent blank to set zero absor-

"Reagent Chemicals, American Chemical Society Specifications, Americalhgnce. Record the boron concentration as indicated by the

Chemical Society, Washington, DC. For suggestions on the testing of reagents ”8talibration curve

listed by the American Chemical Society, s@galar Standards for Laboratory '

Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia

and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,

MD. 8 Curcumin is available through Eastman No. 1179.

11.1 Pipet 1.0 mL of a clear, filtered sample containing 0.1
1.0 mg/L of boron into an evaporating dish (Treatment of
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