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METHODS FOR DETERMINATION OF INORGANIC
SUBSTANCES IN WATER AND FLUVIAL SEDIMENTS

By Marvin J. Fishman and Linda C. Friedman, editors

Abstract

Chapter Al of the laboratory manual contains methods
used by the U.S. Geological Survey to analyze samples of
water, suspended sediments, and bottom material for their
content of inorganic constituents. Included are methods for
determining the concentration of dissolved constituents in
water, the total recoverable and total of constituents in
water-suspended sediment samples, and the recoverable and
total concentrations of constituents in samples of bottom
material. The introduction to the manual includes essential
definitions and a brief discussion of the use of significant
figures in calculating and reporting analytical results. Quali-
ty control in the water-analysis laboratory is discussed, in-
cluding the accuracy and precision of analyses, the use of
standard-reference water samples, and the operation of an
effective quality-assurance program. Methods for sample
preparation and pretreatment are given also.

A brief discussion of the principles of the analytical tech-
niques involved and their particular application to water and
sediment analysis is pressented. The analytical methods of
these techniques are arranged alphabetically by constitueat.
For each method, the general topics covered are the applica-
tion, the principle of the method, the interferences, the ap-
paratus and reagents required, a detailed description of the
analytical procedure, reparting results, units and significant
figures, and analytical precision data, when available. More
than 125 methods are given for the determination of 70 in-
organic comstituents and physical properties of water,
suspended sediment, and bottom material.

Introduction

The Department of the Interior has a basic
responsibility for the appraisal, conservation,
and efficient utilization of the Nation’s natural
resources. As one of several Interior agencies,
the U.S. Geological Survey’s primary function
in relation to water is to assess its availability
and utility as a national resource for all uses.

The U.S. Geological Survey’s responsibility for
water appraisal includes not only assessments
of the location, quantity, and availability of
water, but also determinations of water quali-
ty. Inherent in this responsibility is the need for
extensive water-quality studies related to the
physical, chemical, and biological adequacy of
natural and developed surface- and ground-
water supplies. Included, also, is a need for sup-
porting research to increase the effectiveness of
these studies.

As part of its mission the U.S. Geological
Survey is responsible for generating a large part
of the water-quality data for rivers, lakes, and
ground water that is used by planners, develop-
ers, water-quality managers, and pollution-
control agencies. A high degree of reliability and
standardization of these data is paramount.

This chapter is one of a series that documents
and makes available data-collection and analysis
procedures used by the U.S. Geological Survey.
The series describes procedures for planning and
executing specialized work in water-resources in-
vestigations. The unit of publication, the chapter,
is limited to a narrow field of subject matter. This
format permits flexibility in revision and publica-
tion as necessary. For convenience the chapters
on methods for water-quality analysis are
grouped into the following categories:

Inorganic substances

Minor elements by emission spectroscopy

Organic substances

Aquatic biological and microbiological
samples

Radioactive substances

Quality assurance




" TWRI 5-Al

ZUSGS

science for a changing world

METHODS FOR DETERMINATION OF INORGANIC SUBSTANCES
IN WATER AND FLUVIAL SEDIMENTS

U.S. Geological Survey, Techniques of Water-Resources Investigations,

By Marvin J. Fishman and Linda C. Friedman, Editors

O
Page 1 of 5

Book 5, Chapter Al

Table of Contents

Preface
Contributors
Abstract
Introduction
Purpose
Scope
Definitions
Significant figures
References
Quality control
Accuracy of analysis
Basic laboratory and field requirements
Chemical ionic balance
Relation of residue on evaporation to calculated dissolved solids
Relation of specific conductance to residue on
evaporation
Precision of analysis
Reference materials
The central laboratories
Use and documentation of standard laboratory procedures
Analytical review procedure
References
Laboratory equipment and techniques
Glassware and other containers
Chemicals and solutions
Purity
Standard solutions
Nonstandard solutions
Accuracy of measurcment
References
Analytical techniques
Gravimetry
Principles
Analytical balance
Accuracy
Titrimetry
Principles
Standard solutions
Factor-weight computations
Automatic titrations
Atomic absorption spectrometry
Basic principles
Instrumental principles
Radiant energy source
Sample chamber
Wavelength selector

http://water.usgs.gov/pubs/twri/twri5-al/html/toc.html

6/1/2005




TWRI 5-Al Page 2 of 5

Detector
Information processing
Analytical procedures
Direct
Chelation-extraction
Standard additions
Interferences
lonization effects
Chemical effects
Matirx effects
Spectral line effects
Background absorption
Automation techniques
References
Atomic emission spectrometry
Principles
Emission phenomenon
Quantitative analysis by emission
Types of excitation sources
Flames
Direct-current arc
Alternating-current spark
Direct-current argon plasma (plasma jet)
Inductively-coupled argon radio frequency plasma torch
References
Calorimetry
Basic principles
Instrumental principles
Analytical procedures
Interferences
Automated analysis
References
Electrometry
Voltammetry
Ton-sclective electrodes
Specific inductor
pH
References
[on chromatography
Principles
Apparatus
Pumps
Sample injection systems
Separator resins
Suppressor resins
Detectors
Automation
References
Sample preparation and pretreatment
Sample preparation, bottom-material
Subsampling, bottom-material, coring
Subsampling, bottom-material, splitting
Percent moisture, total-in-bottom-material, gravimetric
Extraction procedure, bottom-material
Extraction procedure, water-suspended sediment
Total decomposition, sediment
‘Analytical methods
Acidity, electrometric titration
Alkalinity, electrometric titration
Alkalinity, electrometric titration, automated
Aluminum, atomic emission spectrometric, d-c plasma
Aluminum, atomic absorption spectrometric chelation-extraction
Aluminum, atomic absorption spectrometric, direct

http://water.usgs.gov/pubs/twri/twrib-al/html/toc.html 6/1/2005




TWRI 5-Al

Aluminum, total-in-sediment. atomic absorption spectrometric, direct
Antimony, atomic absorption spectrometric, hydride

Antimony, total-in-sediment, atomic absorption spectrometric, hydride
Arsenic, atomic absorption spectrometric, hydride

Arsenic, atomic absorption spectrometric, hydride, automated
Arsenic, colorimetric, silver sdiethyldithiocarbanate

Arsenic, total-in-sediment, atomic absorption spectrometric, hydride
Barium, atomic absorption spectrometric, direct

Barium, atomic emission spectrometric, [CP

Beryllium, atomic absorption spectrometric direct

Beryllium, atomic emission spectrometric, ICP

Boron, atomic emission spectrometric, d-c plasma

Boron, calorimetric, asomethine H. automated-segmented flow
Boron, calorimetric, curcumin

Boron, calorimetric, dianthrimide

Bromide, titrimctric. hypochlorite oxidation

Bromide, ion-exchange chromatographic, automated

Bromide, ion-exchange chromatographic-electrochemical, automated
Bromide, calorimetric, fluorescein, automated segmented flow
Cadmium, atomic absorption spectrometric, chelation-extraction
Cadmium. atomic absorption spectrometric, direct

Cadmium, atomic absorption spectrometric, graphite furnace

.Cadmium. atomic emnission spectrometric, ICP

Cadmium, total-in-sediment, atomic absorption spectrometric, direct
Calcium, atomic absorption spectrometric, direct

Calcium, atomic absorption spectrometric, dircct-EPA

Calcium, atomic emission spectrometric, ICP

Calcium, totabin-sediment, atomic absorption spectrometric, direct
Carbon dioxide, calculation

Chloride, calorimetric, ferric thiocyanate

Chloride, calorimetric, ferric thiocyanate, automated-segmented flow
Chloride, calorimetric, ferric thiocyanate, automated-discrete
Chloride, titrimetric, mercurimetric

Chloride, titrimetric, Mohr

Chloride, ion-exchange chromatographic, automated

Chromium, atomic absorption spectrometric, chelation-extraction
Chromium, atomic absorption spectrometric, direct

Chromium, atomic absorption spectrometric, graphite furnace
Chromium, total-in-sediment, atomic absorption spectrometric, direct
Chromium, hexavalent, atomic absorption spectrometric, chelation-extraction
Chromium, hexavalent, calorimetric, diphenylcarboxide

Cobalt, atomic absorption spectrometric, chelation-extraction
Cobalt, atomic absorption spectrometric, direct

Cobalt, atomic absorption spectrometric, graphite furnace

Cobalt, atomic emission spectrometric, ICP

Cobalt, total-in-sediment, atomic absorption spectrometric, direct
Color, electrometric, visual comparison

Copper, atomic absorption spectrometric chelation-extraction
Copper, atomic absorption spectrometric, direct

Copper, atomic absorption spectrometric, graphite furnace

Copper, atomic emission spectrometric, ICP

Copper, total-in-sediment, atomic absorption spectrometric, direct
Cyanide, calorimetric, barbituric acid, automated-segmented flow
Cyanide, calorimetric, pyridin-pyraxolone

Density, gravimetric

Fluoride, calorimetric, zirconium-eriochrome cyanine R

Fluoride, electrometric, ion-selective electrode

Fluoride, electrometric, ion-selective electrode, automated-segmented flow
Fluoride, ion-exchange chromatographic, automated

Hardness, calculation

Hardness, titrimetric, complexometric

Hardncess, noncarbonate. calculation

lodide, calorimetric, ceric-arsenious oxidation

http://water.usgs.gov/pubs/twri/twri5-al/html/toc.html

Page 3 of 5

6/1/2005




TWRI 5-Al Page 4 of 5

lodide, calorimetric, cerioarsenious oxidation, automated-segmented flow
Iodide, titrimctric, bromine oxidation

Iron, atomic absorption spectrometric, direct

Iron, atomic emission spectrometric, ICP

Iron, total-in-sediment, atomic absorption spectrometric, direct

Lead, atomic absorption spectrometric, chelation-extraction

Lead, atomic absorption spectrometric, direct

Lead, atomic absorption spectrometric, graphite furnace

Lead, atomic emission spectrometric, ICP

Lead, total-in-sediment, atomic absorption spectrometric, direct

Lithium, atomic absorption spectrometric, direct

Lithium, atomic emission spectrometric, [CP

Lithiurn, total-in sediment, atomic absorption spectrometric

Magnesium, atomic absorption spectrometric, direct

Magnesium, atomic absorption spectrometric, direct-EPA

Magnesium, atomic emission spectrometric, ICP

Magnesium, total-in-sediment, atomic absorption spectrometric, direct
Manganese, atomic absorption spectrometric, chelation-extraction
Manganese, atomic absorption spectrometric, direct

Manganese, atomic absorption spectrometric, graphite furnace

Manganese, atomic emission spectrometric, [CP

Manganese, total-in-sediment. atomic absorption spectrometric

Mercury, atomic absorption spectrometric, flameless

Mercury, atomic absorption spectrometric, flameless automated-sequential
Molybdenum, atomic absorption spectrometric, chelation-extraction
Molybdenum, atomic emission spectrometric ICP

Nickel, atomic absorption spectrometric, chelation-extraction

Nickel, atomic absorption spectrometric, direct

Nickel, atomic absorption spectrometric, graphite furnace

Nickel, total-in-sediment, atomic absorption spectrometric, direct

Nitrogen, titrimetric, digestion-distillation

Nitrogen, ammonia, colorimetric, distillation-nesslerization

Nitrogen, ammonia, colorimetric. salicylate hypochlorite automated-segmented flow
Nitrogen, ammonia, colorimetric, salicylate-hypochlorite automated-discrete
Nitrogen, ammonia, colorimetric, indophenol, automated-segmented flow
Nitrogen, ammonia, electrometric, ion-selective electrode

Nitrogen, ammonia plus organic, calorimetric, block digestor-salicylate-hypochlorite, automated-segmented flow
Nitrogen, ammonia plus organic, calorimetric, block digestor-salicylate-hypochlorite, automated
Nitrogen, ammonia plus organic, calorimetric, digestion-distillation-nesslerisation
Nitrogen, ammonia plus organic, titrimetric, digestion distillation

Nitrogen, nitrate, ion-exchange chromatographic, automated

Nitrogen, nitrite, calorimetric, diaxotization

Nitrogen, nitrite, calorimetric, diaxotization, automated-segmented flow
Nitrogen, nitrite, calorimetric, diasotization, automated-discrete

Nitrogen, nitrite, ion-exchange chromatographic, automated

Nitrogen, nitrite plus nitrate, calorimetric, cadmium reduction-diaxotization, automated-segmented flow
Nitrogen, nitrite plus nitrate, calorimetric, hydrasine reductiondiazotisation, automated-discrete

Oxygen demand, chemical (COD), calorimetric, dichromate oxidation

Oxygen demand, chemical (COD), titrimetric, dichromate oxidation

pH, electrometric, glass-electrode

Phosphorus, calorimetric, phosphomolybdate

Phosphorus, catorimetric, phosphomolybdate, automated-segmented flow

Phosphorus, calorimetric, phosphomolybdate, automated-discrete

Phosphotus, orthophosphate plus hydrolyzable, colorimetric, phosphomolybdate

Phosphorus, orthophosphate plus hydrolyzable, colorimetric, phosphomolybdate, automated-segmented flow
Phosphorus, orthophosphate, calorimetric, phosphomolybdate

Phosphorus, orthophosphate, calorimetric, phosphomolybdate, automated-segmented flow

Phosphorus, orthophosphate, calorimetric, phosphomolybdate, automated-discrete

Phosphorus, orthophosphate. ion-exchange chromatographic, automated

Phosphorus, hydrolyzable and organic, calculation

Potassium, atomic absorption spectrometric, direct

Potassium, atomic absorption spectrometric, direct-EPA

Potassium, total-in-sediment, atomic absorption spectrometric, direct

http://water.usgs.gov/pubs/twri/twri5-al/html/toc.html

6/1/2005




“

TWRI 5-A1l

Selenium, atomic absorption spectrometric, hydride

Selenium, atomic absorption spectrometric, hydride, automated
Selenium, total-in-sediment, atomic absorption spectormetric, hydride
Silica, atomic absorption spectrometric, direct

Silica, atomic emission spectrometric, ICP

Silica, calorimetric, molybdate blue

Silica, calorimetric, molybdate blue, automated segmented flow

Silica, total-in-sediment, atomic absorption spectrometric, direct

Silver, atomic absorption spectrometric, chelation-extraction

Sodium, atomic absorption spectrometric, direct

Sodium, atomic absorption spectrometric, direct EPA

Sodium, atomic emission spectrometric, ICP

Sodium, total-in-sediment, atomic absorption spectrometric, direct
Sodium absorption ratio, calculation

Sodium, percent, calculation

Solids, residue on evaporation at 180 “C, dissolved, gravimetric

Solids, residue on evaporation at 105 “C, dissolved, gravimetric

Solids, residue on evaporation at 105 "C, total, gravimetric

Solids, residue at 106 “C, suspended, gravimetric

Solids, volatile-on-ignition, dissolved, gravimetric

Solids, volatile-on-ignition, total, gravimetric

Solids, volatile-on-ignition, suspended, gravimetric

Solids, volatile-on-ignition, total-in-bottom-material, gravimetric
Solids, nonvolatileon-ignition, dissolved, calculation

Solids, nonvolatileon-ignition, total, calculation

Solids, nonvolatile-on-ignition, suspended. calculation

Solids, sum of constituents, calculation

Specific conductance, electrometric, Wheastone bridge

Strontium, atomic absorption spectrometric, direct

Strontium, atomic emission spectrometric, ICP

Strontium, total-in-sediment, atomic absorption spectrometric, direct
Sulfate, dissolved, calorimetric, complexometric, methyl-thymol blue, automated-segmented flow
Sulfate, turbidhnetric. barium sulfate, automated-discrete

Sulfate, ion-exchange chromatographic, automated

Sulfate, titrimetric, thorin

Sulfide, titrimetric, iodometric

Thallium, atomic absorption, spectrometric, graphite furnace

Tin, atomic absorption spectrometric, hydride, automated

Titanium, total-in-sediment, atomic absorption spectrometric, direct
Turbidity, nephelometric

Vanadium, calorimetric, catalytic oxidation

Vanadium, calorimetric, catalytic oxidation, automated-segmented flow
Vanadium, atomic emission spectrometric, ICP

Zinc, atomic absorption spectrometric, direct

Zinc, atomic absorption spectrometric, graphite furnace

Zinc, atomic emission spectrometric. ICP

Zinc, total-in-sediment, atomic absorption spectrometric, direct

Metals, atomic emission spectrometric, ICP

Anions, ion-exchange chromatographic. automated

Anions, ion-exchsnge chromatographic, low ionic-strength water, automated
Metals, major, total-in-sediment, atomic absorption spectrometric, direct
Metals, major and minor, total-in-sediment, atomic absorption spectrometric, direct
Metals, minor, total-in-sediment, atomic absorption spectrometric, hydride

Page 5 of 5

Back

U.S. Department of the Interior, U.S. Geological Survey
Maintainer: Publications Team

Last update: 07:33:51 Fri 21 Dec 2001

Privacy Statement || Disclaimer || Accessibility

URL: http://water.usgs.gov/pubs/twri/twriS-al/html/toc.htm!

http://water.usgs.gov/pubs/twri/twriS5-al/html/toc.html

“FIRSTGOV

Your First Click ta the \1.S, Covernment

6/1/2005




PREFACE

A series of chapters on techniques describes methods used by the U.S.
Geological Survey for planning and conducting water-resources investigations.
The material is arranged under major subject headings called books and is
further subdivided into sections and chapters. Book 5 is on laboratory analyses;
section A is on water. The unit of publication, the chapter, is limited to a narrow
field of subject matter, “Methods for Determination of Inorganic Substances
in Water and Fluvial Sediments"” is the first chapter under section A of book
6. The chapter number includes the letter of the section.

This chapter was prepared with the assistance of many chemists and hydrolo-
gists of the U.S. Geological Survey as a means of documenting and making
available the methods used by the U.S. Geological Survey to analyze water,
water-sediment mixtures, and sediment samples.

Any use of trade names, commercial products, manufacturers, or distributors
is for descriptive purposes only and does not imply endorsement by the U.S.
Geological Survey.

This chapter supersedes ‘“‘Methods for Determination of Inorganic Sub-
stances in Water and Fluvial Sediments’” by M. W. Skougstad, M. J. Fishman,
L. C. Friedman, D. E. Erdmann, and S. S. Duncan (U.S. Geological Survey
Techniques of Water-Resources Investigation, book 5, chapter A1, 1979) and
A Supplement to Methods for the Determination of Inorganic Substances in
Water and Fluvial Sediments’ by M. J. Fishman and W. L. Bradford (U.S.
Geological Survey Open-File Report 82-272, 1982).






