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PREFACE

This manual supersedes those parts of "Methods for Determination of
Inorganic Substances in Water and Fluvial Sediments,” edited by Fishman and
Friedman (1989), and "Methods for the Determination of Organic Substances in
Water and Fluvial Sediments,” by Wershaw and others (1987) that are revised
herein. It also includes additional methodology to that given in Fishman and
Friedman (1989).
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CONVERSION FACTORS AND RELATED INFORMATION

Multiply By To Obtain
liter (L) 0.2642 gallon
milliliter (mL) 2.64 x 10-4 gallon
microliter (ML) 2.64 x 10-7 gallon
gram (g) 0.03527 ounce, avoirdupois
milligram (mg) 3.53 x 10-5 ounce
meter (m) 3.281 foot
microgram (ug) 3.53 x 10-8 ounce
centimeter (cm) 3.94 x 10-1 inch
millimeter (mm) 3.94 x 102 inch
micrometer (1m) 3.94 x 10-5 inch
nanometer (nm) 0.001 micrometer

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the
following equation:

°F =2 (°C) +32.
5

Abbreviated units of measurement used in report:

amu atomic mass unit

cm/s centimeter per second
eV electronvolt

g/L gram per liter

h hour

kW kilowatt

1b/in2 pound per square inch
L/min liter per minute

mM millimolar

M molar

mg/kg milligram per kilogram
mg/L milligram per liter

mL/min  milliliter per minute
MQ-cm  megohm-centimeter

N normal

ng/uL nanogram per microliter

Pg picogram

viii



rpm
S

s/mL
\%

\/
He/g
ng/L
pg/mL
uS/cm

revolution per minute

second

second per milliliter

volt

watt

microgram per gram

microgram per liter

microgram per milliliter

microsiemens per centimeter at 25 degrees Celsius

Other abbreviations used in report:

ACS
APDC
ASTM
DFTPP
FEP
GC
GC/MS
HPLC
ICP

ID
MIBK
NWQL
oD
PTFE
RFA
SLS

sp gr
USEPA
USGS
VOC
viv

wt

wlv
w/w

American Chemical Society

ammonium pyrrolidine dithiocarbamate
American Society for Testing and Materials
decafluorotriphenylphosphine
fluorinated ethylene propylene

gas chromatograph

gas chromatograph/mass spectrometer
high-performance liquid chromatography
inductively coupled plasma

inside diameter

methy! isobutyl ketone

National Water Quality Laboratory
outside diameter
polytetrafluoroethylene

rapid flow analyzer

sodium lauryl sulfate

specific gravity

U.S. Environmental Protection Agency
U.S. Geological Survey

volatile organic compounds

volume per volume

weight

weight per volume

weight per weight

Notations used in report:

< less than
> greater than or equal to
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METHODS OF ANALYSIS BY THE U.S. GEOLOGICAL SURVEY NATIONAL
WATER QUALITY LABORATORY--DETERMINATION OF INORGANIC AND
ORGANIC CONSTITUENTS IN WATER AND FLUVIAL SEDIMENTS

By Marvin J. Fishman

ABSTRACT

Book S5, chapter Al, entitled "Techniques of Water-Resources
Investigations of the U.S. Geological Survey,” contains methods used to analyze
samples of water, suspended sediment, and bottom material for their content of
inorganic and organic constituents. Technology continually changes, and so this
laboratory manual includes new and revised methods for determining the
concentration of dissolved constituents in water, whole water recoverable
constituents in water-suspended sediment samples, and recoverable concentration
of constituents in bottom material. Each method consists of the application, the
principle of the method, interferences, the apparatus and reagents required, a
detailed description of the analytical procedure, reporting results, units and
significant figures, and analytical precision data. Included in this manual are 30
methods.

INTRODUCTION

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

The USGS responsibility for water appraisal includes not only assessments
of the location, quantity, and availability of water but also determinations of
water quality. 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 supporting research to increase the effectiveness of these studies.

As part of its mission, the USGS is responsible for producing a large part
of the water-quality data for rivers, lakes, and ground water that are used by
planners, developers, water-quality managers, and pollution-control agencies. A
high degree of reliability and standardization of these data is paramount.



Rapid changes in technology are constantly providing new and improved
methods for the study of water-quality characteristics. Therefore, method
manuals need to be updated frequently to gain the advantages of improved
technology. This manual makes available recent (1993) revisions of procedures
contained in publications entitled "Techniques of Water-Resources Investigations
of the U.S. Geological Survey (Fishman and Friedman, 1989; Wershaw and
others, 1987). Also included in this manual are some new methods which are in
use in the USGS National Water Quality Laboratory (NWQL). Since the last
inorganic and organic manuals were published, 30 methods have been approved
for use in the NWQL. These methods are published herein.

This manual includes techniques and procedures suitable for the analysis of
representative samples of water and fluvial sediment. For each method, the
general topics covered are application, principle of the method, interferences,
apparatus and reagents required, a detailed description of the analytical
procedure, reporting results, units and significant figures, and analytical
precision data. Each method, where applicable, applies to the determination of
constituents in solution (dissolved), the determination of whole water recoverable
constituents (substances in solution and adsorbed on or part of suspended
sediment), and finally the determination of recoverable constituents from samples
of bottom material.

Each method is identified by one or more four-digit numbers preceded by
a letter. The letter prefix designates whether the method applies to a physical
characteristic (P), an inorganic substance (I), an organic substance (O), a
radioactive substance (R), a biological characteristic or determination (B), an
element determined by emission spectroscopic method (E), or a sediment
characteristic (S). The first digit of the identifying number indicates the type of
determination (or procedure) for which the method is suitable, according to the
following:

0----mmmmmmmmmeeee Sample preparation.

Pomomme e Manual method for dissolved constituents.

2o Automated method for dissolved constituents.

3o Manual method for analyzing water-suspended sediment
mixtures.

G Automated method for analyzing water-suspended
sediment mixtures.

S Manual method for analyzing samples of bottom
material.

6-------mmeee Automated method for analyzing samples of bottom
material.

T emmmmmmm e Method for suspended constituents.



The last three digits are unique to each method. Additionally, each method
number has an appended two-digit number designating the year of last approval
of that method. If revisions of a method are issued in the calendar year of last
approval, suffixes A, B, and so forth are added to the year designation to identify
such a subsequent revision. This numbering system simplifies the identification
of each method as new or revised methods are introduced.

Reporting the results of analyses of water and fluvial-sediment samples
requires the use of several terms that are based on the combination of physical
phases sampled (water or sediments) and the analytical methods used. These
terms are as follows: dissolved, suspended recoverable, whole water recoverable,
and recoverable from bottom material. These terms are defined by Fishman and
Friedman (1989).

REFERENCES

Fishman, M.J., and Friedman, L.C., eds., 1989, Methods for determination of
inorganic substances in water and fluvial sediments (3d ed.): U.S.
Geological Survey Techniques of Water-Resources Investigations, book 5,
chap. Al, 545 p.

Wershaw, R.L., Fishman, M.J., Grabbe, R.R., and Lowe, L.E., eds., 1987,
Methods for the determination of organic substances in water and fluvial
sediments: U.S. Geological Survey Techniques of Water-Resources
Investigations, book 5, chap. A3, 80 p.






ANALYTICAL METHODS

Acidity, low ionic-strength water, electrometric titration, automated

Parameter and Code:
Acidity, 1-2022-90 (mg/L as Ht): 71825

1. Application

This method is used to determine acidity in samples of water with a specific
conductance less than 100 uS/cm. The method was implemented in the National
Water Quality Laboratory in January 1987.
2. Summary of method

2.1  Acidity is determined by titrating a water sample with a standard
solution of strong base. The titration is stopped at pH 9.00, and the second
derivative plot is used to calculate the acidity. For more information on the use
of the second derivative, see Peters and others (1974, p. 376-381).

2.2 Acidity might be susceptible to change between time of collection
and analysis, with changes occurring more rapidly after the sample is opened.
The determination needs to be performed within 8 hours.

2.3  Water samples for the determination of acidity should not be
filtered, diluted, concentrated, or altered physically or chemically.

3. Interferences

3.1 Exposure to carbon dioxide in air can cause variations in pH and
acidity.

3.2  Oils and greases, if present, might tend to foul the pH meter
electrode and prevent proper operation.

4. Apparatus
4.1 Autoburet, 1.0 mL capacity, Kyoto APB-118 or equivalent.
4.2  Autosampler, Kyoto CHG-310 with sample cover or equivalent.

4.3  Potentiometric titrator, Kyoto AT-310 automatic titrator or
equivalent.



4.4 pH meter, capable of reading to the nearest 0.01 pH unit, Kyoto
STD-310 preamplifier or equivalent.

4.5 pH electrode, Orion Ross 810300 semimicro or equivalent.

4.6 With this equipment and the manufacturer's manual, the following
operating conditions have been found to be satisfactory:

Control parameters

Method (Intermit).........coceevveeeenenn. 05
Titration form..........ccoveveeevirennnen. EP stop
Number of endpoints .................... 1
GaiN.......ccovvivieiiiiiiini e 1

Cutoff time.............ccvvvvnen. cavrenn 20 seconds
Unit volume.........c..coeeeviiiiinennennn. 0.005 mL
Piston speed..........ccooevvvviiinininninn 5 s/mL

Titration parameters

Buret.......coviviiririiienniien i, 05
Reagent...........ccoevviiinrivnnncnininnnnns 0.01N HCl
Preamplifier..........ccccovviiienininnnnn STD

PSU (preamplifier gain control)..... 1
Dimension ..........ccceeevereriiiiininiennnns pH

Wait time........... evererenarnees vreerens 90 seconds
Maximum volume...........ccooeveennene. 3 mL

4.7 Sample cover, case to cover autosampler during operation. Cover
contains inlet and outlet ports to purge autosampler of air with nitrogen gas.

5. Reagents

5.1 Buffers, pH 4.00 and 7.00 traceable to the National Institute for
Standards and Technology.

5.2 Sodium hydroxide solution, 0.01N: Commercially available from
J.T. Baker or equivalent.



6. Procedure

6.1 Purge autosampler with nitrogen (15-25 1b/in2) for 15 minutes prior
to calibration or analysis of samples. The nitrogen needs to flow through the
autosampler during all operations.

6.2  Calibrate electrode daily according to manufacturer's instructions
using pH 4.00 and 7.00 buffers.

6.3  Pipet 30 mL of sample into titration vessels. Place cups in
autosampler and begin analysis. The titration stops at first endpoint detected
electrometrically by the pH electrode or when maximum volume of 3 mL is
exceeded.

7. Calculations

Acidity is calculated with the instrument's data reduction system and
defined as follows:

mL titrant x 0.01N NaOH x 1.008 x 1,000
mL sample

Acidity (mg/L as H") =

8. Report

Report acidity (71825) as hydrogen ion concentration to the nearest 0.01
mg/L.

9. Precision

Precision for acidity, measured in milligrams per liter as H*, for
three samples expressed in standard deviation and in percentage relative standard
deviation, is as follows:

Mean Standard deviation Relative standard deviation
(mg/LL HY) (mg/L) (percent)
7.79 0.16 2.1
.026 .0044 16.9
021 .0037 17.6



Reference

Peters, D.G., Hayes, J.M., and Hieftje, G.M., 1974, Chemical separations and
measurements--Theory and practice of analytical chemistry: Philadelphia,
W.B. Saunders Co., p. 376-381.



Alkalinity, low ionic-strength water, electrometric
titration, automated

Parameters and Codes:
Alkalinity, 1-2034-86 (mg/L) as CaCO3: 90410

Alkalinity, 1-2034-86 (peq/L): none

1. Application

This method is used to determine alkalinity in water samples containing
more than 0.5 mg/L CaCO3 and with a specific conductance less than 100 uS/cm.
The method was implemented in the National Water Quality Laboratory in
January 1986.

2. Summary of method

2.1 Alkalinity is determined by titrating a water sample with a standard
solution of strong acid. The titration is stopped at pH 3.5, and the second
derivative plot is used to calculate the alkalinity. This method approximates the
results derived by Gran's titration calculations. For more information on the use
of the second derivative, see Peters and others (1974, p. 376-381).

2.2 Alkalinity might be susceptible to change between time of collection
and analysis, with changes occurring more rapidly after the sample bottle is
opened. The determination needs to be performed within 8 hours.

2.3 Water samples for the determination of alkalinity should not be
filtered, diluted, concentrated, or altered physically or chemically.

3. Interferences
3.1 Any ionized substance that reacts with a strong acid can contribute to
alkalinity if the reaction occurs at a pH greater than that of the endpoint;

examples are salts of weak organic and inorganic acid.

3.2 Oils and greases, if present, might tend to foul the pH meter
electrode and prevent proper operation.

3.3 Exposure to carbon dioxide in air might cause variations in both the
pH and alkalinity.



4. Apparatus
4.1 Autoburet, 1.0 mL capacity, Kyoto APB-118 or equivalent.
4.2 Autosampler, Kyoto CHG-310 or equivalent.

4.3  Potentiometric titrator, Kyoto AT-310 automatic titrator or
equivalent.

4.4 pH meter, Kyoto STD-310 preamplifier or equivalent.
4.5 pH electrode, Orion Ross 810300 semimicro or equivalent.

4.6 With this equipment and the manufacturer's manual, the following
operating conditions have been found to be satisfactory:

Control parameters

Method (Intermit).........cccoeeuuennnnn. 05
Titration form............ccccceeeiinnn, EP stop
Number of endpoints .................... 1
GaiN..oooiieie 1

Cutoff ime.........ccovvvverieiinneennnnnn. 20 seconds
Unit volume..........ccooevvurevennennnnnnn. 0.010 mL
Piston speed.........ccooeeviiininieinnnnnn. 5 s/mL

Titration parameters

Buret.......ooovviiiiiiiiiie e, 05
Reagent ...........cccooiiiiiiiiiiiiiniininn, 0.01N HCI
Preamplifier..............cocceeeeeeiniin. STD

PSU (preamplifier gain control)..... 1
Dimension .........cccovevriiineeiiniieneens pH

Wait time..........c.oeoeeeiiiininnnnn. 90 seconds
Maximum volume.............ceu..eee. 3mL

4.7 Sampler cover, case to cover autosampler during operation. Cover
contains inlet and outlet ports to purge autosampler of air with nitrogen gas.

5. Reagents

5.1 Buffers, pH 4.00 and 7.00 traceable to the National Institute for
Standards and Technology.

10



5.2 Hydrochloric acid standard solution (certified) 0.01N:
Commercially available from J.T. Baker or equivalent.

6. Procedure

6.1 Purge autosampler with nitrogen (15 to 25 Ib/in2) for 15 minutes
prior to calibration or analysis of samples. The nitrogen needs to flow through
the autosampler during all operations.

6.2 Calibrate electrode daily according to manufacturer's instructions
using pH 4.00 and 7.00 buffers.

6.3 Pipet 30 mL of sample into titration vessels. Place cups in
autosampler and begin analysis. The titration stops at first endpoint detected
electrometrically by the pH electrode or when maximum volume of 3 mL is
exceeded.

7. Calculations

Alkalinity is calculated with the instrument's data reduction system and
defined as follows:

i 01N HCl x 50.05 x 1,000
Alkalinity (mg/L as CaCO5) = T titrant x 0.01N HCl x 30.05 x

mL sample

8. Report

Report alkalinity (90410) as CaCO3 concentration as follows: less than 0.5
mg/L as less than 0.5 mg/L; 0.5 mg/L and greater, nearest 0.1 mg/L.

9. Precision

9.1 Precision for total alkalinity, expressed in milligrams per liter as
CaCO3 in standard deviation and in percentage relative standard deviation, for

three laboratorics analyzing five samples in duplicate on three different days, is
as follows:

11



Mean Standard deviation Relative standard deviation

(mg/L ) (mg/L) (percent)
1.01 0.14 13.9
3.84 12 3.1
5.16 13 2.5

15.28 40 2.6
31.71 42 1.3
Reference

Peters, D.G., Hayes, J.M., and Hieftje, G.M., 1974, Chemical separations and
measurements--Theory and practice of analytical chemistry: Philadelphia,

W.B. Saunders Co., p. 376-381.

12



Aluminum, atomic emission spectrometry, dc plasma

Parameters and Codes:

Aluminum, dissolved, 1-1054-86 (ug/L as Al): 01106
Aluminum, whole water recoverable, 1-3054-86 (ug/L. as Al): 01105
Aluminum, suspended recoverable, 1-7054-86 (ug/L. as Al): 01107

Aluminum, recoverable from bottom material, 1-5054-86(.g/g as Al): 01108

1. Application

1.1  This method is used to analyze samples of finished water, natural
water, industrial water, and water-suspended sediment containing from 10 to
10,000 pg/L of aluminum. Sample solutions containing more than 10,000 pg/L
aluminum or with specific conductances greater than 10,000 pS/cm must be
diluted. This modified method was implemented in the National Water Quality
Laboratory in January 1986.

1.2 Suspended recoverable aluminum is calculated by subtracting
dissolved aluminum from whole water recoverable aluminum.

1.3 This method is used to analyze bottom material containing at least 10
pg/g of aluminum.

1.4 Recoverable aluminum in water-suspended sediment needs to
undergo a preliminary digestion solubilization by method 1-3485, and
recoverable aluminum in bottom material needs to undergo preliminary digestion
solubilization by method I-5485 before being determined.

2. Summary of method

Aluminum is determined by a direct-reading emission spectrometer that
uses a dc argon plasma as an excitation source (Johnson and others, 1979a,
1979b). A solution of lithium chloride, sulfuric acid, and glycerin is added to
samples and standards to provide a common background matrix and to
compensate for viscosity changes. The liquid solution then is converted by a
ceramic nebulizer into a fine aerosol and introduced into the plasma by means of
a plastic spray chamber and Pyrex injection tube. Aluminum is determined on
the average of two replicate exposures using a 10-second integrated intensity. A
standard solution and a blank are used to calibrate the instrument.

3. Interferences

Stray-light effects in a high-resolution, single-element dc argon plasma
atomic emission spectrometer are negligible.

13



4. Apparatus

4.1 Spectrometer, Spectrametrics, DCP IV or Beckman, Spectrospan
DCP VI with dc argon plasma or equivalent, with Echelle optics, printer,
autosampler, and peristaltic pump.

4.2 Refer to manufacturer's manual to optimize instrument for the
following:

Plasma viewing position........... +1

GaS ..o Argon

Sleeve pressure....................... 50 Ib/in2

Nebulizer pressure.................. 25 Ib/in2

Entrance slit..........ccccevvvveennee. 25x300 pm

Exit slit......coooevviiinriiinninnnnnnn. 50x300 pm
Voltage.......ccocevvvereieiienenennnnnn. 1,000 V
Wavelength........ccccccoiviiiennnnn 308.215 nm

Signal amplification................ 40-60 percent full-scale (1,000 pg/L)

5. Reagents

5.1 Water: All references to water shall be understood to mean ASTM
Type I reagent water (American Society for Testing and Materials, 1991).

5.2 Aluminum standard solution I, 1 mL = 100 ug Al: Dissolve 0.100 g
aluminum powder in a minimum of 6M HCI using a Teflon beaker. Heat to
increase rate of dissolution. Add 10.0 mL 6M HCI and dilute to 1,000 mL with
water. Store in plastic bottle.

5.3  Aluminum working solution, 1.00 mL = 10.0 pg Al: Dilute 100 mL
aluminum standard solution I to 1,000 mL with water. Store in plastic bottle.

5.4 Glycerin, USP.
5.5 Hydrochloric acid, concentrated (sp gr 1.19), Ultrex or equivalent.

5.6  Hydrochloric acid, 6M: Add 500 mL concentrated HCl (sp gr 1.19)
to 400 mL water and dilute to 1 L with water.

5.7 Lithium chloride, LiCl, reagent-grade.

5.8 Matrix modifier: Dissolve 367 g LiCl in 1,000 mL water. Allow
the solution to cool. Transfer to a 4-L polyethylene container, and while stirring

14



add 2,000 mL of glycerin. In a Teflon beaker slowly add with stirring 400 mL
concentrated H,SO, to 400 mL water. When the dilute acid has reached room

temperature, add the acid slowly, with stirring, to the glycerin-LiCl solution.
Dilute to 4,000 mL with water.

5.9 Sulfuric acid, concentrated (sp gr 1.84), Ultrex or equivalent.
6. Procedure

6.1 Pipet 10.0 mL sample into a disposable plastic test tube.

6.2 Pipet 10.0 mL blank and working solution into plastic test tubes.

6.3 Add 2.0 mL matrix modifier to the samples, blank, and working
solution.

6.4 Place plastic caps on the tubes and mix well.

6.5 Refer to manufacturer's manual for computer-operating and
wavelength-optimization procedures. Use the prepared blank and aluminum
working solution for instrument calibration and all subsequent recalibrations.

6.6 Refer to manufacturer's manual for autosampler operating
procedures. Pour samples in autosampler tray, positioning a blank and working
solution after every eight samples for the DCP VI and after every three samples
for the DCP IV. Begin analysis (NOTE 1).

NOTE 1. Because of thermal instability inherent with the high-resolution
spectrometer, repeak the analytical line if the aluminum standard drifts more than
4 percent.

7. Calculations

7.1  The computer system is designed so that the blank and the 10,000-
pg/L aluminum working solution are used to establish a two-point calibration
curve. The system will convert instrument intensity readings to analytical
concentrations, The printer display includes the blank and working-solution
instrument intensity readings, blank and standard concentrations, sample
instrument intensity readings, sample concentrations, average of sample
concentrations, and standard deviation.

7.2 Obtain the micrograms per liter of dissolved or whole water
recoverable aluminum in each sample from the printer.
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7.3 To determine micrograms per liter of suspended recoverable
aluminum, subtract dissolved aluminum concentrations from whole water
recoverable aluminum concentrations.

7.4 To determine micrograms per gram of aluminum in samples of
bottom material, first determine the micrograms per liter of aluminum in each
sample as in paragraph 7.1; then

mL of original digest
wt of sample, in g

8. Report

8.1 Report concentrations of aluminum, dissolved (01106), whole water
recoverable (01105), and suspended recoverable (01107), as follows: less than
100 pg/L, nearest 10 pg/L; 100 pg/L and greater, two significant figures.

8.2 Report aluminum concentrations, recoverable from bottom material
(01108), as follows: less than 1,000 pg/g, nearest 10 pg/g; 1,000 pg/g and
greater, two significant figures.

9. Precision
9.1 Precision for dissolved aluminum, on the basis of 14 to 18

determinations by a single operator during a 47-day period, expressed in standard
deviation and in percentage relative standard deviation, is as follows:

Relative
Number of Mean Standard deviation standard deviation
determinations (ug/L) (ng/L) (percent)
17 12.9 1.9 14.7
14 30.5 3.0 9.8
14 73.1 8.9 12.2
15 132 11 8.3
18 221 6.0 2.7
18 437 18 4.1
18 763 32 4.2
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9.2 Itis estimated that the percentage relative standard deviation for
whole water recoverable and suspended recoverable aluminum, as well as for
recoverable aluminum in bottom material, will be greater than that reported for
dissolved aluminum.
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Anions, ion-exchange chromatography, automated

Parameters and Codes:
Anions, dissolved, I-2057-90 (see below)

Parameter Code
Fluoride (mg/L as F) 00950
Chloride (mg/L as Cl) 00940
Sulfate (mg/L as SOg) 00945

1. Application

1.1  This method is used to determine fluoride, chloride, and sulfate in
natural-water samples. Approximate minimum and maximum concentration
limits are listed in table 1. Samples containing anion concentrations greater than
300 mg/L for chloride and sulfate and 3 mg/L for fluoride must be diluted to fall
within the analytical range. Dilutions will affect the detection limits for the three
anions. This modified method was implemented in the National Water Quality
Laboratory in March 1990.

Table 1.--Analytical range for each anion by ion chromatography
[Concentrations in milligrams per liter]

Minimum Maximum
Constituent concentration concentration
Fluoride 0.1 3
Chloride 2 300
Sulfate 2 300

1.2 Filtered, unacidified samples need to be analyzed.

1.3 Bromide, nitrate, nitrite, and orthophosphate have been removed
from the original method 1-2057-85.

2. Summary of method

2.1  All three anions are separated chromatographically following a
single sample injection on an ion exchange column. Ions are separated on the
basis of their affinity for the exchange sites of the resin. The separated anions in
their acid form are measured using an electrical conductivity cell. Anions are
identified on the basis of their retention times compared with known standards.
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The peak height or area is measured and compared with an analytical curve
generated from known standards to quantify the results.

2.2 For additional information on ion chromatography, see Small and
others (1975), Fishman and Pyen (1979), Tater (1987), and Small (1989).

3. Interferences

3.1 A negative water-dip occurs immediately prior to the elution of
fluoride, occasionally causing negative interference with the fluoride
determination. It is eliminated by the introduction of a small stream of
concentrated eluant to the sample (fig. 1).

3.2 Late eluting peaks might appear on subsequent chromatograms, and
might give false values for the anions of interest. This problem can be prevented
by careful review of each chromatogram produced.

4. Apparatus

4.1 Ion chromatograph, Dionex Model 4500 or equivalent, equipped
with a Dionex AI450 data station or equivalent.

4.2  With this equipment the following operating conditions have been
found optimal for the two analytical ranges being performed for sulfate,
chloride, and fluoride (see 5.10 and 5.11):

Eluant flow rate ............cccoeeeeenenee. 2.0 mL/min
Sample 100p.....ccceueeveiiniiiiininaenen. 5to 30 uL
Eluant-head pressure..................... 5-7 Ib/in2

Regeneration pump stroke length ... 30-50 percent
Regeneration pump stroke rate....... 80-90 percent

4.3  Computer, IBM AT or equivalent.

4.4  Guard and separator columns, Dionex OMNI-PAX 500 or
equivalent. Approximate retention times: fluoride (1.2 minutes), chloride (1.5
minutes), and sulfate (2.5 minutes).

4.5 Anion micro-membrane suppressor, Dionex AMM-II or equivalent.

4.6 Autosampler, Gilson No. 212B or equivalent.
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5. Reagents

5.1 Eluant, about 45 mM NaOH and 6 percent methanol: In a 4-L
volumetric flask with about 2 L of water, pipet 9.0 mL of Baker Instra-Analyzed
or equivalent, 50 percent NaOH solution, and 250 mL of helium-sparged HPLC
grade methanol. Bring to volume with water.

5.2 Water: All references to water shall be understood to mean ASTM
Type I reagent water (American Society for Testing and Materials, 1991).

5.3  Water dip eluant: Mix 45 mL 50 percent NaOH with water in a 2-L
container, and bring to volume with water.

5.4 Regenerant solution, about 0.5 mM H,SO4. Add 5.00 mL
concentrated H,SO, (sp gr 1.84) to 4 L water.

5.5 Fluoride stock solution 1, 1.00 mL = 1.0 mg F: Dissolve 2.2101 g
NaF, dried at 105°C for 3 h in water, and dilute to 1,000 mL.

5.6 Fluoride standard solution, 1.00 mL = 0.02 mg F: Dilute 20.0 mL
fluoride stock solution I to 1,000 mL.

5.7 Chloride stock solution, 1.00 mL = 10.0 mg Cl: Dissolve 16.4847 g
NaCl, dried at 105°C for 3 h in water, and dilute to 1,000 mL.

5.8  Sulfate stock solution, 1.00 mL = 10.0 mg SO4: Dissolve 14.7867 g
Na,SOy,, dried at 105°C for 3 h in water, and dilute to 1,000 mL.

5.9 Mixed standard solution I : Prepare by making appropriate dilutions
of the anion stock solutions into a 1,000-mL volumetric flask:

Stock solution Concentration
Anion (mL) (mg/L)
F 20.0 20
Cl 200.0 2,000
SO, 200.0 2,000
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5.10 Mixed standard solution II. Prepare a mixed-stock standard by
making appropriate dilutions of the anion stock solutions into a 1,000-mL
volumetric flask:

Stock solution Concentration
Anion (mL) (mg/L)
Cl 10.0 100
SO, 10.0 100

5.11 Mixed working solutions, high analytical range: Prepare a series of
mixed working solutions as follows: Pipet appropriate volumes of mixed
standard solution I into 1,000-mL volumetric flasks and bring to volume with
water. For example:

Volume mixed Concentration Concentration
standard solution I SO, and Cl F
(mL) (mL) (mg/L)
150.0 300 3.00
100.0 200 2.00
50.0 100 1.00
25.0 50 .50
10.0 20 .20
50 10 .10

5.12 Mixed working solutions, low analytical range: Prepare a series of
mixed working solutions as follows: Pipet appropriate volumes of mixed
standard solution II and fluoride standard solution into 1,000-mL volumetric
flasks and bring to volume with water. For example:

Volume mixed Volume
standard fluoride standard Concentration Concentration
solution II solution SO, and Cl F
(mL) (mL) (mg/L) (mg/L)

200.0 150.0 20 3.00

80.0 100.0 8 2.00

20.0 50.0 2 1.00

10.0 25.0 1 .50

2.0 10.0 2 .20

1.0 50 1 .10
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6. Procedure

6.1 Load appropriate method software into system. Start eluant and
regenerant pumps. Check to make sure appropriate head pressure is being
maintained for the eluant being used (NOTE 1).

NOTE 1. Itis best to sparge all eluants with ultrapure helium for 2 to 5
minutes prior to use. This aids in the removal of carbon dioxide from the
eluants.

6.2 Allow 15 to 30 minutes for system equilibration. For the eluant
being used, the conductivity meter must give a reading between 2.00 and 10.0
uS/cm; greater concentrations indicate contamination.

6.3 Analyze a blank through the system to check baseline and system
characteristics.

6.4 Analyze working solutions from smallest to greatest concentration.
The AI 450 software will determine curve fit and correlation coefficients. Six
working solutions are to be used. An acceptable working curve needs to have a
correlation coefficient of at least 0.992.

6.5 All samples with a specific conductance less than 250 puS/cm will be
analyzed using the low analytical range. All other samples will be analyzed using
the high analytical range.

6.6 Blanks and standard reference materials need to account for
approximately 10 percent of the samples analyzed in any given run.

6.7 Because of the wide analytical range, samples with concentrations
less than the minimum limit of the high analytical range need to be reanalyzed on
the low analytical range. Likewise, samples whose concentrations exceed the
maximum limit on the low analytical range need to be reanalyzed on the high
analytical range.

7. Calculations

The AI 450 software automatically calculates analytical curves and
computes the concentrations of each of the anions being determined.
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8. Report

Report dissolved concentrations of fluoride (00950), chloride (00940), and
sulfate (00945), as follows: less than 10 mg/L, to the nearest 0.1 mg/L; 10 mg/L
and greater, two significant figures.

9. Precision

Single operator precision for each of the constituents (minimum of 10
replicates), as determined on standard reference water samples, is as follows:

Fluoride Chloride Sulfate
Relative standard Relative standard Relative standard
Mean deviation Mean deviation Mean deviation
(mg/L) (percent) (mg/L) (percent) (mg/L) —(percent)
0.33 5.9 0.45 18 0.8 20
.34 7.4 1.02 24 28.2 2.8
2.28 1.7 43 39 .35 20
2.46 32 12.3 6.7 41.4 2.0
2.53 1.7 36.3 2.1 220 1.8
67.0 1.1 373 1.9
269 1.2
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Base/neutral and acid extractable compounds,
gas chromatography/mass spectrometry

Base/neutral and acid extractables, whole water recoverable,

Parameter (ug/l
Acenaphthene
Acenaphthylene

Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
bis(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Chloroisopropyl)ether
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl ether
Chrysene
Dibenz(a,h)anthracene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,4-Dichlorophenol

Diethyl phthalate
2,4-Dimethylphenol
Dimethyl phthalate
Di-n-butyl phthalate

1. Application

Parameters and Codes:

0-3116-87

Code

34205
34200
34220
34526
34230
34242
34521
34247
34636
34292
34278
34273
34283
34452
34581
34586
34641
34320
34556
34536
34566
34571
34601
34336
34606
34341
39110

Parameter (pg/L)

2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octyl phthalate
bis(2-Ethylhexyl) phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(1,2,3-cd)pyrene
Isophorone
2-Methyl-4,6-dinitrophenol
Naphthalene

Nitrobenzene
2-Nitrophenol
4-Nitrophenol
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propylamine
Pentachlorophenol
Phenanthrene

Phenol

Pyrene
1,2,4-Trichlorobenzene
2,4,6-Trichlorophenol

Code

34616
34611
34626
34596
39100
34376
34381
39700
39702
34386
34396
34403
34408
34657
34696
34447
34591
34646
34438
34433
34428
39032
34461
34694
34469
34551
34621

This method is suitable for the determination of methylene chloride
extractable base/neutral and acid compounds in samples of water and water-
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suspended sediment containing at least 5 to 30 pg/L of the analyte. Any
compound amenable to methylene chloride extraction and gas chromatographic
separation can be detected by the mass spectrometer, under the proper operating
conditions. Thus this method is not necessarily limited to the determination of
the target compounds listed. This method also can be used for broad spectrum
screening and tentative identification of a wide variety of organic compounds
when used in conjunction with computerized mass spectral reference library
searches in the hands of a skilled mass spectrometrist. This modified method was
implemented in the National Water Quality Laboratory in July 1986.

2. Summary

Base/neutral and acidic organic compounds are extracted from samples of
water and water-suspended sediment with methylene chloride. The extract is
concentrated and subjected to analysis by gas chromatography/mass spectrometry.

3. Interferences

Compounds having gas chromatography retention times and mass spectra
similar to the compounds of interest may interfere with the analysis.
Contamination of the sample and apparatus with the compounds to be determined
also is a potential source of interference. Plastic materials particularly need to be
avoided in the sampling and preparation process because of the presence of
phthalate compounds (used as plasticizers), which might leach into the sample.

4. Instrumentation

4.1 Gas chromatograph/mass spectrometer (GC/MS): Hewlett-Packard
5996, Finnigan 5100 or equivalent. Suggested gas chromatography configuration
follows:

4.1.1 Column, fused silica capillary, 25-m x 0.20-mm inside diameter, 5

percent crosslinked phenylmethylsilicone, 0.33-pm film thickness, Hewlett-
Packard Ultra-II or equivalent.

4.1.2 Carrier gas, helium, 30 cm/s linear flow velocity at 300°C.

4.1.3 Injection mode, splitless, injection port sweep flow 50 mL/min; turn
off for 45 seconds at injection. Septum purge rate 1 mL/min.

4.1.4 Injection port temperature, 2750C.
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4.1.5 Transfer line temperature, 3000C.

4.1.6 Oven temperature program, initial temperature 50°C, hold 5
minutes, program at 60C per minute to 3000C. Hold at 3000C to allow sufficient
time for all target compounds to elute.

4.2  Suggested mass spectrometer configuration:

4.2.1 Ionization mode, electron ionization, 70 eV ionization voltage.

4.2.2 Scan range, 45 to 450 amu.

4.2.3 Scan rate, at least two scans per second.

4.3 In addition, adjust instrument characteristics to meet the
decafluorotriphenylphosphine (DFTPP) performance criteria described in section
9 and to achieve the reporting limits described in section 12.

S. Apparatus

5.1  Concentrator, Kuderna-Danish (K-D), 500 mL, all glass, with
ground-glass joints, a 10.0-mL receiver, and a three-ball Snyder column.

5.2 Evaporative concentrator, Organomation N-Evap or equivalent.
Maintain water bath at room temperature.

5.3  Separatory funnel, 1-L capacity with Teflon stopcock, and ground-
glass or Teflon stopper.

6. Reagents

6.1 Methylene chloride, distilled in glass, pesticide analysis grade,
stabilized with cyclohexene, Burdick and Jackson or equivalent.

6.2 Methanol, distilled in glass, HPLC grade, Burdick and Jackson or
equivalent.

6.3  Sodium chloride, granular, Baker analyzed or equivalent. Heat at
3000C overnight. Store in glass bottle at 1100C.

6.4 Sodium sulfate, anhydrous, Mallinckrodt 8024 or equivalent. Heat at
3000C overnight. Store in a glass bottle at 110°C.
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6.5 Sulfuric acid (143): Prepare by cautiously adding one part
concentrated sulfuric acid (Baker Ultrex or equivalent) to three parts organic-

free water. Store in a refrigerator at 40C.

6.6  Potassium hydroxide solution, 37 percent (w/v): Cautiously dissolve
185 g potassium hydroxide pellets (Baker analyzed or equivalent) in 500 mL

organic-free water, and reflux for 8 h. Cool and store at 40C.

6.7 Water, organic-free. All references to water shall be understood to
mean ASTM Type II reagent water (American Society for Testing and Materials,
1991). Water needs to be tested for possible interfering peaks.

6.8  Boiling chips, 8 to 14 mesh, Hengar or equivalent. Heat at 3000C
overnight, and store in a glass bottle at room temperature.

7. Calibration standards

7.1  Internal standard solution, perdeuteronaphthalene (naphthalene-dg),
Aldrich Chemical Company; perdeuterophenanthrene (phenanthrene-djg), and
perdeuterochrysene (chrysene-dj2), Kor Isotopes or equivalent. Weigh 25.0 mg
of each compound, quantitatively transfer to a 25-mL volumetric flask, and dilute

to volume with methylene chloride (1,000 ng/uL). Store in the dark at 4°C.

7.2 Surrogate standard solution, 1,4-dibromobenzene, 4,4'-
dibromobiphenyl, 2,2'-difluorobiphenyl, phenol-ds, 2,4-dibromophenol, and
2,4,6-tribromophenol, Aldrich Chemical Company. Weigh 5 mg of each of the
six compounds to nearest hundredth of a milligram, quantitatively transfer to a
100-mL volumetric flask, and dilute to volume with methanol (50 ng/uL spiking
solution). Prepare a similar solution in methylene chloride to use as a GC/MS
calibration standard.

7.3 Target compound calibration standards, Supelco base/neutral
solutions 1 through 4 and phenol mixture 604-M or equivalent. Using serial
dilution or other appropriate technique, prepare target compound calibration
standards in methylene chloride to cover the concentration range for the samples
being analyzed. Add a volume of the internal standard solution (paragraph 7.1)
to each standard solution sufficient to yield a concentration of 20 ng/uL of each

internal standard. Store in the dark at 40C.
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7.4 Target compound spiking solution. Prepare a standard solution
similar to that in paragraph 7.3, but bring to volume with methanol for use as a
spiking solution. Do not add the internal standard solution to this solution.

1.5  Decafluorotriphenylphosphine (DFTPP) mass spectrometer
performance evaluation standard solution, Aldrich. Weigh 1.25 mg of DFTPP,
quantitatively transfer to a 25-mL volumetric flask, and dilute to volume with
methylene chloride (50 ng/uL). Store in the dark at 4°C.

8. Sample extraction and concentration

All glassware is washed in warm detergent solution, rinsed with organic-
free water, and heated at 300°C overnight. Immediately before use, the
glassware 1s rinsed with methylene chloride. Stopcock grease is not to be used on
ground-glass joints.

8.1 Weigh the sample bottle to the nearest gram and record the gross
weight for subsequent calculations.

8.2 Add 100 g of sodium chloride to a separatory funnel.

8.3  Pour the sample into the separatory funnel and allow the sample
bottle to drain completely.

8.4 Prepare a blank and spike sample with each set of samples by adding
800 mL of organic-free water to a 1-L separatory funnel containing 100 g of
sodium chloride.

8.5 Stopper the separatory funnels and swirl to dissolve the salt
completely.

8.6  Add to the spike sample a volume of target compound spiking
solution (paragraph 7.4) sufficient to yield a concentration of 5 to 200 pg/L in
the sample.

8.7 Add 0.2 mL of surrogate standard solution (paragraph 7.2) to each
sample, blank, and spike.

8.8 Weigh the empty sample bottle to three significant figures, and
record the tare weight. Calculate the net weight by subtracting the tare weight
from the gross weight. Record the net sample weight.

8.9  Base/neutral extraction
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8.9.1 Adjust the sample to pH 11 or greater, as indicated by pH paper, by
the addition of potassium hydroxide solution.

8.9.2 Add 100 mL methylene chloride to the empty sample bottle, and
swirl to wash the sides of the container with the solvent. The Teflon liner is not
rinsed because of the potential of contamination from solvent that has contacted
the cap threads and surface beneath the liner. Pour the contents of the bottle into
the separatory funnel.

8.9.3 Stopper the separatory funnel and shake for at least 1 minute,
venting often to relieve pressure. Allow the layers to separate.

8.9.4 Drain the organic layer into a 500-mL Erlenmeyer flask and stopper
the flask.

8.9.5 Extract the sample two more times with 50 mL methylene chloride
by repeating paragraphs 8.9.2 through 8.9.4. Collect the extracts in the same
Erlenmeyer flask.

8.9.6 Add approximately 30 g sodium sulfate to the Erlenmeyer flask.
Cover the flask with aluminum foil. Store in the dark at 4°C until ready for
concentration.

8.10 Acid extraction. The acid extracts can be collected separately or
combined with the base/neutral fraction.

8.10.1 Adjust the sample in the separatory funnel to pH 2 or lower with
sulfuric acid (1+3).

8.10.2 Add 100 mL methylene chloride to the separatory funnel.

8.10.3 Stopper the separatory funnel and shake vigorously for at least 1
minute, venting often to release the pressure. Allow the layers to separate.

8.10.4 Drain the organic layer into a S00-mL Erlenmeyer flask and
stopper the flask. The extracts can be combined with the base/neutral fraction at
this step.

8.10.5 Extract the sample two more times with S0 mL methylene chloride

by repeating paragraphs 8.10.2 through 8.10.4. Collect the extracts in the same
Erlenmeyer flask.
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8.10.6 Add approximately 30 g sodium sulfate to the Erlenmeyer flask.
Cover the flask with aluminum foil. Store in the dark at 4°C until ready for
concentration.

8.11 Concentration of base/neutral and acid extractable compounds

8.11.1 Swirl extract to loosen sodium sulfate. Pour dried extract into a
K-D apparatus. Make sure that the sodium sulfate does not transfer into the K-D
apparatus. Rinse the sodium sulfate with 15 mL methylene chloride and pour
into the K-D apparatus. Rinse once more. Add one boiling chip and attach a
three-ball Snyder column.

8.11.2 Concentrate in a fume hood to about 5 mL by heating in the water
bath (65°C) so that the concentration is completed in 30 to 45 minutes.

8.11.3 Swirl the K-D flask to wash the inner surfaces and allow the K-D
flask to cool to ambient temperature. Separate the Snyder column from the K-D
flask, and rinse the walls of the K-D flask with approximately 2 mL of methylene
chloride. Dry the receiver joint with a lint-free towel, and separate the receiver
from the K-D flask.

8.11.4 Reduce the volume of the extract in the receiver to approximately
0.9 mL on the evaporative concentrator.

8.11.5 Stopper the receiver with a ground-glass stopper, and store the
extract in the dark at 4°C or less until analysis can proceed.

8.11.6 Prior to analysis, add 20 pL of internal standard solution. Adjust
the final volume of the sample extract in the receiver to 1.0 mL with methylene
chloride.

9. Gas chromatography/mass spectrometry performance evaluation

9.1 Mass spectrometer performance evaluation. Check the instrument
prior to analyzing any sample and every 24 h thereafter during a series of
analyses to ensure mass spectrometer performance according to the DFTPP
criteria listed in table 2. In addition, initially adjust the mass spectrometer to
ensure that the established reporting level for each target compound can be
achieved.
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Table 2.--Gas chromatography/mass spectrometry performance evaluation using
decafluorotriphenylphosphine

Mass Ion abundance criteria

51 30-60 percent of mass 198

68 Less than 2 percent of mass 69

69 Reference only

70 Less than 2 percent of mass 69

127 40-60 percent of mass 198

197 Less than 1 percent of mass 198

198 Base peak, 100 percent relative abundance
199 5-9 percent of mass 198

275 10-30 percent of mass 198

365 Greater than 1 percent of mass 198
441 Less than mass 443

442 Greater than 40 percent of mass 198
443 17-23 percent of mass 442

9.1.1 Suggested gas chromatograph (GC) oven temperature programming
conditions for the analysis of DFTPP are modified from those outlined in
paragraph 4.1.6 to enable rapid analysis if repeated corrections need to be made
to pass the DFTPP criteria. Program the GC oven temperature to ramp from
500C (no hold time) to 300°C at 30°C per minute after injection of 1 puL of the
DFTPP standard solution. Mass spectrometer conditions are the same as those
outlined in paragraph 4.2.

9.1.2 Mass spectral peak abundance averaging and background correction
can be used to obtain a DFTPP spectrum for evaluation.

9.1.3 If the mass spectrum for DFTPP fails to meet the criteria specified
in table 2, retune the mass spectrometer and reanalyze the DFTPP until the
criteria are passed.

9.2  Gas chromatograph performance evaluation. GC performance
normally is reflected in the variation of the target compound response factors
relative to response factors obtained using a new capillary column and freshly
prepared standard solutions. In particular, the response for 2,4-dinitrophenol, 2-
methyl-4,6-dinitrophenol, 4-nitrophenol, dibenz(a,h)anthracene, indeno(1,2,3-
cd)pyrene, and benzo(g,h,i)perylene will deteriorate, indicating that the column
needs to be maintained. A portion of the inlet end of the capillary column can be
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removed to restore performance; however, the column needs to be replaced when
N-nitrosodimethylamine becomes obscured by the methylene chloride solvent
front.

10. Target compound calibration

Initial calibration data are acquired using a new GC column and freshly
prepared standard solutions. These data are used in subsequent evaluation of
system performance.

Prior to the analysis of each sample set and every 24 h thereafter during a
series of analyses, analyze and evaluate a standard solution (or solutions)
containing all of the target compounds and surrogates to ensure system
performance is adequate.

10.1 Acquire data for each target compound and surrogate standard
solution by injecting 1 to 3 uL of standard solution.

10.2 Calculate the relative retention time (RRT¢) for each compound as
follows:

RT¢
RRT, = ,
RTj

where RT¢ = uncorrected retention time of the quantitation ion of the
target compound or surrogate standard, and

RTj = uncorrected retention time of the quantitation ion of the
internal standard for the compound in question.

10.3 Most GC/MS data systems provide a linear least squares calibration
curve fitting routine, which is usually suitable for calibration of the target
compounds. The calibration routine should use the response of the target
compound relative to that of the appropriate internal standard in relation to the
target compound concentration. Take care to include enough data points (at least
five suggested), with the smallest concentration standard within a factor of two of
the minimum reporting limit. The respective quantitation ions and internal
standard reference used in these calculations are listed in table 3.
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10.4 System performance generally can be considered to be acceptable if
back calculation of the standard compound concentrations agrees within +20
percent of the expected values. However, given the wide range of functionalities
represented by the target compounds, and the varied effects that different sample
matrices might have on gas chromatography performance in particular, it may
not be reasonable to expect all of the compounds to respond in a similar,
predictable fashion.

Table 3.--Quantitation information for base/neutral-acid compounds

[ng/L, microgram per liter]

Minimum
reporting
Quantitation limit Compound Intemal standard
Compound name ion (ug/l) type reference

Perdeuteronaphthalene 136 Not used Internal standard 1

Perdeuterophenanthrene 188 Not used Internal standard 2

Perdeuterochrysene 240 Not used Intemnal standard 3

1,4-Dibromobenzene 236 Not used Surrogate 1
4,4'-Dibromobiphenyl 152 Not used Surrogate 2
2,4-Dibromophenol 252 Not used Surrogate 1
2,2'-Difluorobiphenyl 190 Not used Surrogate 1
Perdeuterophenoll 99 Not used Surrogate 1
2,4,6-Tribromophenol 141 Not used Surrogate 2
Acenaphthene 154 5 Target 2
Acenaphthylene 152 5 Target 1
Anthracene 178 5 Target 2
Benzo(a)anathracene 228 5 Target 3
Benzo(b)fluoranthene 252 10 Target 3
Benzo(k)fluoranthene 252 10 Target 3
Benzo(g.b,i)perylene 276 10 Target 3
Benzo(a)pyrene 252 10 Target 3
4-Bromopheny] phenyl ether 248 5 Target 2
Butyl benzyl phthalate 149 5 Target 3
bis(s-Chloroethoxy)methane 93 5 Target 1
bis(2-Chloroethyl)ether 93 5 Target 1
bis(2-Chloroisopropyl)ether 121 5 Target 1
4-Chloro-3-methylphenol 142 30 Target 1
2-Chloronaphthalene 162 5 Target 1
2-Chlorophenol 128 5 Target 1
4-Chlorophenyl phenyl ether 204 5 Target 2
Chrysene 228 10 Target 3
Dibenz(a,h)anthracene 278 10 Target 3
1,2-Dichlorobenzene 146 5 Target 1
1,3-Dichlorobenzene 146 5 Target 1
1,4-Dichlorobenzene 146 5 Target 1
2,4-Dichlorophenol 162 5 Target 1
Diethyl phthalate 149 5 Target 2
2,4-Dimethylphenol 122 5 Target 1
Dimethyl phthalate 163 5 Target 1
Di-n-butyl phthalate 149 5 Target 2
2,4-Dinitrophenol 184 20 Target 2
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Table 3.--Quantitation information for base/neutral-acid compounds--Continued

Minimum
reporting
Quantitation limit Compound Intenal standard
Compound name ion (ug/l) type reference
2,4-Dinitrotoluene 165 5 Target 2
2,6-Dinitrotoluene 165 5 Target 2
Di-n-octyl phthalate 149 10 Target 3
bis(2-Ethylhexyl)phthalate 149 5 Target 3
Fluoranthene 202 5 Target 2
Fluorene 166 5 Target 2
Hexachlorobenzene 284 5 Target 2
Hexachlorobutadiene 225 5 Target 1
Hexachlorocyclo-pentadiene 237 5 Target 1
Hexachloroethane 201 5 Target 1
Indeno(1,2,3-cd)pyrene 276 10 Target 3
Isophorone 82 5 Target 1
2-Methyl-4,6-dinitrophenol 198 30 Target 2
Naphthalene 128 5 Target 1
Nitrobenzene 77 5 Target 1
2-Nitrophenol 139 5 Target 1
4-Nitrophenol 139 30 Target 2
N-Nitrosodimethylamine 74 5 Target 1
N-Nitrosodiphenylamine? 169 5 Target 2
N-Nitrosodi-n-propylamine 130 5 Target 1
Pentachlorophenol 266 30 Target 2
Phenanthrene 178 5 Target 2
Phenol 94 S Target 1
Pyrene 202 5 Target 3
1,2,4-Trichlorobenzene 180 5 Target 1
2,4,6-Trichlorophenol 196 20 Target 1

1Perdeuterophenol reacts with atmospheric water, or water in the sample to yield phenol, ds.
2N-1‘~Iitr0sodiphenylamine degrades on the GC column, and is detected as diphenylamine.

10.5 If curve-fitting software is not available, the response factor RF¢ for
each target compound and surrogate standard is calculated as follows:

CiXAC
RFg = ——
Cc x Aj

where Cj = concentration of the internal standard, in micrograms per liter;

A¢ = gas chromatograph peak area of the quantitation ion for the target
compound or surrogate standard;

37



Cc = concentration of the target compound or surrogate standard,
in micrograms per liter; and

Aj = gas chromatograph peak area of the quantitation ion for the internal
standard.

The respective quantitation ions and internal standard reference used in these
calculations are listed in table 3.

10.6 The average of the response factors calculated for each standard
concentration needs to be used in subsequent target compound quantitation. Use
of the average response factor is acceptable if the relative standard deviation over
the calibration range is less than or equal to 35 percent.

10.7 After the initial calibration, at least one daily verification standard
solution needs to be analyzed to ensure that the instrument is operating within the
guidelines described in paragraphs 10.4 and 10.6.

11. Sample analysis and data evaluation

The GC/MS conditions for the determination of target compounds in
sample extracts are the same as those used in the analysis of the standard
solutions. Daily, prior to the analysis of any samples, the DFTPP mass spectral
performance criteria need to be met, and the target compound calibration data
need to be evaluated. In addition, the system needs to be tuned so that the
reporting level for each compound can be achieved.

11.1 Inject 1 to 3 pL of the sample extract (paragraph 8.10.6) and acquire
data.

11.2  Qualitative identification
11.2.1 Calculate the expected retention time as follows:
RT = RRT¢ x RTj

where RT = expected retention time of the target compound or
surrogate standard,

RRT¢ = relative retention time of the target compound
or surrogate standard (paragraph 10.2), and
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RTi = uncorrected retention time of the quantitation ion
of the internal standard for the compound in question.

In general, the retention time of the GC peak for the quantitation ion of the
compound in question needs to be within +0.1 minute of that for the calibration
standard. However, matrix effects can have a significant effect on GC retention
times, and retention time reproducibility can be highly compound dependent.

11.2.2 Mass spectra for each target compound are verified by comparing
the mass spectrum corresponding to the apex of the extracted ion profile of the
quantitation ion with a reference spectrum obtained from a standard analyzed on
the GC/MS system (see sections 9 and 10). It is difficult to define explicitly
which features of a sample mass spectrum relative to that of a standard mass
spectrum must be present to consider the identification to be positive. Experience
and training are necessary for the analyst to recognize the relevant features of
individual mass spectra as well as potential interferences. In general, the sample
spectrum should have the same base peak, major fragmentation ions, significant
isotope clusters, and molecular ion (where appropriate), as the standard
spectrum. It is often beneficial to graphically plot extracted ion profiles of
significant ions (or suspected interference ions) to determine whether they
maximize at the expected retention time with intensities consistent with the
reference mass spectrum. Computerized fit criteria or match factors might be
valuable interpretation aids, but they are to be used only as a guide. A standard
solution of the compound tentatively identified by the library search needs to be
prepared and analyzed and the spectrum obtained. The retention time should be
carefully compared with the spectra of the suspect compound.

11.3 Quantitation

If a compound has passed the qualitative identification criteria, calculate the
concentration in the sample using the relevant software and calibration curve
described in paragraph 10.3. If response factors were used for calibration
(paragraph 10.5), then calculate the concentration as follows:

Cix Ac x Vx 1,000

C=
RF: x AixW

where C = concentration of the compound in the sample, in micrograms per
liter;
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Ci = concentration of the corresponding internal standard, in
micrograms per liter;

Ac = area of the quantitation ion for the compound identified;
V = extract volume, in milliliters;

RF¢ = response factor (paragraph 10.5) for each target compound
and surrogate standard,;

Aj = area of the quantitation ion for the internal standard; and
W = weight of the sample extracted, in milliliters
(1.0g =1.0mL).

11.4 Percentage recovery of the surrogate standards is calculated as
follows:

CixAcxV
R = x 100
RF: x Ajx Cs x Vg
where R = percentage of recovery of the surrogate standard;
Ci = concentration of the corresponding internal standard, in

micrograms per liter;
Ac = area of the quantitative ion for the compound identified;
V = extract volume, in milliliters;
RF¢ = response factor (paragraph 10.5) for the surrogate standard;

Ai = area of the quantitation ion for the internal standard;

Cs = concentration of the surrogate standard in the spiking solution
added to the sample, in micrograms per liter; and

Vs = volume of the surrogate spiking solution added to the sample, in
milliliters. '
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12. Report

Report concentrations of base/neutral and acid extractable compounds as
follows: if less than the reporting limit in table 3, report as "less than"; if greater
than the reporting limit, two significant figures.

13. Precision and recovery

Precision and recovery data for target compounds from laboratory distilled
water are presented in table 4:

Table 4.--Precision and recovery data for target compounds

[conc., concentration; pug/L, microgram per liter; No., number]

Relative
Spike Mean Standard standard Mean
conc., No. of recovery deviation  deviation recovery
Compound name (ug/L) replicates (ug/L) (ug/L) (percent) _ (percent)
Acenaphthene 50 8 442 292 6.61 88.4
10 9 8.74 .57 6.52 87.4
25 9 1.70 11 6.47 68.0
Acenaphthylene 50 8 54 3.38 6.26 108
10 9 10.8 .76 7.04 108
25 9 2.56 15 5.86 102
Anthracene 50 8 53 2.39 4.51 106
10 9 11.1 .65 5.86 111
2.5 9 2.16 12 5.56 86.4
Benzo(a)anthracene 50 8 59.5 251 422 119
10 9 11.7 .76 6.50 117
2.5 9 2.64 .19 7.20 106
Benzo(b)fluoranthene 50 8 57.8 2.85 4.93 116
10 9 6.02 .66 11.0 60.2
2.5 9 1.11 .07 6.31 444
Benzo(k)fluoranthene 50 8 59.0 4.74 8.04 118
10 9 593 40 6.74 59.3
2.5 9 1.02 .20 19.6 40.8
Benzo(g,h,i)perylene 50 8 543 4.77 8.78 109
10 9 544 .78 143 54.4
Benzo(a)pyrene 50 8 55.6 432 7.77 111
10 9 5.25 .67 12.8 52.5
2.5 9 .65 13 200 26.0
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Table 4.--Precision and recovery data for target compounds --Continued

Relative
Spike Mean Standard standard Mean
conc. No. of recovery deviation  deviation  recovery
Compound name (ug/l) replicates (ug/L) (ug/L) (percent) (percent)
4-Bromophenyl phenyl ether 50 8 51.6 2.36 4.57 103
10 9 8.28 44 5.31 82.8
2.5 9 1.83 .08 4.37 732
Butyl benzyl phthalate 50 8 58.6 464 7.92 117
10 9 14.6 1.51 10.3 146
25 9 2.80 .36 129 112
bis(2-Chloroethoxy) methane 50 8 56.0 2.50 4.46 112
10 9 11.8 .66 5.59 118
2.5 9 249 11 442 99.6
bis(2-Chloroethyl) ether 50 8 51.0 1.90 3.73 102
10 9 11.2 .13 6.52 112
2.5 9 247 .08 3.24 98.8
bis(2-Chloroisopropyl) ether 50 8 492 1.46 297 98.4
10 9 10.1 .61 6.04 101
2.5 9 224 .39 174 89.6
4-Chloro-3-methylphenol 50 8 575 2.68 4.66 115
10 9 11.5 .16 6.61 115
2.5 9 2.12 13 6.13 84.8
2-Chloronaphthalene 50 8 48.1 294 6.11 96.2
10 9 9.58 .53 553 95.8
2.5 9 241 .08 3.32 96.4
2-Chlorophenol 50 8 49.5 1.73 3.49 99.0
10 9 10.3 .65 6.31 103
25 9 222 .06 2.70 88.8
4-Chlorophenyl phenyl ether 50 8 45.1 244 541 90.2
10 9 7.79 A7 6.03 779
2.5 9 1.71 .60 35.1 68.4
Chrysene 50 8 58.0 1.92 3.31 116
10 9 11.0 .62 5.64 110
25 9 2.33 .14 6.01 93.2
Dibenz(a,h)anthracene 50 8 58.0 4.88 8.41 116
10 9 5.39 .81 15.0 539
1,2-Dichlorobenzene 50 8 31.6 2.02 6.39 63.2
10 9 7.13 .50 7.01 71.3
25 9 1.64 .05 3.05 65.6
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Table 4.--Precision and recovery data for target compounds --Continued

43

Relative
Spike Mean Standard standard Mean
conc. No. of recovery deviation  deviation recovery
Compound name (ug/l) replicates (ug/L) (ug/l) (percent) (percent)
1,3-Dichlorobenzene 50 8 26.1 2.08 7.97 52.2
10 9 5.74 42 7.32 57.4
25 9 1.38 .05 362 55.2
1,4-Dichlorobenzene 50 8 28.2 2.14 7.59 56.4
10 9 6.16 .40 6.49 61.6
2.5 9 1.47 .06 4.08 58.8
2,4-Dichlorophenol 50 8 55.0 1.86 3.38 110
10 9 10.1 .57 5.64 101
2.5 9 2.08 .10 4.82 83.8
Diethyl phthalate 50 8 55.0 2.58 4.69 110
10 9 9.36 .59 6.30 93.6
2.5 9 1.95 15 7.69 78.0
2,4-Dimethylphenol 50 8 419 1.60 3.80 83.9
10 9 8.68 .85 9.79 86.8
2.5 9 1.41 15 10.6 56.4
Dimethyl phthalate 50 8 47.6 1.97 4.14 95.2
10 9 6.88 92 134 68.8
2.5 9 2.08 31 14.9 83.2
Di-n-butyl phthalate 50 8 494 6.36 12.9 98.8
10 9 16.5 1.10 6.67 165
2.5 9 3.4 21 6.91 122
2,4-Dinitrophenol 50 8 47.0 12.5 26.6 94.0
2,4-Dinitrotoluene 50 8 61.1 2.54 4.16 122
10 9 10.5 77 7.33 105
2.5 9 1.14 15 13.2 45.6
2,6-Dinitrotoluene 50 8 59.0 4.73 8.02 118
10 9 9.49 .86 9.06 949
2.5 9 .98 .10 9.90 39.3
Di-n-octyl phthalate 50 8 57.5 5.27 9.17 115
10 9 7.97 74 9.28 79.7
2.5 9 47 .06 12.8 18.8
Fluorene 50 8 50.0 2.70 5.40 100
10 9 9.38 .56 5.97 93.8
2.5 9 1.86 .08 4.30 74.4
Hexachlorobenzene 50 8 54.0 2.52 4.67 108
. 10 9 9.25 .59 6.38 925
25 9 1.77 .19 10.7 70.8



Table 4.--Precision and recovery data for target compounds--Continued

Relative
Spike Mean Standard standard Mean
conc. No. of recovery deviation  deviation recovery
Compound name ue/l) replicates (ug/h) (ug/L) (percent) (percent)
Hexachlorobutadiene 50 8 104 1.78 17.1 20.8
10 9 1.58 25 15.8 15.8
2.5 9 .89 .09 10.1 356
Hexachlorocyclo-pentadiene 50 8 7.06 1.41 20.0 14.1
10 9 .61 11 18.0 6.1
25 9 .26 .04 15.4 104
Hexachloroethane 50 8 15.8 2.08 13.2 316
10 9 2.70 .28 104 27.0
25 9 .18 .07 8.97 312
Indeno(1,2,3-cd)pyrene 50 8 60.8 7.98 13.1 122
10 8 5.68 .90 15.8 56.8
Isophorone 50 8 60.0 3.50 5.83 120
10 9 11.3 72 6.37 113
2.5 9 2.16 13 6.02 86.4
2-Methyl-4,6-dinitrophenol 50 8 64.0 9.81 15.3 128
Naphthalene 50 8 45.6 226 4.96 91.2
10 9 10.1 .56 5.54 101
2.5 9 229 .08 3.49 91.6
Nitrobenzene 50 8 59.0 3.4 5.83 118
10 9 9.95 .69 6.93 99.5
2.5 9 141 .08 5.67 56.4
2-Nitrophenol 50 8 56.5 2.15 3.81 113
10 9 8.74 .74 8.47 874
2.5 9 1.33 15 11.3 532
4-Nitrophenol 50 8 36.7 2.55 6.95 73.4
10 9 3.36 .63 18.8 336
N-Nitrosodimethylamine 50 8 394 427 10.8 78.8
10 9 7.95 8.50 107 79.5
2.5 9 1.57 .09 5.73 62.8
N-Nitrosodiphenylamine 50 8 615 3.07 4.99 123
10 9 12.0 .61 5.08 120
2.5 9 241 12 4.98 96.4
N-Nitrosodi-n-propylamine 50 8 53.0 2.62 4.94 106
10 9 104 .70 6.73 104
2.5 9 1.80 .14 7.78 72.0
Pentachlorophenol 50 8 81.0 15.0 18.5 162
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Table 4.--Precision and recovery data for target compounds --Continued

Relative
Spike Mean Standard standard Mean
conc. No. of recovery deviation  deviation recovery
Compound name (ug/l.) replicates (ug/l) (ug/l) (percent) (percent)
Phenanthrene 50 8 53.5 2.54 4.75 107
10 9 10.9 .57 523 109
2.5 9 2.31 A1 4.76 92.4
Phenol 50 8 28.7 .81 2.82 574
10 9 7.51 .49 6.52 75.1
2.5 9 1.63 .07 429 65.2
Pyrene 50 8 28.1 3.53 12.6 56.2
10 9 17.3 1.80 104 173
2.5 9 3.08 .20 6.49 123
1.2.4-Trichlorobenzene 50 8 34.6 2.22 6.42 69.2
10 9 6.72 .36 5.36 67.2
25 9 1.69 .04 237 67.6
2,4,6-Trichlorophenol 50 8 57.0 3.22 5.65 114
10 9 9.77 .75 7.68 97.7
2.5 9 2.36 .18 7.63 94.4
Surrogates
1,4-Dibromobenzene 50 38 329 7.11 21.6 65.8
4 4'-Dibromobiphenyl 50 38 379 10.6 28.0 75.8
2,4-Dibromophenol 50 38 428 6.90 16.1 85.6
2,2'-Difluorobiphenyl 50 38 38.9 8.57 22.0 77.8
2,4,6-Tribromophenol 50 38 32.6 9.78 30.0 65.2
Phenol-ds 50 38 24.6 5.80 23.6 492
Reference

American Society for Testing and Materials, 1991, Annual book of ASTM
Standards, Section 11, Water: Philadelphia, v. 11.01, p. 45-47.
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Boron, atomic emission spectrometry, dc plasma

Parameters and Codes:
Boron, dissolved, 1-1114-86 (ug/L as B): 01020
Boron, whole water recoverable, 1-3114-86 (ug/L. as B): 01022
Boron, suspended recoverable, 1-7114-86 (ug/L as B): 01021
Boron, recoverable from bottom material, 1-5114-86 (ug/g as B): 01023

1. Application

1.1  This method is used to analyze samples of finished water, natural
water, industrial water, and water-suspended sediment containing from 10 to
10,000 pg/L of boron. Sample solutions containing more than 10,000 pg/L
boron or with specific conductances greater than 10,000 uS/cm must be diluted.
This modified method was implemented in the National Water Quality
Laboratory in January 1986.

1.2 Suspended recoverable boron is calculated by subtracting dissolved
boron from whole water recoverable boron.

1.3  This method is used to analyze bottom material containing at least
10 pg/g of boron.

1.4  Recoverable boron in water-suspended sediment needs to undergo a
preliminary digestion solubilization by method 1-3485, and recoverable boron in
bottom material needs to undergo preliminary digestion solubilization by method
I-548S5 before being determined.

2. Summary of method

Boron is determined by direct-reading emission spectrometer that uses a dc
argon plasma as an excitation source (Johnson and others, 1979a, 1979b). A
solution of lithium chloride, sulfuric acid, and glycerin is added to samples and
standards to provide a common background matrix and to compensate for
viscosity changes. The liquid solution then is converted by a ceramic nebulizer
into a fine aerosol and introduced into the plasma by way of a plastic spray
chamber and Pyrex injection tube. Boron is determined on the average of two
replicate exposures using a 10-second integrated intensity. A standard solution
and a blank are used to calibrate the instrument.
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3. Interferences

Stray-light effects in a high-resolution, single-element dc argon plasma
atomic emission spectrometer are found to be negligible.

4. Apparatus
4.1  Spectrometer, Spectrometrics, DCP IV or Beckman, Spectrospan
DCP IV or VI with dc argon plasma or equivalent, with Echelle optics, printer,

autosampler, and peristaltic pump.

4.2  Refer to manufacturer's manual to optimize instrument for the
following:

Plasma viewing position....... 0

GaS ...oovvriireere e Argon

Sleeve pressure.................... 50 1b/in2

Nebulizer pressure............... 25 1b/in2

Entrance slit............ccuuveeeee. 25x300 pm

Exit slit......oooovvmiiiiiieiinnnnn 50x300 pm

Voltage......ccooevvneeneen. eeeenes 1,000 V
Wavelength...........ccc.......co. 249.773 nm

Signal amplification............. 40-60 percent full-scale (1,000 pg/L)

5. Reagents

5.1 Water: All references to water shall be understood to mean ASTM
Type I reagent water (American Society for Testing and Materials, 1991).

5.2 Boron standard solution I, 1 mL = 100 ug B: Dissolve 0.5720 g
ultrapure H,BO,, dried over desiccant for 24 h, in water, and dilute to 1,000 mL.

Store in plastic bottle.

5.3 Boron working solution, 1.00 mL = 10.0 pg B: Dilute 100 mL
boron standard solution I to 1,000 mL with water. Store in plastic bottle.

5.4  Glycerin, USP.
5.5  Lithium chloride, LiCl, reagent-grade.

5.6  Matrix modifier: Dissolve 367 g LiCl in 1,000 mL water. Transfer
to a Teflon beaker and slowly add with stirring 10.0 mL concentrated H,SO,.
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Heat the solution to 75 to 80°C on a padded hotplate and slowly add 25 mL
methyl alcohol. The addition of methyl alcohol removes any boron
contamination in the reagents. Stir rapidly for 1 h to volatilize excess methyl
alcohol and any trimethyl borate that forms. Repeat the addition of methyl
alcohol and heat two more times. Allow the solution to cool, transfer to a 4-L
polyethylene container, and while stirring add 2,000 mL glycerin. In a Teflon
beaker slowly add with stirring 400 mL concentrated H,SO, to 400 mL water.
With stirring and cooling, add 50 mL methyl alcohol. The heat generated should
be sufficient to volatilize excess methyl alcohol and any trimethyl borate. When
the dilute acid has reached room temperature, add the acid slowly, with stirring,
to the glycerin-LiCl solution. Dilute to 4,000 mL with water.

5.7  Methyl alcohol, reagent-grade.

5.8  Sulfuric acid, concentrated (sp gr 1.84), Ultrex or equivalent.
6. Procedure

6.1  Pipet 10.0 mL sample into a disposable plastic test tube.

6.2  Pipet 10.0 mL blank and working solution into plastic test tubes.

6.3  Add 2.0 mL matrix modifier to the sample, blank, and working
solution.

6.4  Place plastic caps on the test tubes and mix well.

6.5 Refer to manufacturer's manual for computer-operating and
wavelength-optimization procedures. Use the prepared blank and boron working
solution for instrument calibration and all subsequent recalibrations.

6.6  Refer to manufacturer's manual for autosampler-operating
procedures. Pour samples in autosampler tray, positioning a blank and working
solution after every eight samples for the DCP VI and after every three samples
for the DCP IV for recalibration. Begin analysis (NOTE 1).

NOTE 1. Because of thermal instability inherent with the high-resolution

spectrometer, repeak the analytical line if the boron standard drifts more than 4
percent.
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7. Calculations

7.1  The computer system is designed so that the blank and the 10,000
ng/L of boron working solution are used to establish a two-point calibration
curve. The system will convert instrument intensity readings to analytical
concentrations. The printer display includes the blank and working-solution
instrument intensity readings, sample concentrations, sample instrument intensity
readings, average of sample concentrations, and standard deviation.

7.2  Obtain the micrograms per liter of dissolved or whole water
recoverable boron in each sample from the printer.

7.3  To determine micrograms per liter of suspended recoverable boron,
subtract dissolved boron concentrations from whole water recoverable boron
concentrations.

7.4  To determine micrograms per gram of boron in samples of bottom
material, first determine the micrograms per liter of boron in each sample as in

paragraph 7.1; then
mL of original digest
B (i) - LLB X100
wt of sample, in g

8. Report

8.1  Report concentrations of boron, dissolved (01020), whole water
recoverable (01022), and suspended recoverable (01021), as follows: less than
100 pg/L, nearest 10 pg/L; 100 pg/L and greater, two significant figures.

8.2  Report boron concentrations, recoverable from bottom material
(01023), as follows: less than 1,000 pg/g, nearest 10 pg/g; 1,000 pg/g and
greater, two significant figures.

9. Precision
9.1  Precision for dissolved boron, on the basis of 12 determinations by

a single operator expressed in terms of standard deviation and percentage
relative standard deviation, is as follows:
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Mean Standard deviation Relative standard

(ng/L) (ung/L) deviation (percent)
30.8 1.8 5.8
40.8 1.8 4.4

215 5.0 2.3

425 1.3 3

9.2 Precision for whole water recoverable boron, on the basis of 10
determinations by a single operator expressed in terms of standard deviation and
percentage relative standard deviation is as follows:

Mean Standard deviation Relative standard
(ng/L) (ng/L) deviation (percent)
315 4.7 1.5
1,860 53 2.8
4,609 56 1.2
8,872 106 1.2

9.3 Itis estimated that the percentage relative standard deviation for
recoverable boron in bottom material will be greater than reported for dissolved
boron.
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