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Standard Test Methods for
Analyses of Metals in Refuse-Derived Fuel by Atomic
P 1
Absorption Spectroscopy
This standard is issued under the fixed designation E 885; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope Silver, Direct Aspiration 49
. . . Silver, Furnace Technique 50
1.; These test methods cover the determination of metals in Sodium, Direct Aspiration o
solution by atomic absorption spectroscopy (AAS). Tin, Direct Aspiration 52
1.2 The following sections outline the operating parameters 1'? Fuma;? TetC/:miqu‘i_ ;31
. . . Itanium, Direct Aspiration
for the individual metals: Titanium, Furnace Technique 55
Sections Vanadium, Direct Aspiration 56
Aluminum, Direct Aspiration 12 Vanadium, Furnace Technique 57
Aluminum, Furnace Technique 13 Zinc, Direct Aspiration 58
Antimony, Direct Aspiration 14 Zinc, Furnace Technique 59
Antimony, Furnace Technique 15 . - L .
Arsenic, Furnace Technique 16 1.3 Detection limits, sensitivity, and optimum ranges of the
Arsenic, Gaseous Hydride Method 17 test methods will vary with the various makes and models of
parum. Eﬁﬁc"ﬁgjﬁmue ig atomic absorption spectrophotometers. The data shown in
Beryllium, Direct Aspiration 20 Table 1 provide some indication of the actual concentration
Beryllium, Furnace Technique 21 ranges measurable by direct aspiration and using furnace
Cadmium, Direct Aspiration 22 techniques. In the majority of instances, the concentration
Cadmium, Furnace Technique 23 3 - A I
Calcium, Direct Aspiration 24 range shown in the table by direct aspiration may be extended
Chromium, Direct Aspiration 25 much lower with scale expansion and conversely extended
Shromium. Purmiace Technique 2 upwards by using a less sensitive wavelength or by rotating the
Chromium, Hexavalent, Chelation-Extraction 28 burner head. Detection limits by direct aspiration may also be
Cobalt, Direct Aspiration 29 extended through concentration of the sample or through
Cobalt, Furnace Technique 30 I t t ti g techni both. L P trati 9
Copper, Direct Aspiration ot o) venI ex l;ac (;on ec ngques, or ho f. ower cohnqen ra |onhs
Copper, Furnace Technique 32 may also be determined using the furnace techniques. The
:ron, Eirect Asgira:t)_n gi concentration ranges given in Table 1 are somewhat dependent
ron, Furnace lechnique H
Lead, Direct Aspiration 35 on equipment such as the type of spectrophotometer and
Lead, Furnace Technique 36 furnace accessory, the energy source, and the degree of
k/ilthium,_Direg_Aspiftiqn _ g; electrical expansion of the output signal.
agnesium, irect splratlon H H
Manganese. Direct Aspiration 39 1.4 When using the fur_nace tech'nlques, the analyst should
Manganese, Furnace Technique 40 be cautioned as to possible chemical reactions occurring at
Mercury, Cold Vapor Technique 41 elevated temperatures that may result in either suppression or
Molybdenum, Direct Aspiration 42 enhancement of the analysis element. To ensure valid data with
Molybdenum, Furnace Technique 43 . Yy ' ; i
Nickel, Direct Aspiration 44 furnace techniques, the analyst must examine each matrix for
Nickel, Furnace Technique 45 interference effects (see 6.2) and if detected, treat accordingly
Potassium, Direct Aspiration 46 ing either successive dilution, matrix modification or method
Selenium, Furnace Technique 47 using 7 !
Selenium, Gaseous Hydride 48 of standard additions (see 10.5).

1.5 Where direct aspiration atomic absorption techniques do
not provide adequate sensitivity, in addition to the furnace

*These test methods are under the jurisdiction of ASTM Committee D34 onprocedure, reference is made to specialized procedures such as

Waste Management and are the direct responsibility of Subcommittee D34.03 %faseous hydride method for arsenic and selenium, the cold-

Treatment. . . .
Current edition approved March 25, 1988. Published May 1988. Originallyvapor teChmque for mercury and the chelation-extraction

published as E 885 — 82. Last previous edition E 885 — 82. procedure for selected metals.
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1.6 This standard does not purport to address all of themeasurements of a solution, the concentration of which is
safety concerns, if any, associated with its use. It is thalistinctly detectable above, but close to blank absorbance
responsibility of the user of this standard to establish appro-measurement.
priate safety and health practices and determine the applica- 3.1.1.2 The detection limit values listed in Table 1 and on
bility of regulatory limitations prior to useFor hazard state- individual metal methods are to be considered minimum

ment, see 8.4 and 17.2.3. working limits achievable with the procedures outlined in these

test methods.

2. Referenced Documents 3.1.2 optimum concentration rangea range defined by
2.1 ASTM Standards: limits expressed in concentration, below which scale expansion
D 1193 Specification for Reagent Water must be used and above which curve correction should be
D 3223 Test Method for Total Mercury in Water considered. The range will vary with the sensitivity of the
E 926 Test Methods of Preparing Refuse-Derived Fuelnstrument and the operating condition employed.

(RDF) Samples for Analyses of Metdls 3.1.3 sensitivity—the concentration in milligrams of metal

. litre th i f 1 %.
3. Terminology per litre that produces an absorption o ()
3.1 Definitions of Terms Specific to This Standard: 4. Summary of Test Methods
3.1.1 detection limit—detection limits can be expressed as

either an instrumental or method parameter. The limiting factor 4.1 In_ dwec; aspiration atomic a.bsorpt|on spectroscopy, a
sample is aspirated and atomized in a flame. The light beam

of the former using acid water standards would be the signal t?rom a hollow cathode lamp whose cathode is made of the

noise ratio and degree of scale expansion used; while the Iatt%\’ement to be determined is directed through the flame into a

would be more affected by the sample matrix and preparatiot )
procedure used monochromator, and into a detector that measures the amount
3.1.1.1 The Scientific Apparatus Makers AssomaﬂonOf light absprbed. Absorption depend_s upon the presence of
. N .~ free unexcited ground state atoms in the flame. Since the
(SAMA) has approved the following definition: The detection . . -
wavelength of the light beam is characteristic of only the metal

limit is that concentration of an element which would yield an,__. . X .
. L . b{,alng determined, the light energy absorbed by the flame is a
absorbance equal to twice the standard deviation of a series Q . : .
measure of the concentration of that metal in the sample. This
principle is the basis of atomic absorption spectroscopy.
2 Annual Book of ASTM Standardgol 11.01. 4.2 Pretreatment of a solid sample is necessary for complete
3 Annual Book of ASTM Standardénl 11.04. dissolution of the metals and complete breakdown of organic

TABLE 1 Atomic Absorption Concentrations A

Direct Aspiration Furnace Technique®©
Metal Detection Limit, Sensitivity, Optimum Concentration Detection Limit, Optimum Concentration

mg/L mg/L Range, mg/L ug/L Range, pg/L
Aluminum 0.1 1 5 to 50 3 20 to 200
Antimony 0.2 0.5 1 to 40 3 20 to 300
Arsenic? 0.002 0.002 to 0.02 1 5 to 100
Barium (P) 0.1 0.4 1to 20 2 10 to 200
Beryllium 0.005 0.025 0.05to 2 0.2 1to 30
Cadmium 0.005 0.025 0.05 to 2 0.1 0.5to 10
Calcium 0.01 0.08 02to7
Chromium 0.05 0.25 0.5to 10 1 5 to 100
Cobalt 0.05 0.2 05t05 1 5 to 100
Copper 0.02 0.1 0.2t05 1 5to 100
Iron 0.03 0.12 0.3to5 1 5 to 100
Lead 0.1 0.5 1to 20 1 5 to 100
Lithium 0.035
Magnesium 0.001 0.007 0.02 to 0.5
Manganese 0.01 0.05 0.1to 3 0.2 1to 30
Mercury® 0.0002 0.0002 to 0.01
Molybdenum (P) 0.1 0.4 1to 40 1 3 to 60
Nickel (P) 0.04 0.15 03to5 1 5 to 100
Potassium 0.01 0.04 0.1to02
Selenium? 0.002 0.002 to 0.02 2 5 to 100
Silver 0.01 0.06 0.1to4 0.2 1to 25
Sodium 0.002 0.015 0.03to 1
Tin 0.8 4 10 to 300 5 20 to 300
Titanium (P) 0.4 2 5 to 100 10 50 to 500
Vanadium (P) 0.2 0.8 2 to 100 4 10 to 200
Zinc 0.005 0.02 0.05to 1 0.05 0.2to 4

A The concentrations shown are not contrived values and should be obtainable with any satisfactory atomic absorption spectrophotometer.

B For furnace sensitivity values consult instrument operating manual.

€ The listed furnace values are those expected when using a 20y L injection and normal gas flow except in the case of arsenic and selenium where gas interrupt is used.
The symbol (p) indicates the use of pyrolytic graphite with the furnace procedure.

P Gaseous hydride method.

E Cold vapor technique.
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material prior to analysis (see Methods E 926). This procesaddition, to both standard and sample solutions, of a large
may vary because of the metals to be determined and the natuggcess of an easily ionized element.
of the sample being analyzed. 6.1.5 Although quite rare, spectral interference can occur
4.3 When using the furnace technique in conjunction withwhen an absorbing wavelength of an element present in the
an atomic absorption spectrophotometer, a representative aBample but not being determined falls within the width of the
quot of the sample is placed in the graphite tube in the furnacebsorption line of the element of interest. The results of the
evaporated to dryness, charred, and atomized. As a greatdetermination will then be erroneously high, due to the
percentage of available atoms are vaporized and dissociated foontribution of the interfering element to the atomic absorption
absorption in the tube than the flame, the use of small sampksignal. Also, interference can occur when resonant energy from
volumes or detection of low concentrations of elements isanother element in a multi-element lamp or a metal impurity in
possible. The principle is essentially the same as with direahe lamp cathode falls within the bandpass of the slit setting
aspiration atomic absorption except a furnace, rather than and that metal is present in the sample. This type of interfer-
flame, is used to atomize the sample. Radiation from a giveence may sometimes be reduced by narrowing the slit width.
excited element is passed through the vapor containing ground 6.2 Flameless Atomization
state atoms of that element. The intensity of the transmitted 6.2.1 Although the problem of oxide formation is greatly
radiation decreases in proportion to the amount of the groungeduced with furnace procedures because atomization occurs in
state element in the vapor. The metal atoms to be measured aig inert atmosphere, the technique is still subject to chemical
placed in the beam of radiation by increasing the temperaturgnd matrix interferences. The composition of the sample
of the furnace, thereby causing the injected specimen to bmatrix can have a major effect on the analysis. It is those effects
volatilized. A monochromator isolates the characteristic radiathat must be determined and taken into consideration in the
tion from the hollow cathode lamp, and a photosensitive devicanalysis of each different matrix encountered. To help verify

measures the attenuated transmittal radiation. the absence of matrix or chemical interference, use the follow-
ing procedure. Withdraw from the sample two equal aliquots.
5. Significance and Use To one of the aliquots, add a known amount of analyte and

5.1 Metals in solution may be readily determined by atomicdilute both aliquots to the same predetermined volume. (The
absorption spectroscopy (AAS). The method is simple, rapiddilution volume should be based on the analysis of the
and app”cab'e to a |arge number of metals in solution. SondJnd”Uted Sample. Preferably, the dilution should be 1:4 while

type samples may be analyzed after proper treatment. keeping in mind the optimum concentration range of the
analysis. Under no circumstances should the dilution be less
6. Interferences than 1:1). The diluted aliquots should then be analyzed and the

unspiked results multiplied by the dilution factor should be

. . _compared to the original determination. Agreement of the
6.1.1 The most troublesome type of interference in atomi

b . h : I d “chemi I,(fesults (within= 10 %) indicates the absence of interference.
absorption spectrophotometry is usually termed “chemica Comparison of the actual signal from the spike to the expected

andl islcausedb_by _Iack th abfforptionhpf ar:oms bound 'r}esponse from the analyte in an aqueous standard should help
molecular combination to the flame. This phenomenon cal,qgrm the finding from the dilution analysis. Those samples

occur when the flame is not sufficiently hot to dissociate they,,¢ jngicate the presence of interference should be treated in
molecule, as in the case of phosphate interference wit ne or more of the following ways

magnesium, or because the dissociated atom is immediate Y6.2.1.1 Th ; ;
o : ) . 2.1, e samples should be successively diluted and
oxidized to a compound that will not dissociate further at the P y

o .“reanalyzed to determine if the interference can be eliminated.
temperature of the flame. The addition of lanthanum will 6.2.1.2 The matrix of the sample should be modified in the
overcome the phosphate interference in the magnesium, ca}b o b

cium, and barium determinations. Similarly, silica interference - 2cc Examples are the addition of ammonium nitrate to
' : Y: remove alkali chlorides, ammonium phosphate to retain cad-

in th? determin_ation of manganese can be eliminated by thﬁﬂum and nickel nitrate for arsenic and selenium anaksié
adglilozn SLC?riicmzni.nt Hferen m Iso be eliminated bThe mixing of hydrogen with the inert purge gas has also been

L. Lhemica erierences may aiso be eliminated by .. ¢, suppress chemical interference. The hydrogen acts as a
separating the metal from the interfering material. Whllereducing agent and aids in molecular dissociation

compl_e>_<ing agents are primarily employed to increa_se_ the 6.2.1.3 Analyze the sample by method of standard additions
sensitivity of the analysis, they may also be used to eliminate """~ . . S )

. while noting the precautions and limitations of its use (see
or reduce interferences.

6.1.3 Highly dissolved solids in the sample being aspiratec;‘o's)'

may result in an interference from nonatomic absorbance such 6.2.2 Gases generated n the furnace during gtomlzanon
may have molecular absorption bands encompassing the ana-

as light scattering. If background correction is not available, a .. : )
nonabsorbing wavelength should be checked. Preferably, hi&}wIcal wavelength. When this occurs, either the use of back-

. . round correction or choosing an alternate wavelength outside
solid content solutions should be extracted (see 6.1.1 and 11.2). 9 9
6.1.4 lonization interferences occur where the flame tem-

perature is sufficiently high to generate the removal of an
ele_ctron from. a neutral atom, giving a positive Charged I0N. 4 The poldface numbers in parentheses refer to the list of references at the end of
This type of interference can generally be controlled by thehese test methods.

6.1 Direct Aspiration
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the absorption band should eliminate this interference. Back- 7.4 Graphite Furnace-Any furnace device capable of

ground correction can also compensate for nonspecific broagaching the specified temperatures is satisfactory.

band absorption interference. 7.5 Strip Chart RecorderA recorder is strongly recom-
6.2.3 Interference from a smoke-producing sample matrixnended for furnace work so that there will be a permanent

can sometimes be reduced by extending the charring time atracord, and any problems with the analysis such as drift,

higher temperature or using an ashing cycle in the presence gfcomplete atomization, losses during charring, changes in

air. Care must be taken, however, to prevent loss of the analys&ensitivity, etc., can be easily recognized.

element. 7.6 Pipets—Microliter with disposable tips. Sizes can range
6.2.4 Samples containing large amounts of organic materifrom 5 to 100 pL as required.

als should be oxidized by conventional acid digestion prior to 7.7 Pressure-reducing ValvesThe supplies of fuel and

being placed in the furnace. In this way, broad-band absorptioaxidant shall be maintained at pressures somewhat higher than

will be minimized. the controlled operating pressure of the instrument by suitable
6.2.5 From anion-interference studies in the graphite furvalves.

nace it is generally accepted that nitrate is the preferred anion. 7.8 Separatory Flasks-250 mL, or larger, for extraction

Therefore, nitric acid is preferable for any digestion or solubi-with organic solvents.

lization step. If another acid in addition to HN@ required, a 7.9 Glassware—All glassware, linear polyethylene,

minimum amount should be used. This applies particularly tdPolypropylene or Teflon containers, including sampling bottles,

hydrochloric and to a lesser extent to sulfuric and phosphorighould be washed and rinsed in the following order: washed

acids. with detergent; rinsed with tap water, 1:1 nitric acid, tap water,
6.2.6 Carbide formation resulting from the chemical envi-1:1 hydrochloride acid, tap water, and deionized distilled water.

ronment of the furnace has been observed with certain ele- 7-10 Borosilicate Glass Distillation Apparatus

ments that form carbides at high temperatures. Molybdenu

. ) Reagents and Materials
may be cited as an example. When this takes place, the metal : ,
will be released very slowly from the carbide as atomization 8.1 Purity of Reagents-Reagent grade chemicals shall be

continues. For molybdenum, one may be required to atomizdsed in all tests. Unless otherwise indicated, it is intended that
for 30 s or more before the signal returns to baseline levelll reagents shall conform to the specifications of the Commit-

This problem is greatly reduced, and the sensitivity increasetf€ On Analytical Reagents of the American Chemical Society,
with the use of pyrolytically-coated graphite. where such specifications are availab®@ther grades may be

6.2.7 lonization interferences have to date not been reportelésed! prowd_ed It is first asc_er’_[alned th_at the reagent s of
with furnace techniques. sufficiently high purity to permit its use without lessening the

6.2.8 For comments on spectral interference see 6.1.5. accuracy .Of the determination. L
S ; 8.2 Purity of Water—Unless otherwise indicated, references
6.2.9 Contamination of the sample can be a major source %

error because of the extreme sensitivities achieved with th water shall be understood to mean reagent water as defined

furnace. The sample-preparation work area should be kept, Type Il of Specification D 1193.
: ple-prep PY's.3 Deionized Distilled Water-Prepare by passing distilled
scrupulously clean. All glassware should be cleaned as di-

rected. Pipet tips have been known to be a source of contam\f\—’ater through a mixed bed of cation and anion exchange

nation. If suspected, they should be acid soaked with 1:5 HNoresms. Use deionized distilled water for the preparation of all

. ) Co reagents, calibration standards, and as dilution water.
and rinsed thoroughly with tap and deionized water. The use 0F8.4 Nitric Acid (concentrated)—If metal impurities are

a better grade pipet tip can greatly reduce this problem. It i?ound to be present, distill reagent grade nitric acid in a

very |mportant. that special atter!tlon be given to reagent blar]kaorosilicate glass distillation apparatus, or use a spectrograde
in both analysis and the correction of analytical results. Lastly cid

pyrolytic graphite, because of the production process an
handling, can become contaminated. As many as five to Note 1—Precaution: Perform distillation in hood with protective sash
possibly ten high temperature burns may be required to cleafi place.

the tube before use. 8.4.1 Nitric Acid (1:1)—Prepare a 1:1 dilution with deion-
ized, distilled water by adding the concentrated acid to an equal
7. Apparatus volume of water.

7.1 Atomic Absorption SpectrophotometeSingle or dual 8.5 Hydrochloric Acid (1:1)—Prepare a 1:1 solution of
channel, single- or double-beam instrument having a gratin§é@gent grade hydrochloric acid and deionized distilled water.
monochromator, photomultiplier detector, adjustable slits, df metal impurities are found to be present, distill this mixture
wavelength range from 190 to 800 nm, and provisions foffom a borosilicate glass distillation apparatus or use a spec-
interfacing with a strip-chart recorder. trograde acid.

7.2 Burner—The burner recommended by the particular
instrument manufacturer should be used. For certain elementss reagent Chemicals, American Chemical Society Specificatiomerican
the nitrous oxide burner is required. Chemical Society, Washington, DC. For suggestions on the testing of reagents not

; _ listed by the American Chemical Society, s@ealar Standards for Laboratory

73 ':OHOW Catho?? Il_amp&?mgle element Iamps ?re to Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
be prg erred but multi-element amps may be used: E eCtmded'nd National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockuville,
less discharge lamps may also be used when available. MD.
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8.6 Stock Standard Metal SolutiorsPrepare as directed in toward the highest standard, aspirate the solutions and record
10.1 and under the individual metal procedures. Commerciallghe readings. Repeat the operation with both the calibration
available stock standard solutions may be used. standards and the samples a sufficient number of times to

8.7 Calibration Standards-Prepare a series of standards of secure a reliable average reading for each solution. Calibration
the metal by dilution of the appropriate stock metal solution tostandards for furnace procedures should be prepared as de-
cover the concentration range desired. scribed on the individual sheets for that metal.

8.8 Fuel and Oxidant-Commercial grade acetylene is gen-  10.3 Where the sample matrix is so complex that viscosity,
erally acceptable. Air may be supplied from a compressed aiurface tension, and components cannot be accurately matched
line, a laboratory compressor, or from a cylinder of compressediith standards, the method of standard addition must be used.
air. Reagent grade nitrous oxide is also required for certairThis technique relies on the addition of small, known amounts
determinations. Standard, commercially available argon andf the analysis element to portions of the sample, the absor-
nitrogen are required for furnace work. bance difference between those, and the original solution

8.9 Special Reagents for the Extraction Procedure giving the slope of the calibration curve. The method of

8.9.1 Pyrrolidine Dithiocarbamic Acid (PDCA)y—Prepare standard addition is described in greater detail in 10.5.
by adding 18 mL of analytical reagent grade pyrrolidine to 500 10.4 For those instruments that do not read out directly in
mL of chloroform in a litre flask. Cool and add 15 mL of concentration, a calibration curve is prepared to cover the
carbon disulfide in small portions and with swirling. Dilute to appropriate concentration range. Usually, this means the prepa-
1 L with chloroform. The solution can be used for severalration of standards that produce an absorption of 0 to 80 %.

months if stored in a brown bottle in a refrigerator. The correct method is to convert the percent absorption
8.9.2 Ammonium Hydroxide 2N—Dilute 3 mL concen-  readings to absorbance and plot that value against concentra-
trated NH,OH to 100 mL with deionized distilled water. tion. The following relationship is used to convert absorption

8.9.3 Bromphenol Blue Indicatofl g/L)—Dissolve 0.1 g values to absorbance:
bromphenol blue in 100 mL of 500 % ethanol or isopropanol.

8.9.4 HOL (2.5 % viv)—Dilute 2 mL redistilled He to 40 absorbance: log (100/% T) = 2 — log(% T) @)
mL with deionized distilled water. where:

. ) % T = 100 - % absorption

9. Sample Handling and Preservation

9.1 See Test Methods E 926 for sample handling andhs the curves are frequently nonlinear, especially at high
preservation procedures. absorption values, the number of standards should be increased
10. Preparation of Standards and Calibration n ;ga; %?;E: dogftgetailér;/fd Additions

10.1 Stock Standard Solutionsare prepared from high 10951 |n this test method, equal volumes of sample are
purity metals, oxides, or nonhygroscopic reagent grade saltgjjed to a deionized distilled water blank and to three
using deionized distilled water and redistilled nitric or hydro- ¢t5ndqards containing different known amounts of the test
chloric acids. (See individual analysis sheets for specifiGiement. The volume of the blank and the standards must be the
instruction.) Sulfuric or phosphoric acids should be avoided agame The absorbance of each solution is determined and then
they produce an adverse effect on many elements. The Stogfited on the vertical axis of a graph, with the concentrations
solutions are prepared at concentrations of 1000 mg of thg the known standards plotted on the horizontal axis. When
metal per litre. Commercially available standard solutions mayp, o resulting line is extrapolated back to zero absorbance, the
also be used. . point of interception of the abscissa is the concentration of the

10.2 Calibration Standardsare prepared by diluting the '\ ninown. The abscissa on the left of the ordinate is scaled the

and at least four calibration standards in graduated amounts j 40.5.2 The method of standard additions can be very useful.

e appropriate range. Trmlraton standarishould be ken o consideaton
brep using yp : inat 1% 10.5.2.1 The absorbance plot of sample and standards must

and at the same concentration as will result in the sampleg : )
. : L X . e linear over the concentration range of concern. For best
following processing. Beginning with the blank and working
results the slope of the plot should be nearly the same as the
slope of the aqueous standard curve. If the slope is significantly
6The name pyrrolidine dithiocarbamic acid (PDCA), although commonly different (more than 20 %) caution should be exercised.
referenced in the scientific literature is ambiguous. From the chemical reaction of 10.5.2.2 The effect of the interference should not vary as the
pyrrolidine and carbon disulfide a more proper name would be 1-pyrrolidine,,+; ; ;
carbodithioic acid, PCDA (CAS Registry No. 25769-03-3). ratio of analyte concentration to sam'ple matrix changes, and
the standard addition should respond in a similar manner as the

7 An acceptable grade of pyrrolidine may be obtained from the Aldrich Chemical
Co., 940 West St. Paul Ave., Milwaukee, WI 53233. analyte.
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10.5.2.3 The determination must be free of spectral inter-g
ference and corrected for nonspecific background interferencec

mL of deionized distilled water used for dilution, and
mL of sample aliquot.
11.1.2 For solid samples: report all concentrations as mg/kg

11. General Procedure for Analysis by Atomic dry weight.
Absorption 11.1.2.1 Dry sample:
11.1 Direct Aspiration—Differences between the various AXV
makes and models of satisfactory atomic absorption spectro- mg metal/kg samples —5— (3)

photometers prevent the formulation of detailed instructions

applicable to every instrument. The analyst should follow thewhere:

manufacturer’s operating instructions for his particular instru-A = mg/L of metal in processed sample from calibration
ment. In general, after choosing the proper hollow cathode curve, )

lamp for the analysis, allow the lamp to warm up for a Y final volume of the processed sample in mL, and
minimum of 15 min unless operated in a double beam mode! weight of dry sample in grams.

During this period, align the instrument, position the mono- 11.1.2.2 Wet sample:

chromator at the correct wavelength, select the proper mono- AXV

chromator slit width, and adjust the hollow cathode current mg metal/kg sample: (yp “)
according to the manufacturer's recommendation. SUbseWhere'

qugntly, “g.ht the flame and regulgte the flow of fuel_and = mg/L of metal in processed sample from calibration
oxidant, adjust the burner and nebulizer flow rate for maximum curve

percent absorption and stability, and balance the photometeg./ = final volume of the processed sample in mL
Run a series of standards of the element under analysis ang, - weight of wet sample in grams, and '

construct a calibration curve by plotting the concentrations ofp = percent solids.

the standards against the absorbance. For those instruments 1 » Special Extraction ProcedureWhen the concentra-
which read directly in concentration set the curve corrector tQjon of the metal is not sufficiently high to determine directly,
read out the proper concentration. Aspirate the samples angt \when considerable dissolved solids are present in the
determine the concentrations either directly or from the Ca"'sample, certain metals may be chelated and extracted with
bration curve. Standards must be run each time a sample @gganic solvents. Ammonium pyrrolidine dithiocarbamate
series of samples are run. o _ (APDCF in methyl isobutyl ketone (MIBK) is widely used for
11.1.1 Calculation for Direct Determination of Liquid this purpose and is particularly useful for zinc, cadmium, iron,
Samples-Read the metal value in mg/L from the calibration manganese, copper, silver, lead and chrorifuririvalent
curve or directly from the readout system of the instrument. chromjum does not react with APDC unless it has first been
11.1.1.1 If dilution of sample was required: converted to the hexavalent forr2). This procedure is

. C+B
mg/L metal in sample= Al < 2)
where: 8The name ammonium pyrrolidine dithiocarbamate (APDC) is somewhat

- ; ; ; i ; ambiguous and should more properly be called ammonium, 1-pyrollidine car-
A = mg/L of metal in diluted aliquot from calibration curve, 52> (APCD), CAS Registry No. 5108.06.3.
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described under method for chromium (chelation extraction). 11.2.1.10 Place the beaker on a low temperature hotplate or
Aluminum, beryllium, barium and strontium also do not reactsteam bath and evaporate just to dryness.

with APDC. While the APDC-MIBK chelating-solvent system  11.2.1.11 Add 2 mL of nitric acid (1:1) to the beaker and
can be used satisfactorily, it is possible to experience difficulheat for 1 min. Cool, quantitatively transfer the solution to a
ties. 10-mL volumetric flask and bring to volume with distilled
water. The sample is now ready for analysis.

Note 2—Certain metal chelates, manganese-APDC in particular, are 11.2.2 Prepare a calibration curve b lottina absorbance
not stable in MIBK and will redissolve into the aqueous phase on e p yp 9

standing. The extraction of other metals is sensitive to both shaking rat¥€rsus the concentration of the metal standard (ug/L) in the
and time. As with cadmium, prolonged extraction beyond 1 min, will 200-mL extracted standard solution. To calculate sample con-
reduce the extraction efficiency, whereas 3 min of vigorous shaking i<entration read the metal value in pg/L from the calibration
required for chromium. Also, when multiple metals are to be determinecturve or directly from the readout system of the instrument. If

either larger sample volumes must be extracted or individual extractiongijution of the sample was required use the following equation:
made for each metal being determined. The acid form of APDC- B
+

pyrrolidine dithiocarbamic acid prepared directly in chloroform as de- - c )

scribed by Lakanen has been found to be most advantagadpus this mg/L metal in sample= Z( C ®)
procedure the more dense chloroform layer allows for easy combination of

multiple extractions which are carried out over a broader pH range Where: o ) o

favorable to multielement extraction. Pyrrolidine dithiocarbamic acid in Z = Hg/L of metal in diluted aliquot from calibration curve,
chloroform is very stable and may be stored in a brown bottle in the B = mL of deionized distilled water used for dilution, and
refrigerator for months. Because chloroform is used as the solvent, it mayC = mL of sample aliquot.

not be aspirated into the flame. The procedure described in 11.2.1 is 11.3 Furnace Procedure-Furnace devices (flameless at-

suggested. omization) are a most useful means of extending detection
11.2.1 Extraction Procedure with Pyrrolidine Dithiocar- limits. Because of differences between various makes and
bamic Acid (PDCA) in Chloroform models of satisfactory instruments, no detailed operating in-

11.2.1.1 Transfer 200 mL of sample into a 250-mL separaStructions can be given for each instrument. Instead, the analyst
tory funnel, add 2 drops bromphenol blue indicator solutionshould follow the instructions provided by the manufacturer of
(8.9.3) and mix. his particular instrument and use as a guide the temperature

11.2.1.2 Prepare a blank and sufficient standards in the san$éttings and other instrument conditions listed on the individual

manner and adjust the volume of each to approximately 20812lysis shgeets which are recommended for the Perkin-Elmer
mL with deionized distilled water. All of the metals to be HGA-2100" In addition, the following points may be helpful.
determined may be combined into single solutions at the 11.3.1 With flameless atomization, background correction

appropriate concentration levels. becomes of high importance especially below 350 nm. This is
11.2.1.3 Adjust the pH by addition of 2N NIBH solution because certain samples, when atomized, may absorb or scatter

(8.9.2) until a blue color persists. Add HCI (8.9.4) dropwise 9Nt from the hollow cathode lamp. It can be caused by the
until the blue color just disappears; then add 2.0 mL HcPresence of gaseous molecular species, salt particles, or smoke
(8.9.4) in excess. The pH at this point should be 2.3. (The pl-'|n the S‘%mp'e beam. If no correction Is made, sample absor-
adjustment may be made with a pH meter instead of usingﬁmce will be greater_than it should be, and the analytical result
indicator.) ill be erronequsly hlgh. . . N
11.2.1.4 Add 5 mL of PDCA-chloroform reagent (8.9.1) and 11.3.2 If during atomization all the analyte is not volatilized

shake vigorously for 2 min. Allow the phases to separate ansmd r_e_moyed from the furnace, memory efiects will occur. Th'.s
drain the chloroform layer into a 100-mL beaker. condition is dependent on several factors such as the volatility

of the element and its chemical form, whether pyrolytic

Note 3—If hexavalent chromium is to be extracted, the aqueous phasgraphite is used, the rate of atomization and furnace design. If
must be readjusted back to a pH of 2.3 after the addition of PDCA-+hjs situation is detected through blank burns, the tube should
chloroform and maintained at that pH throughout the extraction. Folya cleaned by operating the furnace at full power for the
multlel_ement extraction, the pH may be adjusted upward after thﬁ’equired time period as needed at regular intervals in the
chromium has been extracted. .

. analytical scheme.

11.2.1.5 Add a second portion of 5 mL PDCA-chloroform  11.3.3 Some of the smaller size furnace devices, or newer
reagent (8.7.1) and shake vigorously for 2 min. Allow thefurnaces equipped with feedback temperature control employ-
phases to separate and combine the chloroform phase with thiay faster rates of atomization, can be operated using lower
obtained in 11.2.1.4. atomization temperatures for shorter time periods than those

11.2.1.6 Determine the pH of the aqueous phase and adjuli$ted in this manuat®
to 4.5.

11.2.1.7 Repeat 11.2.1.4 again combining the solvent ex-
tracts. i . ° The Perkin-EImer HGA-2100 available from Perkin-Elmer Corp., Instruments

11.2.1.8 Readjust the pH to 5.5, and extract a fourth timepjyision, Main Ave.. Norwalk, CT 06858 has been found suitable.
Combine all extracts and evaporate to dryness on a steam bath.*°Instrumentation Laboratories Model 555 available from Instrumentation

o aboratory, Inc., Analytical Instrumentation Division, Jonspin Road, Wilmington,

11.2.1.9 Hold the pe"?‘ker a.t a 45. angle’.and slowly add A 01887; Perkin-Elmer Models HGA2200 and HGA7613; and Varian Model
mL of concentrated distilled nItI’IC. aC'Fja rotatlng'the beaker toCRA-QO available from Varian Associates, Inc., 611 Hansen Way, Palo Alto, CA
effect thorough contact of the acid with the residue. 94303 have been found suitable.
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11.3.4 Although prior digestion of the sample in many cases < z )v
. . o : . 1000
is not required providing a representative aliquot of sample can mg metallkg sample- ~ o2 ©)

be pipeted into the furnace, it will provide for a more uniform

matrix and possibly lessen matrix effects. where:
11.3.5 Inject a measured microlitre aliquot of sample into 7 — Hg/L of metal in processed sample from calibration

the furnace and atomize. If the concentration found is greater curve (see 11.3.8.1),

than the highest standard, the sample should be diluted in th§ = final volume of processed sample in millilitres,

same acid matrix and reanalyzed. The use of multiple injec-\w = weight of wet sample in grams, and

tions can improve accuracy and help detect furnace pipetting® = percent solids.

errors.
11.3.6 To verify the absence of interference, follow thel2. Aluminum—Direct Aspiration
procedure as given in part 6.2.1. 12.1 Requirements

11.3.7 A check standard should be run approximately after 12.1.1 Optimum Concentration Rang& to 50 mg/L using a
every 10 sample injections. Standards are run in part to monitagavelength of 309.3 nm (see Note 4 and Note 5).
the life and performance of the graphite tube. Lack of repro- 12.1.2 Sensitivity 1 mg/L.
ducibility or significant change in the signal for the standard 12.1.3 Detection Limif 0.1 mg/L.
indicates that the tube should be replaced. Even though tube N .
life depends on sample matrix and atomization temperature, a yore, 4—1he following lines may also be used:
p . - p . P '’ ~308.2 nm Relative Sensitivity 1
conservative estimate would be that a tube will last at least 50 396 5 nm Relative Sensitivity 2
firings. A pyrolytic-coating would extend that estimate by a 394.4 nm Relative Sensitivity 2.5
factor of 3. Note 5—For concentrations of aluminum below 0.3 mg/L, the furnace
11.3.8 Calculation—For determination of metal concentra- Procedure is recommended.
tion by the furnace: Read the metal value in pg/L from the 12.2 Preparation of Standard Solution
calibration curve or directly from the readout system of the 12.2.1 Stock Solutior-Carefully weigh 1.000 g of alumi-
instrument. num metal (analytical reagent grade). Add 15 mL of concen-
11.3.8.1 If different size furnace injection volumes are usedrated HCI to the metal, cover the beaker, and warm gently.
for samples rather than for standards, calculate as follows: When solution is complete, transfer quantitatively to a 1
L-volumetric flask and make up to volume with deionized

Hg/L of metal in sample= Z(S) (6)  distilled water. 1 mL =1 mg Al (1000 mg/L).
12.2.2 Potassium Chloride SolutierDissolve 95 g potas-

where: sium chloride (KCI) in deionized distilled water and make up
Z = pg/L of metal read from calibration curve or readout g 1 L.

system, o ) ) 12.2.3 Prepare dilutions of the stock solution to be used as
S = uL volume standard injected into furnace for calibra- cajipration standards at the time of analysis. Hadibration

tion curve, and . _ standardsshould be prepared using the same type of acid and
U = pL volume of sample injected for analysis. at the same concentration as that of the sample being analyzed

~ 11.3.8.2 If dilution of sample was required but sampleeijther directly or after processing. To each 100 mL of standard
|nJeCt|On volume was the same as for the f0||OWIng Standard:and Samp'e alike add 2.0 mL potassium chloride solution.

) C+B 12.3 General Instrumental Parameters
Mg/L of metal in sample= Z( C > ) 12.3.1 Aluminum Hollow Cathode Lamp
12.3.2 Wavelength-309.3 nm.
Where: o . - 12.3.3 Fuel—Acetylene.
Mg/L metal in diluted aliquot from calibration curve, 12.3.4 Oxidant—Nitrous oxide.

mL of deionized distilled water used for dilution, and
mL of sample aliquot.
11.3.9 For solid samples, report all concentrations as mg/kgu
dry weight.
11.3.9.1Dry sample

12.3.5 Type of flame-Fuel rich.

12.4 Analysis Procedure-For analysis procedure and cal-
lation, see “Direct Aspiration,” 11.1.

12.5 Interferences-Aluminum is partially ionized in the
nitrous oxide-acetylene flame. This problem may be controlled
by the addition of an alkali metal (potassium, 1000 pg/mL) to

O TN
i n

z both sample and standard solutions.
1_000)\’
mg metal/kg sample- ~— ®) 13, Aluminum—Furnace Technique
where: 13.1 Requirements
Z = ug/L of metal in processed sample from calibration 13-1.1 Optimum Concentration Rang@0-200 pg/L (see
curve (see 11.3.8.1), Note 6). o
V = final volume of processed sample in millilitres, and 13.1.2 Detection Limit 3 pg/L.
D = weight of dry sample in grams. Note 6—The above concentration values and instrument conditions are
11.3.10 Wet sample for a Perkin-Elmer HGA-2100, based on the use of a 20-yL injection,
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continuous flow purge gas and nonpyrolytic graphite. 14.5 Interferences

14.5.1 In the presence of lead (1000 mg/L), a spectral
interference may occur at the 217.6-nm resonance line. In this
case the 231.1-nm antimony line should be used.

13.2.2 Prepare dilutions of the stock solution to be used as 14-5-2 Increasing acid concentrations decrease antimony

calibration standards at the time of analysis. Also use thes@PSorption. To avoid this effect, the acid concentration in the
solutions for “standard additions.” samples and in the standards should be matched.

13.2.3 Dilute the calibration standard to contain 0.5 % (v/v)

13.2 Preparation of Standard Solution
13.2.1 Stock Solutior-Prepare as described under “direct
aspiration method.”

HNO,. 15. Antimony—Furnace Technique
13.3 General Instrument Parameters 15.1 Requirements
13.3.1 Drying Time and Temperature30 s at 125°C. 15.1.1 Optimum Concentration Rang®0-300 pg/L (see
13.3.2 Ashing Time and Temperature30 s at 1300°C. Note 12).

13.3.3 Atomizing Time and TemperaturelO s at 2700°C. 15.1.2 Detection Limit 3 pg/L.

13.3.4 Purge Gas AtmosphereArgon. Note 12—The concentration values and instrument conditions are for a

13.3.5 Wavelength—309.3 nm. __Perkin-Elmer HGA-2100, based on the use of a 20-pL injection, continu-

13.3.6 Other operating parameters should be set as specifig@s flow purge gas and non-pyrolytic graphite. Smaller sized furnace
by the particular instrument manufacturer (see Note 7 and Notedevices or those employing faster rates of atomization can be operated
8). using lower atomization temperatures for shorter time periods than the

recommended settings.
Note 7—Background correction may be required if the sample con- . .
tains high dissolved solids. 15.2 Preparation of Standard Solution

Note 8—It has been reported that chloride ion and that nitrogen used as 19-2.1 Stock Solutior-Prepare as described under “direct
a purge gas suppress the aluminum signal. Therefore, the use of hali@spiration method.”
acids and nitrogen as a purge gas should be avoided. 15.2.2 Prepare dilutions of the stock solution to be used as
d calibration standards at the time of analysis. Also use these
ns&lutions for “standard additions.”

15.2.3 Dilute the calibration standard to contain 0.2 % (v/v)
HNOs.

Note 9—For every sample matrix analyzed, verification is necessary to 15.3 General Instrument Parameters
determine that the method of standard additions is not required (see 6.2.1). 15 3 1 Drying Time and Temperature30 s at 125°C.

Note 10—_If the m_ethc_Jd of standard additions is required, follow the 153 2 Ashing Time and Temperature30 s at 800°C.
procedure given earlier in 10.5. 15.3.3 Atomizing Time and Temperatu#€l0 s at 2700°C.

: N —— 15.3.4 Purge Gas AtmosphereArgon.

14. Antimony—Direct Aspiration 15.3.5 Wavelength-217.6 nm.

14.1 Requirements _ , 15.3.6 Other operating parameters should be set as specified
14.1.1 Optimum Concentration Rangeto 40 mg/L using @  py the particular instrument manufacturer (see Note 13 and

13.4 Analysis Procedure-For the analysis procedure an
the calculation, see “Furnace Procedure” 11.3 (see Note 9 a
Note 10).

wavelength of 217.6 nm (see Note 11). Note 14).
14.1.2 Sensitivity 0.5 mg/L.
14.1.3 Detection Limif 0.2 mg/L. Note 13—The use of background correction is recommended.

Note 14—Nitrogen may also be used as the purge gas.
Note 11—For concentrations of antimony below 0.35 mg/L, the

furnace procedure is recommended. 15.4 Analysis Procedure-For the analysis procedure and

) ] the calculation, see “Furnace Procedure” 11.3 (see Note 15,
14.2 Preparation of Standard Solution Note 16, and Note 17).

14.2.1 Stock Solution-Carefully weigh 2.7426 g of anti- ) _ _
mony potassium tartrate (analytical reagent grade) and dissolveNoTe 15—If chloride concentration presents a matrix problem or

in deionized distilled water. Dilute to 1 L with deionized S2USeS @ l0Ss previous to atomization, add an excess of 5 mg of
" ’ ammonium nitrate to the furnace and ash using a ramp accessory or with
distilled water. 1 mL =1 mg Sb (1000 mg/L).

- : incremental steps until the recommended ashing temperature is reached.
14.2.2 Prepare dilutions of the stock solution to be used as Nore 16—For every sample matrix analyzed, verification is necessary

calibration standards at the time of analysis. Tadibration  to determine that the method of standard additions is not required (see
standardsshould be prepared using the same type of acid and.2.1).
at the same concentration as that of the sample being analyzedNote 17—If the method of standard additions is required, follow the
either directly or after processing. procedure given in 10.5.

14.3 General Instrumental Parameters

14.3.1 Antimony Hollow Cathode Lamp 16. Arsenic—Furnace Technique

14.3.2 Wavelength-217.6 nm. 16.1 Requirements _

14.3.3 Fuel—Acetylene. 16.1.1 Optimum Concentration Rangé&-100 pg/L (see

14.3.4 Oxidant—Ar. Note 18). o

14.3.5 Type of Flame-Fuel Lean. 16.1.2 Detection Limif 1 pg/L.

14.4 Analysis Procedure-For analysis procedure and cal- Nore 18—The above concentration values and instrument conditions
culation, see “Direct Aspiration,” 11.1. are for a Perkin-ElImer HGA-2100, based on the use of a 20-JL injection,
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continuous flow purge gas and non-pyrolytic graphite. Smaller sizeor about 2 pg/L. The method is applicable to drinking water
furnace devices or those employing faster rates of atomization can bgnd most fresh and saline waters in the absence of high
operated using lower atomization temperatures for shorter time periOdéoncentrations of chromium, cobalt, copper, mercury, molyb-
than the above recommended settings. denum, nickel, and silver.

16.2 Preparation of Standard Solution 17.2 Summary of Test Method

16.2.1 Stock Solution-Dissolve 1.320 g of arsenic trioxide,  17.2.1 Arsenic in the sample is first reduced to the trivalent
As,O; (analytical reagent grade) in 100 mL of deionized form using SnCJ and converted to arsine, AgHusing zinc
distilled water containig 4 g NaOH. Acidify the solution with  metal. The gaseous hydride is swept into an argon-hydrogen
20 mL concentrated HNQand dilute to 1 L. 1 mL =1 mgAs flame of an atomic absorption spectrophotometer. The working
(1000 mg/L). range of the method is 2 to 20 ug/L. The 193.7 nm wavelength

16.2.2 Nickel Nitrate Solution5 %—Dissolve 24.780 g of s used.
ACS reagent grade Ni(N,-6H,0 in deionized distilled water ~ 17.2.2 Organic arsenic must be converted to inorganic
and make up to 100 mL. compounds.

16.2.3 Nickel Nitrate Solution1 %—Dilute 20 mL of the
5 % nickel nitrate to 100 mL with deionized distilled water.

16.2.4 Working Arsenic Solutiors-Prepare dilutions of the ) )
stock solution to be used as calibration standards at the time of 17-3 Except for the perchloric acid step, the procedure to be
analysis. Withdraw appropriate aliquots of the stock solutionused for t_hls _determlnatlon is found in Standard Methods for
add 1 mL of concentrated HNO2 mL of 30 % HO, and 2 mL the Examination of Water and Wastewa(d.
of the 5% nickel nitrate solution. Dilute to 100 mL with 18. Barium—Direct Aspiration
deionized distilled water.

16.3 Sample Preparation

16.3.1 Transfer 100 mL of well-mixed sample to a 250-mL
Griffin beaker. Add 2 mL of 30 % LO, and sufficient concen-
trated HNQ to result in an acid concentration of 1 % (v/v).
Heat fa 1 h at95°C or until the volume is slightly less than 50

Note 23—Precaution: Arsine is a toxic gas. Precautions should be
made to keep the system closed to the atmosphere.

18.1 Requirements

18.1.1 Optimum Concentration Rang&—20 mg/L using a
wavelength of 553.6 nm (see Note 24).

18.1.2 Sensitivity 0.4 mg/L.

18.1.3 Detection Limif 0.1 mg/L.

mL. Note 24—For concentrations of barium below 0.2 mg/L, the furnace
16.3.2 Cool and bring back to 50 mL with deionized procedure is recommended.
distilled water. 18.2 Preparation of Standard Solution

16.3.3 Pipet 5 mL of this digested solution into a 10 mL 18.2.1 Stock Solutior-Dissolve 1.7787 g barium chloride
volumetric flask, add 1 mL of the 1 % nickel nitrate solution (BaCL:2H,0, analytical reagent grade) in deionized distilled
and dilute to 10-mL with deionized distilled water. The samplewater and dilute to 1 L. 1 mL =1 mg Ba (1000 mg/L).
is now ready for injection into the furnace. 18.2.2 Potassium Chloride SolutierDissolve 95 g potas-

Note 19—If solubilization or digestion is not required, adjust the ?_ILII_m chioride, KCl, in deionized distilled water and make up to
HNO; concentration of the sample to 1 % (v/v) and add 2 mL of 30 % : o . .

H,0, and 2 mL of 5% nickel nitrate to each 100 mL of sample. The 18.2.3 Prepare dilutions of the Stoc_k barium 50|U_t|0n to be
volume of the calibration standard should be adjusted with deionizediSed as calibration standards at the time of analysis. To each

distilled water to match the volume change of the sample. 100 mL of standard and sample alike, add 2.0 mL potassium
16.4 General Instrument Parameters chloride solution. Thecalibration standardsshould be pre-
16.4.1 Drying Time and Temperature30 s at 125°C. pared using the same typ_e of acid and the same concentration
16.4.2 Ashing Time and Temperatu#30 s at 1100°C. as that _of the sample being analyzed either directly or after
16.4.3 Atomizing Time and TemperaturelO s at 2700°C.  Processing.
16.4.4 Purge Gas AtmosphereArgon. 18.3 Gene_ral Instrumental Parameters
16.4.5 Wavelength-193.7 nm. 18.3.1 Barium hollow cathode lamp
16.4.6 Other operating parameters should be set as specified!8-3.2 Wavelength-553.6 nm.
by the particular instrument manufacturer. 18.3.3 Fuel—Acetylene.
18.3.4 Oxidant—Nitrous oxide.
Note 20—The use of background correction is recommended. 18.3.5 Type of Flame-Fuel rich.
16.5 Analysis Procedure-For the analysis procedure and 18.4 Analysis of Procedure-For analysis procedure and
the calculation, see “Furnace Procedure” 11.3. calculation, see “Direct Aspiration,” 11.1.

18.5 Interferences

Note 21—For every sample matrix analyzed, verification is necessary 18.5.1 The use of nitrous oxide-acetylene flame virtually

to determine that the method of standard additions is not required (see

6.2.1). eliminates chemical interference. However, barium is easily
Note 22—If the method of standard additions is required, follow the ionized in this flame, and potassium must be added (1000
procedure given in 10.5. mg/L) to standards and samples alike to control this effect.
) ) 18.5.2 If the nitrous oxide flame is not available and
17. Arsenic Gaseous Hydride Method acetylene-air is used, phosphate, silicon and aluminum will

17.1 Scope and ApplicationThe gaseous hydride method severely depress the barium absorbance. This may be over-
determines inorganic arsenic when present in concentrations edme by the addition of 2000 mg/L lanthanum.

10
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19. Barium—Furnace Technique 20.3.1 Beryllium Hollow Cathode Lamp
19.1 Requirements 20.3.2 Wavelength-234.9 nm.
19.1.1 Optimum Concentration Rang#0 to 200 pg/L (see  20.3.3 Fuel—Acetylene.

Note 25). 20.3.4 Oxidant—Nitrous oxide.
19.1.2 Detection Limif 2 pg/L. 20.3.5 Type of Flame-Fuel-rich.

20.4 Analysis Procedure

Note 25—The above concentration values and instrument conditions 20.4.1 For analysis procedure and calculation, see “Direct
are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injeCtionAspiration " 11.3 '

continuous flow purge gas and pyrolytic graphite.
purge g pyrolytic grap 20.5 Interferences

19.2 Preparation of Standard Solution _ 20.5.1 Sodium and silicon at concentrations in excess of
19.2.1 Stock Solution-Prepare as described under “direct 1000 mg/L have been found to severely depress the beryllium
aspiration method.” absorbance.

19.2.2 Prepare dilutions of the stock solution to be used as 20.5.2 Bicarbonate ion is reported to interfere; however, its
calibration standards at the time of analysis. These solutiongffect is eliminated when samples are acidified to a pH of 1.5.

are also to be used for “standard additions.” 20.5.3 Aluminum at concentrations of 500 ug/L is reported
19.2.3 The calibration standard should be diluted to contaiflp depress the sensitivity of berylliugs).

0.5 % (v/v) HNO.

21. Beryllium—Furnace Technique
Note 26—The use of halide acid should be avoided.

21.1 Requirements

19.3 General Instrument Parameters 21.1.1 Optimum Concentration Rangé to 30 pg/L (see
19.3.1 Drying Time and Temperature30 s at 125°C. Note 32).

19.3.2 Ashing Time and Temperatue30 s at 1200°C. 21.1.2 Detection Limit 0.2 pg/L.

19.3.3 Atomizing Time and TemperaturelO s at 2800°C. _ _ .
19.3.4 Purge Gas AtmosphereArgon. Note 32—The above concentration values and instrument conditions

are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injection,
Note 27—Because of possible chemical interaction, nitrogen shouldcontinuous flow purge gas and non-pyrolytic graphite. Smaller sized
not be used as a purge gas. furnace devices or those employing faster rates of atomization can be
operated using lower atomization temperatures for shorter time periods

19.3.5 Wavelength-553.6 nm.

- _than the above recommended settings.
el Olher Operalng Paramelrshoui e st 55 SeCE 51 peparaton o Sindard Solton
y pal ST 21.2.1 Stock Solutior-Prepare as described under “direct
19.4 Analysis Procedure-For the analysis procedure and

; “ 4 aspiration method.”
the calculation, see "Furnace Procedure” 11.3. 21.2.2 Prepare dilutions of the stock solution to be used as

Note 28—For every sample matrix analyzed, verification is necessancalibration standards at the time of analysis. Also use these
to determine that the method of standard additions is not required (segp|utions for “standard additions.”

6.2.1). o _ 21.2.3 The calibration standard should be diluted to con-
Note 29—If the method of standard additions is required, follow the tain 0.5 % (v/v) HNQ.

procedure given in 10.5. 21.3 General Instrumental Parameters

20. Beryllium—Direct Aspiration 21.3.1 Drying Time and Temperatue30 s at 125°C.
21.3.2 Ashing Time and Temperature30 s at 1000°C.
21.3.3 Atomizing Time and TemperaterelO s at 2800°C.
21.3.4 Purge Gas AtmosphereArgon.
21.3.5 Wavelength-234.9 nm.
21.3.6 The operating parameters should be set as specified
by the particular instrument manufacturer.

20.1 Requirements

20.1.1 Optimum Concentration Rang@.05 to 2 mg/L using
a wavelength of 234.9 nm (see Note 30 and Note 31).

20.1.2 Sensitivity 0.025 mg/L.

20.1.3 Detection Limitf 0.005 mg/L.

Note 30—The “aluminon colorimetric method” may also be ugéjl
The minimum detectable concentration by this method is 5 pg/L.

Note 31—For concentrations of beryllium below 0.02 mg/L, the
furnace procedure is recommended.

20.2 Preparation of Standard Solution
20.2.1 Stock solutiop-Dissolve 11.6586 g beryllium sul-
fate, BeSQ, in deionized distilled water containing 2 mL  Note 35—For every sample matrix analyzed, verification is necessary
concentrated nitric acid and dilute to 1 L. 1 mL=1 mg Be gozdle)termlne that the method of standard additions is not required (see
(1000 mg/L). o . Note 36—If the method of standard additions is required, follow the
20.2.2 Prepare dilutions of the stock solution to be used ag;ocedure given in 10.5.
calibration standards at the time of analysis. Tadibration ) ) o
standardsshould be prepared using the same type of acid and2- Cadmium—Direct Aspiration
at the same concentration as that of the sample being analyzed22.1 Requirements
either directly or after processing. 22.1.1 Optimum Concentration Rang@.05 to 2 mg/L using
20.3 General Instrumental Parameters a wavelength of 228.8 nm (see Note 37).

Note 33—The use of background correction is recommended.

Note 34—Because of possible chemical interaction and reported lower
sensitivity, nitrogen should not be used as the purge gas.

21.4 Analysis Procedure-For the analysis procedure and
the calculation see “Furnace Procedure,” 11.3.

11
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22.1.2 Sensitivity 0.025 mg/L. Note 40—Contamination from the work area is critical in cadmium
22.1.3 Detection Limif 0.005 mg/L. analysis. Use of pipet tips which are free of cadmium is of particular
importance.

Note 37—For levels of cadmium below 20 pg/L, either the Special Note 41—For every sample matrix analyzed, verification is necessary
Extraction Procedure given in 11.2 or the furnace technique is recompp determine that the method of standard additions is not required (see
mended. 6.2.1).

22.2 Preparation of Standard Solution Note 42—If the method of standard additions is required, follow the

22.2.1 Stock Solutior-Carefully weigh 2.282 g of cad- Procedure givenin 10.5.
mium sulfate (3CdSE8H,O, analytical reagent grade) and 54 cadmium—Direct Aspiration

?AZ?E)IT/e in deionized distilled water. 1 mL =1 mg Cd (1000 24.1 Requirements

- ; 24.1.1 Optimum Concentration Rang®.2 to 7 mg/L using
22.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Tadibration a wavelength of 422.7 nm (see Note 43 and Note 44).

standardsshould be prepared using the same type of acid and Zjig ge?si'iiyityl?.os (r)ng/lL n
at the same concentration as that of the sample being analyzed2 -1.3 Detection Limif 0.01 mg/L.

either directly or after processing. NoTe 43—Phosphate, sulfate and aluminum interfere but are masked
22.3 General Instrumental Parameters by the addition of lanthanum. Since low calcium values result if the pH of
22.3.1 Cadmium Hollow Cathode Lamp the sample is above 7, both standards and samples are prepared in dilute
22.3.2 Wavelength-228.8 nm. hydrochloric acid solution. Concentrations of magnesium greater than

1000 mg/L also cause low calcium values. Concentrations of up to 500
22.3.3 Fuel—Acetylene. mg/L each of sodium, potassium and nitrate cause no interference.

22.3.4 Oxidant—Air. o Note 44—The 239.9 nm line may also be used. This line has a relative
22.3.5 Type of Flame-Oxidizing. sensitivity of 120.

22.4 Analysis Procedure-For analysis procedure and cal-

culation, see “Direct Aspiration,” 11.1. 24.2 Preparation of Standard Solution

24.2.1 Stock Solution-Suspend 1.250 g of CaGQanalyti-
cal reagent grade) dried at 180°Q fb h before weighing, in

23. Cadmium—Furnace Technique deionized distilled water, and dissolve cautiously with a

23.1 Requirements . minimum of dilute HCI. Dilute to 1000 mL with deionized
23.1.1 Optimum Concentration Rang8.5 to 10 ug/L (see jstilled water. 1 mL = 0.5 mg Ca (500 mg/L).

Note 38). _ o 24.2.2 Lanthanum Chloride SolutieaDissolve 29 g of
23.1.2 Detection Limif 0.1 pg/L. La,0s, slowly and in small portions, in 250 mL concentrated

Note 38—The above concentration values and instrument conditiond1Cl (Caution—Reaction is violent). Dilute to 500 mL with
are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injectiongleionized distilled water.
continuous flow purge gas and non-pyrolytic graphite. Smaller sized 24.2.3 Prepare dilutions of the stock calcium solutions to be
furnace devices or those employing faster rates of atomization can bgsed as calibration standards at the time of analysis. To each 10
operated using lower atomization temperatures for shorter time periods,| volume of calibration standard and sample alike, add 1.0
than the above recommended settings. mL of the lanthanum chloride solution, that is, 20 mL of

23.2 Preparation of Standard Solution standard or sample + 2 mL LaGk 22 mL.
23.2.1 Stock Solution: Prepare as described under “direct 24.3 General Instrumental Parameters
aspiration method.” 24.3.1 Cadmium Hollow Cathode Lamp

23.2.2 Ammonium Phosphate SolutiGf0 %)—Dissolve 40 24.3.2 Wavelength-422.7 nm.
g of ammonium phosphate, (N}J2HPQO, (analytical reagent 24.3.3 Fuel—Acetylene.
grade) in deionized distilled water and dilute to 100 mL. 24.3.4 Oxidant—Air.
23.2.3 Prepare dilutions of the stock cadmium solution to be 24.3.5 Type of Flame-Reducing.
used as calibration standards at the time of analysis. To each24.4 Analysis Procedure-For analysis procedure and cal-
100 mL of standard and sample alike add 2.0 mL of theculation, see “Direct Aspiration,” 11.1.
ammonium phosphate solution. The calibration standards
should be prepared to contain 0.5 % (v/v) HNO
23.3 General Instrument Parameters

Note 45—Anionic chemical interferences can be expected if lantha-
num is not used in samples and standards.
NoTe 46—The nitrous oxide-acetylene flame will provide two to five

23.3.1 Drying Time and Temperature30 s at 125°C. times greater sensitivity and freedom from chemical interferences. lon-
23.3.2 Ashing Time and Temperature30 s at 500°C. ization interferences should be controlled by adding a large amount of
23.3.3 Atomizing Time and TemperaturelO s at 1900°C.  alkali to the sample and standards. The analysis appears to be free from
23.3.4 Purge Gas AtmosphereArgon. chemical suppressions in the nitrous oxide-acetylene fi@he

23.3.5 Wavelength-228.8 nm.
23.3.6 Other operating parameters should be set as specifi

by the particular instrument manufacturer. 25.1 Requirements
25.1.1 Optimum Concentration Rangd®.5 to 10 mg/L

using a wavelength of 357.9 nm (see Note 47 and Note 48).
23.4 Analysis Procedure-For the analysis procedure and 25.1.2 Sensitivity—0.25 mg/L.
the calculation see “Furnace Procedure,” 11.3. 25.1.3 Detection Limit—0.05 mg/L.

@8 Chromium—Direct Aspiration

Note 39—The use of background correction is recommended.
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Note 47—The following wavelengths may also be used: above 200 mg/L where its suppressive effect becomes constant up to 1000
359.3 nm Relative Sensitivity 1.4, mgl/L.

425.4 nm Relative Sensitivity 2, 26.3 General Instrument Parameters

427.5 nm Relative Sensitivity 3, and 26.3.1 Drying Time and Temperature30 s at 125°C.

428.9 nm Relative Sensitivity 4. 26.3.2 Ashing Time and Temperatu#e30 s at 1000°C.

Note 48—For levels of chromium between 50 and 200u g/L, where the e . q °
air-acetylene flame cannot be used or for levels below 50 ug/L, either the 26.3.3 Atomizing Time and Temperat 0's at 2700°C.
26.3.4 Purge Gas AtmosphereArgon.

furnace procedure or the extraction procedure is recommended.
26.3.5 Wavelength-357.9 nm.

25.2 Preparation of Standard Solution , _ 26.3.6 Other operating parameters should be set as specified
25.2.1 Stock Solution:Dissolve 1.923 g of chromium tri- by the particular instrument manufacturer.

oxide (CrQ, reagent grade) in deionized distilled water. When _ _ _
solution is complete, acidify with redistilled HNGand dilute Note 53—Background correction may be required if the sample

to 1 L with deionized distilled water. 1 mL =1 mg Cr (1000 ontains high dissolved solids.
mg/L). Note 54—Nitrogen should not be used as a purge gas because of

possible CN band interference.

25.2.2 Prepare dilutions of the stock solution to be used as ) .
calibration standards at the time of analysis. Tadibration 26.4 Analysis Procedure-For the analysis procedure and
“Furnace Procedure” 11.3.

standardsshould be prepared using the same type of acid anH~Ie calculation, see
at the same concentration as that of the sample being analyzetNore 55—Pipet tips have been reported to be a possible source of

either directly or after processing. contamination.
25.3 General Instrumental Parameters Note 56—For every sample matrix analyzed, verification is necessary
25.3.1 Chromium Hollow Cathode Lamp to determine that the method of standard additions is not required (see
25.3.2 Wavelength-357.9 nm. 6.2.1).

Note 57—If the method of standard additions is required, follow the
25.3.3 Fuel—Acetylene. procedure given in 10.5.

Note 49—The fuel-rich air-acetylene flame provides greater sensitivity. . . -
but is subject to chemical and matrix interference from iron, nickel, and27' Chromium—Chelation-Extraction
other metals. If the analysis is performed in a lean flame the interference 27.1 Scope—This test method may be used to analyze
can be lessened but the sensitivity will also be reduced. samples containing from 1.0 to 25 pg of chromium per litre of

Note 50—The suppression of both Cr (lll) and Cr (VI) absorption by solution.
most interfering ions in fuel rich air-acetylene flames is reportedly 27 2 Summary of the Test Method
controlled by the addition of 1 % ammonium bifluoride in 0.2 % sodium 57 5 1 This test method is based on the chelation of hexava-
sulfate(8). A 1 % oxine solution is also reported to be useful. - . . . - .

lent chromium with ammonium pyrrolidine dithiocarbamate

25.3.4 Oxidant—Nitrous oxide. (APDC) following oxidation of trivalent chromium. The che-

25.3.5 Type of Flame-Fuel rich. late is extracted with methyl isobutyl ketone (MIBK) and

25.4 Analysis Procedure-For analysis procedure and cal- aspirated into the flame of the atomic absorption spectropho-
culation, see “Direct Aspiration,” 11.1. tometer.

27.2.2 Hexavalent chromium may also be chelated with

26. Chromium—Furnace Technique pyrrolidine dithiocarbamic acid in chloroform as described in

26.1 Requirements 11.2.

26.1.1 Optimum Concentration Rangé to 100 pg/L (see 27.3 Interferences-High concentrations of other reactive
Note 51). metals, as may be found in wastewaters, may interfere. The

26.1.2 Detection Limit 1 pg/L. method is free from interferences from elements normally

Norte 51—Th rat | dinst ¢ conditi ; occurring in fresh water.
OTE —I'he concentration values ana instrument conaitions are 1or a 27.4 General Instrumental Parameters

Perkin-Elmer HGA-2100, based on the use of 20 pL injection, continuous .
flow purge gas and non-pyrolytic graphite. 27.4.1 Chromium Hollow Cathode Lamp
27.4.2 Wavelength-357.9 nm.

26.2 Preparation of Standard Solution 27.4.3 Fue—Acetylene.
26.2.1 Stock Solution-Prepare as described under “direct 57 4 4 Oxidant—Air.
aspiration method.” 27.4.5 Type of Flame-Fuel rich (adjust for organic sol-

26.2.2 Calcium Nitrate Solution-Dissolve 11.8 g of cal- vent).
cium nitrate, Ca(N@,-4H,0 (analytical reagent grade) in 57 Reagents

deionized distilled water and dilute to 100 mL. 1 mL =20 mg@ 57 51 Ammonium Pyrrolidine DithiocarbamatéAPDC)

Ca. o . ) Solution—Dissolve 1.0 g APDC in dimineralized water and
26.2.3 Prepare dilutions of the stock chromium solution tog;jte to 100 mL. Prepare fresh daily.

be used as calibration standards at the time of analysis. The 57 5 > Bromphenol Blue Indicator SolutierDissolve 0.1 g
calibration standards should be prepared to contain 0.5 % (V/‘Bromphenol blue in 100 mL 50 % ethanol.

HNO;. To each 100 mL of standard and sample alike, add 1 mL 57 5 3 potassium Dichromate Standard Solutigii.0

of 30 % H,0, and 1 mL of the calcium nitrate solution. mL = 0.08 mg Cr)—Dissolve 0.2263 g dried analytical reagent
Note 52—Hydrogen peroxide is added to the acidified solution tograde KCr,O; in demineralized water, and make up to 1000
convert all chromium to the trivalent state. Calcium is added to a leveimL.
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27.5.4 Trivalent Chromium Stock Solutiqd.0 mL = 0.002 27.6.11 Add 10.0 mL MIBK and shake vigorously for 3
mg Cr3)—Pipet 5.00 mL of the potassium dichromate stan-min.
dard solution (5.3) into an Erlenmeyer flask. Add approxi- 27.6.12 Allow the layers to separate and add demineralized
mately 15 mg N&SO; and 0.5 mL concentrated HNOGently  water until the ketone layer is completely in the neck of the
evaporate to dryness; strong heating reoxidizes the chromiurflask.
Add 0.5 mL concentrated HNOQand again evaporate to  27.6.13 Aspirate the ketone layer, record the instrument
dryness to destroy any excess sulfite. Take up in 1 mlreading for each sample and standard against the blank. Repeat,
concentrated HNQwith warming and dilute to 200.00 mL and average the duplicate results.
with demineralized water. 27.7 Calculations

27.5.5 Trivalent Chromium Working Solution(1.0 27.7.1 Determine the pg/L Cr in each sample from a plot of
mL = 0.005 mg CF)—Immediately before use, dilute 25.0 the instrument readings of standards. A working curve must be
mL of trivalent chromium stock solution (27.5.4) to 100.0 mL prepared with each set of samples. Report Cr concentrations as

with demineralized water. follows:

27.5.6 Potassium Permanganat®.1 N)—Dissolve 0.32 g 27.7.1.1 Less than 10 pg/L, nearest pg/L, and
potassium permanganate in 100 mL demineralized water. 27.7.1.2 10 pg/L and above, two significant figures.

27.5.7 Sodium Azide(0.1 %)—Dissolve 100 mg sodium  27.7.2 Calculate the mg metal per kg of samples as outlined
azide in demineralized water and dilute to 100 mL. in 11.2.

27.5.8 Methyl Isobutyl Ketong MIBK).

27.5.9 Sodium Hydroxide Solutiofl M)—Dissolve 40 g 28. Chromium, Hexavalent—Chelation—-Extraction
NaOH in demineralized water and dilute to 1 L. 28.1 Scope

27.5.10 Sulfuric Acid(0.12 M)—Slowly add 6.5 mL con-  28.1.1 This test method may be used to analyze samples
centrated BSQO, (sp gr 1.84) to demineralized water and dilute containing from 1.0 to 25 ug of chromium per litre of solution.
toll. 28.2 Summary of Test Method

27.6 Procedure 28.2.1 This method is based on the chelation of hexavalent

27.6.1 Pipet a volume of sample containing less than 2.5 pghromium with ammonium pyrrolidine dithiocarbamate
chromium (100 mL maximum) into a 200 mL volumetric flask, (APDC) and extraction with methyl isobutyl ketone (MIBK).
and adjust the volume to approximately 100 mL. The pH mustrhe extract is aspirated into the flame of the atomic absorption
be 2.0 or less. Add concentrated Hi necessary. spectrophotometer.

27.6.2 Acidify a litre of demineralized water with 1.5 mL  28.2.2 Hexavalent chromium may also be chelated with
concentrated HNQ Prepare a blank and sufficient standardspyrrolidine dithiocarbamic acid in chloroform as described in
using trivalent chromium, and adjust volumes to approximatelyl1.2. A pH of 2.3 must be maintained throughout the extrac-

100 mL with the acidified demineralized water. tion.
27.6.3 Add 0.1 N KMnQ dropwise to both standards and 28.2.3 The diphenylcarbazide colorimetric procedure as
samples until a faint pink color persists. found in “Standard Methods for the Examination of Water and
27.6.4 Heat on a steam bath for 20 min. If the colorWastewater” may also be usé@).
disappears, add additional KMp®olution dropwise to main- 28.3 Sample Handling and Preservation
tain a slight excess. 28.3.1 Stability of hexavalent chromium is not completely

27.6.5 While still on the steam bath, add sodium azideunderstood at this time. Therefore, the chelation and extraction
solution dropwise until the KMn@color just disappears. Heat should be carried out as soon as possible.
for about 2 min between each addition and avoid adding any 28.3.2 To retard the chemical activity of hexavalent chro-
excess. Continue heating for 5 min after adding the last drop afhium, the sample should be transported and stored until time

sodium azide solution. of analysis at 4°C.
27.6.6 Transfer the flasks to a water bath and cool to room 28.4 Interferences
temperature. 28.4.1 High concentrations of other reactive metals, as may

27.6.7 Remove from the water bath and filter (throughbe found in wastewaters, may interfere. The method is free
Whatman No. 40 filter paper or equivalent) any sample that hasom interferences from elements normally occurring in fresh
a brownish precipitate or coloration which may interfere withwater.
the pH adjustment. 28.5 General Instrumental Parameters

27.6.8 Add 2.0 mL 61 M NaOH and 2 drops bromphenol ~ 28.5.1 Chromium hollow cathode lamp
blue indicator solution. Continue the additioh M NaOH 28.5.2 Wavelength-357.9 nm.
dropwise to all samples and standards in which the indicator 28.5.3 Fuel—Acetylene.
change from yellow to blue has not occurred. Add 0.12 M 28.5.4 Oxidant—Air.

H,SO, dropwise until the blue color just disappears, then add 28.5.5 Type of Flame:Fuel-rich (adjust for organic sol-

2.0 mL in excess. The pH at this point will be 2.4. vent).
27.6.9 The pH adjustment to 2.4 may also be made with a 28.6 Reagents
pH meter instead of using an indicator. 28.6.1 Ammonium Pyrrolidine Dithiocarbamate (APDC)
27.6.10 Add 5.0 mL APDC solution and mix. The pH Solution—Dissolve 1.0 g APDC in demineralized water and
should then be approximately 2.8. dilute to 100 mL. Prepare fresh daily.
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28.6.2 Bromphenol Blue Indicator SolutierDissolve 0.1 g 29.2.1 Stock Solutior-Dissolve 4.307 g of cobaltous chlo-
bromphenol blue in 100 mL 50 % ethanol. ride, CoCl-6H,0 (analytical reagent grade), in deionized

28.6.3 Chromium Standard Solution (1.0 mL =100 pg distilled water. Add 10 mL of concentrated nitric acid and
Cr)—Dissolve 0.2829 g pure, dried,&r,O, in demineralized dilute to 1 L with deionized distilled water. 1 mL =1 mg Co
water and dilute to 1000 mL. (1000 mg/L).

28.6.4 Chromium Standard Solution (1.0 mL =10.0 g 29.2.2 Prepare dilutions of the stock cobalt solution to be
Cr)—Dilute 100 mL chromium standard solution | to 1000 mL used as calibration standards at the time of analysis. The
with demineralized water. calibration standardsshould be prepared using the same type

28.6.5 Chromium Standard Solution 1.0 mL=0.10 ug of acid and at the same concentration as that of the sample
Cr)—Dilute 10.0 mL chromium standard solution Il to 1000 being analyzed either directly or after processing.

mL with demineralized water. 29.3 General Instrumental Parameters
28.6.6 Methyl Isobutyl KetongMIBK). 29.3.1 Cobalt Hollow Cathode Lamp
28.6.7 Sodium Hydroxide Solutiofil M)—Dissolve 40 g 29.3.2 Wavelength-240.7 nm.

NaOH in demineralized water and dilute to 1 L. 29.3.3 Fuel—Acetylene.

28.6.8 Sulfuric Acid(0.12 M)—Slowly add 6.5 mL concen-  29.3.4 Oxidant—Air.

trated HSO, (sp gr 1.84) to demineralized water and dilute to  29.3.5 Type of Flame-Oxidizing.

1L. 29.4 Analysis Procedure-For analysis procedure and cal-
28.7 Procedure culation, see “Direct Aspiration,” 11.1.
28.7.1 Pipet a volume of sample containing less than 2.5 M9y Ccobalt—

chromium (100 mL maximum) into a 200-mL volumetric flask, Furnace Technique

and adjust the volume to approximately 100 mL. 30.1 Requirements _
28.7.2 Prepare a blank and sufficient standards, and adjust30.1.1 Optimum Concentration Rangé-100 pg/L (see
the volume of each to approximately 100 mL. Note 59).

28.7.3 Add 2 drops bromphenol blue indicator solution. 30.1.2 Detection Limif 1 pg/L.
(The pH adjustment to 2.4 may also be made with a pH meter nore 59—The above concentration values and instrument conditions
instead of using an indicator.) are for a Perkin-Elmer HGA-2100, based on the use of a 20 L injection,
28.7.4 Adjust the pH by additionfdl M NaOH solution  continuous flow purge gas and nonpyrolytic graphite. Smaller sized
dropwise until a blue color persists. Add 0.12 M,$0O, furnace devices or those employing faster rates of atomization can be
dropwise until the blue color just disappears in both theoperated using lower atomization temperatures for shorter time periods
standards and sample. Then add 2.0 mL of 0.12 )#® in  "an the above recommended settings.

excess. The pH at this point should be 2.4. 30.2 Preparation of Standard Solution
28.7.5 Add 5.0 mL APDC solution and mix. The pH should 30.2.1 Stock Solution-Prepare as described under “direct
then be approximately 2.8. aspiration method.”

28.7.6 Add 10.0 mL MIBK and shake vigorously for 3 min. ~ 30.2.2 Prepare dilutions of the stock solution to be used as
28.7.7 Allow the layers to separate and add demineralize@alibration standards at the time of analysis. These solutions
water until the ketone layer is completely in the neck of the@re also to be used for “standard additions.”
flask. 30.2.3 The calibration standard should be diluted to contain
28.7.8 Aspirate the ketone layer, and record the scal®-5 % (v/v) HNO.

reading for each sample and standard against the blank. RepeaB0-3 General Instrument Parameters
and average the dup"ca‘[e results. 30.3.1 Drylng Time and TemperatU'Fe30 s at 125°C.

28.8 Calculations 30.3.2 Ashing Time and Temperatu30 s at 900°C.

28.8.1 Determine the pg/L ¢%in each sample from a plot ~ 30.3.3 Atomizing Time and Temperatu+€l0 s at 2700°C.
of scale readings of standards. A working curve must be 30.3.4 Purge Gas AtmosphereArgon.
prepared with each set of samples. Repoff@oncentrations ~ 30.3.5 Wavelength-240.7 nm. 3
as follows: Less than 10 pg/L, nearest ug/L; 10 pg/L and above, 30.3.6 Other operating parameters should be set as specified

two significant figures. by the particular instrument manufacturer.
~ 28.8.2 Calculate the mg metal per kg of sample as outlined nore 60—The use of background correction is recommended.
in 11.2. Note 61—Nitrogen may also be used as the purge gas but with reported
lower sensitivity.
29. Cobalt—Direct Aspiration 30.4 Analysis Procedure-For the analysis procedure and
29.1 Requirements the calculation, see “Furnace Procedure” 11.3.
29.1.1 Optimum Concentration Range0.5 to 5 mg/L using Note 62—For every sample matrix analyzed, verification is necessary
a wavelength of 240.7 nm (see Note 58). to determine that the method of standard additions is not required (see
29.1.2 Sensitivity—0.2 mg/L. 6.2.1).
29.1.3 Detection Limit—0.05 mgl/L. Note 63—If the method of standard additions is required, follow the

rocedure given earlier in 10.5.
Note 58—For levels of cobalt below 100 pg/L, either the special P g

extraction procedure (11.2), or the furnace technique is recommended.31. Copper—Direct Aspiration
29.2 Preparation of Standard Solution 31.1 Requirements
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31.1.1 Optimum Concentration Rangé.2—-5 mg/L using a 32.3.6 Other operating parameters should be set as specified
wavelength of 324.7 nm (see Note 64 and Note 65). by the particular instrument manufacturer.

31.1.2 Sensitivity 0.1 mg/L.

31.1.3 Detection Limit 0.02 mg/L.

Note 64—For levels of copper below 50 ug/L, either the Special
Extraction Procedure, given in 11.2 or the furnace technique is recom- 32.4 Analysis Procedure-For the analysis procedure and
mended. the calculation, see “Furnace Procedure” 11.3.

Note 65—Numerous absorption lines are available for the determina- ) S
tion of copper. By selecting a suitable absorption wavelength, copper Note 69—For every sample matrix analyzed, verification is necessary
samples may be analyzed over a very wide range of concentration. TH® determine that the method of standard additions is not required (see

Note 67—Background correction may be required if the sample
contains high dissolved solids.
Note 68—Nitrogen may also be used as the purge gas.

following lines may be used: 6.2.1). . . .
327.4 nm Relative Sensitivity 2, Note 70—If the method of standard additions is required, follow the
216.5 nm Relative Sensitivity 7, and procedure given in 10.5.

222.5 nm Relative Sensitivity 20. . S
Y 33. lron—Direct Aspiration

33.1 Requirements
33.1.1 Optimum Concentration Rang@.3 to 5 mg/L using
a wavelength of 248.3 nm (see Note 71 and Note 72).

31.2 Preparation of Standard Solution

31.2.1 Stock Solutior-Carefully weigh 1.00 g of electro-
lyte copper (analytical reagent grade). Dissolve in 5 mL
redistilled HNQ,, and make up to 1 L with deionized distilled
water. Final concentration is 1 mg Cu per mL (1000 mg/L).  Nore 71—The following lines may also be used:

31.2.2 Prepare dilutions of the stock solution to be used as ;‘7‘?'3 nm re:a:!ve Sens!g"!ty i’
calibration standards at the time of analysis. Tadibration 3021 m :glzt:zg zgzz:t:z:g 5
standardsshould be prepared using the same type of acid and 555 7 nm relative sensitivity 6, and
at the same concentration as that of the sample being analyzed72.0 nm relative sensitivity 10.

either directly or after processing. Note 72—For concentrations of iron below 0.05 mg/L, either the
31.3 General Instrumental Parameters Special Extraction Procedure given in 11.2 or the furnace procedure, is
31.3.1 Copper Hollow Cathode Lamp recommended.
31.3.2 Wavelength-324.7 nm. 33.1.2 Sensitivity 0.12 mg/L.
31.3.3 Fuel—Acetylene. 33.1.3 Detection Limit 0.03 mg/L.
31.3.4 Oxidant—Air. 33.2 Preparation of Standard Solution
31.3.5 Type of Flame-Oxidizing. 33.2.1 Stock Solution-Carefully weigh 1.000 g of pure iron
31.4 Analysis Procedure-For analysis procedure and cal- wire (analytical reagent grade) and dissolve in 5 mL redistilled
culation, see “Direct Aspiration”, 11.1. HNQO,, warming if necessary. When solution is complete, make
up to 1 L with deionized distilled water. 1 mL =1 mg Fe (1000
32. Copper—Furnace Technique mg/L).

32.1 Requirements 33.2.2 Prepare dilutions of the stock solution to be used as

32 1.1 Optimum Concentration Ranad to 100 ua/L (see calibration standards at the tim(_a of analysis. 'Elaﬁbratiop
Note 66) pamu I 9 HO/L ( standardsshould be prepared using the same type of acid and

32.1.2 Detection Limif 1 pg/L. at the same conqentration as will resuljt in the sample to be
analyzed either directly or after processing.
Note 66—The above concentration values and instrument conditions 33.3 General Instrumental Parameters
are for a Perkin-Elmer HGA-2100, based on the use of a 20-yL injection, 33 3.1 |ron Hollow Cathode Lamp
continuous flow purge gas and non-pyrolytic graphite. Smaller sized 33.3.2 Wavelength-248.3 nm
furnace devices or those employing faster rates of atomization can be . 'S’ ' '
operated using lower atomization temperatures for shorter time periods 33.3.3 Fuel—Acetylene.

than the above recommended settings. 33.3.4 Oxidant—Air. o
. . 33.3.5 Type of Flame-Oxidizing.
32.2 Preparation of Standard Solution 33.4 Analysis Procedure-For analysis procedure and cal-

32.2.1 Stock Solution-Prepare as described under “direct culation, see “Direct Aspiration,” 11.1.
aspiration method.”

32.2.2 Prepare dilutions of the stock solution to be used as4. Iron—Furnace Technique
calibration standards at the time of analysis. These solutions g4 1 Requirements

are also to be used for “standard additions.” _34.1.1 Optimum Concentration Range5 to 100 pg/L (see
32.2.3 The calibration standard should be diluted to contaifgie 73).

0.5 % (v/v) HNO,. 34.1.2 Detection Limit—1 pg/L.
32.3 General Instrument Parameters
32.3.1 Drying Time and Temperature30 s at 125°C. o N|<()_TEE7|3—Tr|((93202iggtrgtion(;/alueﬁ and insftrur;:ntl_cpr_]diti_ons are f_ora
32.3.2 Ashing Time and Temperatur0 s at 900°C. S o0l R Tt Ro B e ohite, Smaller sized furnace
32.3.3 Atomizing Time and Temperaturel0 s at 2700°C. devices or those employing faster rates of atomization can be operated
32.3.4 Purge Gas AtmosphereArgon. using lower atomization temperatures for shorter time periods than the
32.3.5 Wavelength-324.7 nm. recommended settings.
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34.2 Preparation of Standard Solution turbulence and absorption bands in the flame. Therefore, some care should
34.2.1 Stock Solution-Prepare as described under “direct be taken to position the light beam in the most stable, center portion of the
aspiration method.” flame. To do this, first adjust the burner to maximize the absorbance

reading with a lead standard. Then, aspirate a water blank and make

34.2.2 Prepare dilutions of the stock solution to be used inute adjustments in the burner alignment to minimize the signal.

calibration standards at the time of analysis. These solutions
are also to be used for “standard additions.” 36. Lead—Furnace Technique
34.2.3 The calibration standard should be diluted to contain 55 1 Requirements

0.5% (v/v) HNG;. 36.1.1 Optimum Concentration Rangé to 100 ug/L (see

34.3 General Instrument Parameters Note 81).

34.3.1 Drymg Tlme and Temperatue30 s at 125°C. 36.1.2 Detection Limif 1 pg/L.

34.3.2 Ashing Time and Temperatu+e30 s at 1000°C.

34.3.3 Atomizing Time and TemperaturelO s at 2700°C. Note 81—The above concentration values and instrument conditions
34.3.4 Purge Gas AtmospheFeArgon. are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injection,

continuous flow purge gas and nonpyrolytic graphite. Smaller sized
34.3.5 Wavelength—248.3 nm. ...furnace devices or those employing faster rates of atomization can be
34.3.6 Other operating parameters should be set as Spec'f'ggerated using lower atomization temperatures for shorter time periods

by the particular instrument manufacturer. than the above recommended settings.
Note 74—The use of background correction is recommended. 36.2 Preparation of Standard Solution
Note 75—Nitrogen may also be used as the purge gas. 36.2.1 Stock Solution-Prepare as described under “direct
34.4 Analysis Procedure-For the analysis procedure and aspiration method.”

the calculation, see “Furnace Procedure,” 11.3. 36.2.2 Lanthanum Nitrate Solutiea-Dissolve 58.64 g of

ACS reagent grade L& in 100 mL concentrated HNQand

Note 76—For every sample matrix analyzed, verification is necessary,. . L L i
to determine that the method of standard additions is not required (se%IIUte to 1000 mL with deionized distilled water. 1 mL = 50 mg

6.2.1). a.
NozE 77—If the method of standard additions is required, follow the 36.2.3 Working Lead Solution-Prepare dilutions of the
procedure given in 10.5. stock lead solution to be used as calibration standards at the
. - time of analysis. Each calibration standard should contain
35. Lead—Direct Aspiration 0.5 % (v/v) HNQ,. To each 100 mL of diluted standard, add 10
35.1 Requirements mL of the lanthanum nitrate solution.
35.1.1 Optimum Concentration Rang&—20 mg/L using a 36.3 General Instrument Parameters
wavelength of 283.3 nm (see Note 78 and Note 79). 36.3.1 Drying Time and Temperature30 s at 125°C.
35.1.2 Sensitivity 0.5 mg/L. 36.3.2 Ashing Time and Temperature30 s at 500°C.
35.1.3 Detection Limif 0.1 mg/L. 36.3.3 Atomizing Time and Temperaturel 0 s at 2700°C.

Note 78—For levels of lead below 200 pg/L, either the Special 30-3-4 Purge Gas AtmosphereArgon.
Extraction Procedure given in 11.2 or the furnace technique is recom- 36.3.5 Wavelength-283.3 nm.
mended.

Note 79—The following lines may also be used: Note 82—Greater sensitivity can be achieved using the 217.0-nm line,

217.0 nm Relative Sensitivity 0.4, and but the optimu_m concentration range is reduced. The use of a lead
261.4 nm Relative Sensitivity l'o ’ electrodeless discharge lamp at this lower wavelength has been found to
’ ' be advantageous. Also a lower atomization temperature (2400°C) may be

35.2 Preparation of Standard Solution preferred.

'35.2.1 Stock Solution-Carefully weigh 1.599 g of lead 36 3 6 Other operating parameters should be set as specified
nitrate, Pb(NQ), (analytical reagent grade), and dissolve in by the particular instrument manufacturer.
deionized distilled water. When solution is complete, acidify

with 10 mL redistilled HNQ and dilute to 1 L with deionized Note 83—The use of background correction is recommended.
distilled water. 1 mL =1 mg Pb (1000 mg/L). 36.4 Analysis Procedure-For the analysis procedure in the
35.2.2 Prepare dilutions of the stock solution to be used agalculation see “Furnace Procedure,” 11.3.
calibration standards at the time of analysis. Tadibration _
d Note 84—To suppress sulfate interference (up to 1500 ppm) lanthanum

standardsshould be prepared using the same type of acid anls dded as the nitrate to both samples and calibration standadds (

at the same concentration as that of the sample being analyze ote 85—Since glassware contamination is a severe problem in lead

either directly or after processing. analysis, all glassware should be cleaned immediately prior to use, and
35.3 General Instrumental Parameters once cleaned, should not be open to the atmosphere except when
35.3.1 Iron Hollow Cathode Lamp necessary.
35.3.2 Wavelength-283.3 nm. Note 86—For every sample matrix analyzed, verification is necessary
35.3.3 Fuel—Acetylene. to determine that the method of standard additions is not required (see
35.3.4 Oxidant—Air. 6.2.1).

Note 87—If the method of standard additions is required, follow the

35.3.5 Type of Flame-Oxidizing. procedure given in 10.5.

35.4 Analysis Procedure-For analysis procedure and cal-
culation, see “Direct Aspiration,” 11.1. 37. Lithium—Direct Aspiration

Note 80—The analysis of this metal is exceptionally sensitive to 37.1 Requirements
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37.1.1 Optimum Concentration Rangeto 0.2 mg/L using a 38.4 Analysis Procedure-For analysis procedure and cal-
wavelength of 670.8 nm (see Note 88). culation, see “Direct Aspiration,” 11.1.

37.1.2 Sensitivity-0.035 mg/L. Note 91—The interference caused by aluminum at concentrations

Note 88—The following lines may also be used: greater than 2 mg/L is masked by addition of lanthanum. Sodium,
323.3 nm relative sensitivity 235, and potassium and calcium cause no interference at concentrations less than
610.4 nm relative sensitivity 3600. 400 mg/L.

37.2 Preparation of Standard Solution 39. Manganese—Direct Aspiration

37.2.1 Stock Solutior-Dissolve 5.324 g of lithium carbon-
ate, LL,CO; in a minimum volume of (1 + 1) HCI and dilute to
1 L with deionized water. 1 mL = 1.00 mg Li (1000 mg/L).

37.2.2 Prepare dilutions of the stock lithium solution to be o
used as calibration standards at the time of analysis. The ggig [S)z?;é?y(;;ygr?li (r)ng/ll'm n
calibration standardsshould be prepared using the same type " : git.
of acid and at the same concentration as that of the sampleNore 92—The following line may also be used: 403.1 nm Relative

39.1 Requirements
39.1.1 Optimum Concentration Rang@.1 to 3 mg/L using
a wavelength of 279.5 nm (see Note 92).

being analyzed either directly or after processing. Sensitivity 10.
37.3 General Instrumental Parameters 39.2 Preparation of Standard Solution
37.3.1 Lithium Hollow Cathode Lamp 39.2.1 Stock Solutioa-Carefully weigh 1.000 g of manga-
37.3.2 Wavelength-670.8 nm. nese metal (analytical reagent grade), and dissolve in 10 mL of
37.3.3 Fuel—Acetylene. redistilled HNQ,. When solution is complete, dilute to 1 L with
37.3.4 Oxidant—Air. _ 1% (v/v) HCI. 1 mL =1 mg Mn (1000 mg/L).
37.4 Analysis Procedure-For analysis procedure and cal- 3922 prepare dilutions of the stock solution to be used as
culations, see “Direct Aspiration,” 11.1. calibration standards at the time of analysis. Hadibration
) ) o standardsshould be prepared using the same type of acid and
38. Magnesium—Direct Aspiration at the same concentration as that of the sample being analyzed
38.1 Requirements either directly or after processing.
38.1.1 Optimum Concentration Rang®.02 to 0.5 mg/L 39.3 General Instrumental Parameters
using a wavelength of 285.2 nm (see Note 89 and Note 90). 39.3.1 Manganese hollow cathode lamp
38.1.2 Sensitivity 0.007 mg/L. 39.3.2 Wavelength-279.5 nm.
38.1.3 Detection Limit 0.001 mg/L. 39.3.3 Fuel—Acetylene.

Note 89—The following line may also be used: 202.5 nm relative gggg ?XIdanft—FTllr. idizi
sensitivity 25. 0.0 lype o ame-ox1dizing.

NoTe 90—To cover the range of magnesium values normally observed 39:4 Analysis _Procedure—l_zor analysis procedure and cal-
in surface waters (0.1 to 20 mg/L), it is suggested that either the 202.5 niulation, see “Direct Aspiration,” 11.1.
line be used or the burner head be rotated. A90° rotation of the burner head

will produce approximately one-eighth the normal sensitivity. Note 93—For levels of manganese below 25 pg/L, either the furnace

procedure or the Special Extraction Procedure given in 10.2 is recom-

38.2 Preparation of Standard Solution mended. The extraction is carried out at a pH of 4.5 to 5. The manganese

38.2.1 Stock Solutior-Dissolve 0.829 g of magnesium chelate is very unstable and the analysis must be made without delay to
oxide, MgO (analytical reagent grade), in 10 mL of redistilled prevent its solution in the aqueous phase.

HNO,, and dilute to 1 L with deionized distilled water. 1
mL = 0.50 mg Mg (500 mg/L).

38.2.2 Lanthanum Chloride SolutierDissolve 29 g of  40.1 Requirements
La,Os, slowly and in small portions in 250 mL concentrated 40.1.1 Optimum Concentration Rangé to 30 pg/L (see
HCI, (Caution—Reaction is violent), and dilute to 500 mL Note 94).
with deionized distilled water. 40.1.2 Detection Limif 0.2 pg/L.

38.2.3 Prepare dilutions of the stock magnesium solution 0 Nore 94— The above concentration values and instrument conditions
be used as calibration standards at the time of analysis. Thegg: for a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
calibration standardshould be prepared using the same typecontinuous flow purge gas and nonpyrolytic graphite. Smaller sized
of acid and at the same concentration as that of the sampfernace devices or those employing faster rates of atomization can be
being analyzed directly or after processing. To each 10-moperated using lower atomization temperatures for shorter time periods
volume ofcalibration standardand sample alike add 1.0 mL of han the above recommended settings.
the lanthanum chloride solution, that is, 20 mL of standard or 40.2 Preparation of Standard Solution

40. Manganese—Furnace Technique

sample + 2 mL LaGJ=22 mL. 40.2.1 Stock Solution-Prepare as described under “direct
38.3 General Instrumental Parameters aspiration method.”
38.3.1 Magnesium Hollow Cathode Lamp 40.2.2 Prepare dilutions of the stock solution to be used as
38.3.2 Wavelength-285.2 nm. calibration standards at the time of analysis. These solutions
38.3.3 Fuel—Acetylene. are also to be used for “standard additions.”
38.3.4 Oxidant—Air. 40.2.3 The calibration standard should be diluted to contain
38.3.5 Type of Flame-Oxidizing. 0.5 % (v/v) HNO..
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40.3 General Instrument Parameters 41.3.1 Until more conclusive data are obtained, samples
40.3.1 Drying Time and Temperatue30 s at 125°C. should be preserved by acidification with nitric acid to a pH of
40.3.2 Ashing Time and Temperature30 s at 1000°C. 2 or lower immediately at the time of collection. If only
40.3.3 Atomizing Time and TemperaturelO s at 2700°C.  dissolved mercury is to be determined, the sample should be
40.3.4 Purge Gas AtmosphereArgon. filtered through an all glass apparatus before the acid is added.
40.3.5 Wavelength-279.5 nm. For total mercury, the filtration is omitted.
40.3.6 Other operating parameters should be set as specified?1-4 Interference S

by the particular instrument manufacturer. 41.4.1 _P053|ble mter_ference from sulfide is ellmmat_ed by

the addition of potassium permanganate. Concentrations as

Note 95—The use of background correction is recommended. high as 20 mg/L of sulfide as sodium sulfide do not interfere
Note 96—Nitrogen may also be used as the purge gas. with the recovery of added inorganic mercury from distilled

40.4 Analysis Procedure-For the analysis procedure and Water. .
the calculation, see “Furnace Procedure” 11.3. 41.4.2 Copper has also been reported to interfere; however,

copper concentrations as high as 10 mg/L had no effect on
Note 97—For every sample matrix analyzed, verification is necessaryecovery of mercury from spiked samples.
to determine that the method of standard additions is not required (see 41.4.3 High chloride concentrations require additional per-
6.2.1). o , manganate (as much as 25 mL). During the oxidation step,
Nore 98—If the method of standard additions is required, follow the o ijes are converted to free chlorine which will also absorb
d [ lier in 10.5. -
procedure given eariier in radiation of 253 nm. Care must be taken to ensure that free
41. Mercury Cold Vapor Technique chlorine is absent before the mercury is reduced and swept into
411S d Aoplicatiod11): the cell. This may be accomplished by using an excess of
- SCope and Applica lorf _)' . _hydroxylamine sulfate reagent (25 mL). In addition, the dead
41.1.1 In addition to inorganic forms of mercury, organic 4ir gnace in the BOD bottle must be purged before the addition
mercurials may also be present. These organo-mercury COMg stannous sulfate. Both inorganic and organic mercury spikes

PO“”‘?'S will not respond to .the cold vapor atomic absorptior},a e peen guantitatively recovered from sea water using this
technique unless they are first broken down and converted t@chnique.

mercuric ions. Potassium permanganate oxidizes many of theSéy 4 4 |nterference from certain volatile organic materials

compounds, but recent studies have shown that a number(g.nat will absorb at this wavelength is also possible. A prelim-
n

organic mercurials, including phenyl mercuric acetate angnry ryn without reagents should determine if this type of
methyl mercuric chloride, are only partially oxidized by this interference is present.

reagent. Potassium persulfate has been found to give approxi-

mately 100 % recovery when used as the oxidant with these NoTte 100—The possibility of absorption from certain organic sub-
tances actually being present in the sample does exist. This is mentioned

compounds. Therefore, a persulfate oxidation step fOIIOWini ly to caution the analyst of the possibility. A simple correction that may
the addition of the permanganate has been included to ens gused is as follows: If an interference has been found to be present, the

that organQ'mercury compounds, if present, will be O_Xidized. tcéample should be analyzed both by using the regular procedure and again
the mercuric ion before measurement. A heat step is requirehder oxidizing conditions only, that is without the reducing reagents. The
for methyl mercuric chloride when present in or spiked to atrue mercury value can then be obtained by subtracting the two values.

natural system. For distilled water the heat step is not neces- 41 g Apparatus

sary. ) 41.5.1 Atomic Absorption Spectrophotometer; (See Note
~ 41.1.2 The range of the test method may be varied througho1) Any atomic absorption unit having an open sample
instrument or recorder expansion, or both. Using a 100-mlyresentation area in which to mount the absorption cell is

sample, a detection limit of 0.2 pug Hg/L can be achievedgyitaple. Instrument settings recommended by the particular
Concentrations below this level should be reported as <0.2. manufacturer should be followed.

Note 99—If additional sensitivity is required, a 200 mL sample with  Nore 101—Instruments designated specifically for the measurement of
recorder expansion may be used provided the instrument does not produgfsrcury using the cold vapor technique are commercially available and

undue noise. Using a Coleman MAS-50 with a drying tube of magnesiuninay be substituted for the atomic absorption spectrophotometer.
perchlorate and a variable recorder, 2 mv was set to read full scale. With .
these conditions, and distilled water solutions of mercuric chloride at 41.5.2 Mercury Hollow Cathode Lamp-argon filled, or

concentrations of 0.15, 0.10, 0.05 and 0.025 pg/L, the standard deviatioguivalent:*

were £0.027,+0.006 0.01, and+0.004. Percent recoveries at these  41.5.3 Recorder—Any multi-range variable speed recorder

levels were 107, 83, 84, and 96 %, respectively. that is compatible with the UV detection system is suitable.
41.2 Summary of Test Method 41.5.4 Absorption Cel—Standard spectrophotometer cells

41.2.1 The flameless AA procedure is a physical method-C €™ long, having quartz end windows may be used. Suitable
based on the absorption of radiation at 253.7 nm by mercur§€!lS may be constructed from plexiglass tubing, 1 outside
vapor. The mercury vapor passes through a cell positioned ifi2meter by #z in. The ends are ground perpendicular to the
the light path of an atomic absorption spectrophotometer.

Absorbance (peak height) is measured as a function of mercury
concentration and recorded in the usual manner. 1 Westinghouse WL-22847 available from any laboratory supply house has been
41.3 Sample Handling and Preservation found suitable.
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longitudinal axis and quartz windows (1-in. diameterfag-in. 41.6.5 Potassium Permanganatés % solution, w/v)—

thickness) are cemented in place. The cell is strapped to Rissolve 5 g ofpotassium permanganate in 100 mL of distilled

burner for support and aligned in the light beam by use of twowater.

2 by 2 in. cards. One-inch diameter holes are cut in the middle 41.6.6 Potassium Persulfatés % solution, w/v)—Dissolve

of each card; the cards are then placed over each end of tlteg of potassium persulfate in 100 mL of distilled water.

cell. The cell is then positioned and adjusted vertically and 41.6.7 Stock Mercury Solutiea-Dissolve 0.1354 g of mer-

horizontally to give the maximum transmittance. curic chloride in 75 mL of distilled water. Add 10 mL of
41.5.5 Air Pump—Any peristaltic pump capable of deliver- concentrated nitric acid and adjust the volume to 100.0 mL. 1

ing 1 L of air per minute may be used. A Masterflex pump withmL =1 mg Hg.

electronic speed control has been found to be satisfactory.  41.6.8 Working Mercury Solutior-Make successive dilu-
41.5.6 Flowmeter—Capable of measuring an air flow of 1 L tions of the stock mercury solution to obtain a working

per minute. standard containing 0.1 pg per mL. This working standard and
41.5.7 Aeration Tubing—A straight-glass frit having a the dilutions of the stock mercury solution should be prepared

coarse porosity. Tygon tubing is used for passage of th&esh daily. Acidity of the working standard should be main-

mercury vapor from the sample bottle to the absorption cell anggined at 0.15 % nitric acid. This acid should be added to the
return. flask as needed before the addition of the aliquot.

41.5.8 Drying Tube—6 by % in. diameter tube containing ~ 41.7 Calibration:

20 g of magnesium perchlorate (see Note 102). The apparatus41-7-1 .Transfer 0, 0.5, 10 2.0, 5.0,_apd 10.0 mL aliquots of
is assembled as shown in Fig. 2. the working mercury solution containing 0 to 1.0 pg of

_ ' mercury to a series of 300 mL BOD bottles. Add enough
Note 102—In place of the magnesium perchlorate drying tube, a smaljstilled water to each bottle to make a total volume of 100 mL.
reading lamp with 60 W bulb may be used to prevent condensation of;iy thoroughly and add 5 mL of concentrated sulfuric acid and

moisture inside the cell. The lamp is positioned to shine on the absorptio — .
cell maintaining the air temperature in the cell about 10.25°C abov -5 mL of concentrated nitric acid to each bottle. Add 15 mL of

ambient. MnO, solution to each bottle, and allow to stand at least 15
min. Add 8 mL of potassium persulfate to each bottle and heat
41.6 Reagents for 2 h in awater bath maintained at 95°C. Cool and add 6 mL
41.6.1 Sulfuric Acid, Concentratee-Reagent grade. of sodium chloride-hydroxylamine sulfate solution to reduce
41.6.1.1 Sulfuric Acid,0.5 N—Dilute 14.0 mL of concen- the excess permanganate. When the solution has been decol-
trated sulfuric acid to 1.0 L. orized wait 30 s, add 5 mL of the stannous sulfate solution and
41.6.2 Nitric Acid, Concentrate—Reagent grade of low immediately attach the bottle to the aeration apparatus forming
mercury content. a closed system. At this point the sample is allowed to stand

quietly without manual agitation. The circulating pump, which
%has previously been adjusted to a rate of 1 L per minute, is
allowed to run continuously. (An open system where the
41.6.3 Stannous SulfateAdd 25 g stannous sulfate to 250 mercury vapor is passed through the absorption cell only once
mL of 0.5 N sulfuric acid. This mixture is a suspension and may be used instead of the closed system.)
should be stirred continuously during use. (Stannous chloride 41.7.2 The absorbance will increase and reach maximum
may be used in place of stannous sulfate.) within 30 s. As soon as the recorder pen levels off, approxi-
41.6.4 Sodium Chloride-Hydroxylamine Sulfate Solutien mately 1 min, open the bypass valve and continue the aeration
Dissolve 12 g of sodium chloride and 12 g of hydroxylamineuntil the absorbance returns to its minimum value. Because of
sulfate in distilled water and dilute to 200 mL. (Hydroxylamine the toxic nature of mercury vapor, precaution must be taken to
hydrochloride may be used in place of hydroxylamine sulfate.javoid its inhalation. Therefore, a bypass has been included in

Note 103—If a high reagent blank is obtained, it may be necessary t
distill the nitric acid.
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FIG. 2 Apparatus for Flameless Mercury Determination
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the system to either vent the mercury vapor into an exhaust 42.2.2 Aluminum Nitrate Solutioar-Dissolve 139 g alumi-
hood or pass the vapor through some absorbing media such aem nitrate, AI(NQ)5-9H,0, in 150 mL of deionized distilled

follows: water; heat to effect solution. Allow to cool and make up to 200
(a) (a) equal volumes of 0.1 M KMn@and 10 % HSO,,  mL.

and 42.2.3 Prepare dilutions of the stock molybdenum solution
(b) (b) 0.25 % iodine in a 3 % KI solution. to be used as calibration standards at the time of analysis. The

o _ o calibration standardsshould be prepared using the same type
Note 104—Directions for the disposal of mercury-containing wastesyt 56id and at the same concentration as that of the sample
are given in Test Method D 3223, bein lvzed either direct] ft . T h 100
g analyzed either directly or after processing. To eac
41.7.3 Close the bypass valve, remove the stopper and frtL of standard and sample alike, add 2 mL of the aluminum
from the BOD bottle and continue the aeration. Proceed withitrate solution.
the standards and construct a standard curve by plotting peak42.3 General Instrumental Parameters
height versus micrograms of mercury. 42.3.1 Molybdenum Hollow Cathode Lamp
41.8 Procedure 42.3.2 Wavelength-313.3 nm.
41.8.1 Transfer 100 mL, or an aliquot diluted to 100 mL, 42.3.3 Fuel—Acetylene.
containing not more than 1.0 pug of mercury, to a 300-mL BOD 42.3.4 Oxidant—Nitrous Oxide.
bottle. Add 5 mL of sulfuric acid and 2.5 mL of concentrated 42.3.5 Type of Flame-Fuel rich.
nitric acid mixing after each addition. Add 15 mL of potassium 42.4 Analysis Procedure-For analysis procedure and cal-
permanganate solution to each sample bottle. For sewagedlation, see “Direct Aspiration,” 11.1.
sample additional permanganate solution, if necessary, until the 42.5 Interferences
purple color persists for at least 15 min. Add 8 mL of potassium 42.5.1 With the recommended nitrous oxide-acetylene
persulfate to each bottle and heat ®h in awater bath at flame, interferences of calcium and other ions may be con-
95°C. Cool and add 6 mL of sodium chloride-hydroxylaminetrolled by adding 1000 mg/L of a refractory metal such as
sulfate to reduce the excess permanganate. After a delay of auminum (12). This should be done to both samples and
least 30 s, add 5 mL of stannous sulfate and immediately attacitandards alike.
Elhle7bottle to the aeration apparatus. Continue as described ji Molybdenum—Furnace Technique
41.9 Calculation
41.9.1 Determine the peak height of the unknown from thq\Iote 106).
chart, and read the mercury value from thg standard CUrVe. "1 1 5 Detection Limit 1 pg/L.
41.9.2 Calculate the mercury concentration in the sample by
the formula: Note 106—The concentration values and instrument conditions are for
1.000 a P(_arkin-EImer HGA-2100, based on the use of a 20-uL injection,
Hg Hg/L = (ug Hg in aliquot <vo|ume of'aliquot — mL> (10) continuous flow purge gas and pyrolytic graphite.
43.2 Preparation of Standard Solution

41.9.3 Report mercury concentrations as follows: Below 0.2 43 2 1 Stock Solution-Prepare as described under “direct
Hg/L, <0.2; between 1 and 10 ug/L, one decimal; above 1Qspiration method”.

43.1 Requirements
43.1.1 Optimum Concentration Rang8& to 60 pg/L (see

Hg/L, whole numbers. 43.2.2 Prepare dilutions of the stock solution to be used as
) o calibration standards at the time of analysis. These solutions
42. Molybdenum—Direct Aspiration are also to be used for “standard additions”.
42.1 Requirements 43.2.3 The calibration standard should be diluted to contain
42.1.1 Optimum Concentration Rangéto 40 mg/Lusinga 0.5 % (v/v) HNG.
wavelength of 313.3 nm (see Note 105). 43.3 General Instrument Parameters
42.1.2 Sensitivity 0.4 mg/L. 43.3.1 Dryi_ng Time and Temperatue30 s at 125°S:.
42.1.3 Detection Limit 0.1 mg/L. 43.3.2 Ashing Time and Temperatu+e€30 s at 1400°C.

43.3.3 Atomizing Time and Temperaturel5 s at 2800°C.
Note 105—For concentrations of molybdenum below 0.2 mg/L, the 43.3.4 Purge Gas AtmosphereArgon.

furnace procedure is recommended. 43.3.5 Wavelength-313.3 nm.
42.2 Preparation of Standard Solution 43.3.6 Other operating parameters should be set as specified
42.2.1 Stock Solution-Dissolve 1.840 g of ammonium PY the particular instrument manufacturer.

molybdate (NH)Mo,0,,4H,0 (analytical reagent grade) in  Nore 107—Background correction may be required if the sample
deionized distilled water and dilute to 1 L. 1 mL =1 mg Mo contains high dissolved solids.
(1000 mg/L). Note 108—The use of nitrogen as a purge gas is not recommended.

43.4 Analysis Procedure-For the analysis procedure and
the calculation, see “Furnace Procedure,” 11.3.

12 A specially treated charcoal that will absorb mercury vapor is also available NoTE 109—For every sample matrix analyzed, verification is necessary
from Barneby and Cheney, East 8th Ave. and North Cassidy St., Columbus, OO determine that the method of standard additions is not required (see
43219, Catalog No. E580-13 or 580-22. 6.2.1).
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Note 110—If the method of standard additions is required, follow the  45.3.3 Atomizing Time and Temperaturel0 s at 2700°C.
procedure given in 10.5. 45.3.4 Purge Gas AtmosphereArgon.
45.3.5 Wavelength—-232.0 nm.
45.3.6 Other operating parameters should be set as specified

44.1 Requirements by the particular instrument manufacturer.

44.1.1 Optimum Concentration Rang@.3 to 5 mg/L using o
a wavelength of 232.0 nm (see Note 111). Note 113—The use of background correction is recommended.

44.1.2 Sensitivity 0.15 mg/L. Note 114—Nitrogen may also be used as the purge gas.

44.1.3 Detection Limif 0.04 mg/L. 45.4 Analysis Procedure-For the analysis procedure and

) . _the calculation, see “Furnace Procedure”, 11.3.
Note 111—For levels of nickel below 100 pg/L, either the Special

Extraction Procedure, given in 11.2, or the furnace technique is recom- Note 115—For every sample matrix analyzed, verification is necessary
mended. to determine that the method of standard additions is not required (see
6.2.1).

44.2 Preparation O_f Star_ldard Solution . . Note 116—If the method of standard additions is required, follow the
44.2.1 Stock Solution-Dissolve 4.953 g of nickel nitrate, procedure given in 10.5.

Ni(NO,),-6H,0O (analytical reagent grade) in deionized dis-

tilled water. Add 10 mL of concentrated nitric acid and dilute 46. Potassium—Direct Aspiration

to 1 L with deionized distilled water. 1 mL =1 mg Ni (1000  46.1 Requirements

mg/L). 46.1.1 Optimum Concentration Range0.1 to 2 mg/L using
44.2.2 Prepare dilutions of the stock nickel solution to bea wavelength of 766.5 nm (see Note 117).

used as calibration standards at the time of analysis. The 46.1.2 Sensitivity—0.04 mg/L.

calibration standardsshould be prepared using the same type 46.1.3 Detection Limit—0.01 mg/L.

of acid and at the same concentration as that of the sample

being analyzed either directly or after processing.
44.3 General Instrumental Parameters

44. Nickel—Direct Aspiration

Note 117—The 404.4-nm line may also be used. This line has a
relative sensitivity of 500.

44.3.1 Nickel Hollow Cathode Lamp 46.2 Preparation of Standard Solution

44.3.2 Wavelength-232.0 nm. 46.2.1 Stock Solutior-Dissolve 0.1907 g of KCI (analyti-

44.3.3 Fuel—Acetylene. cal reagent grade), dried at 110°C, in deionized distilled water

44.3.4 Oxidant—Air. and make upto 1 L. 1 mL =0.10 mg K (100 mg/L).

44.3.5 Type of Flame-Oxidizing. 46.2.2 Prepare dilutions of the stock solution to be used as

44.4 Analysis Procedure-For analysis procedure and cal- calibration standards at the time of analysis. Tadibration
culation, see “Direct Aspiration”, 11.1. standardsshould be prepared using the same type of acid and

44.5 Interferences-The 352.4-nm wavelength is less sus- at the same concentration as that of the sample being analyzed
ceptible to interference and may be used. The calibration curv@ither directly or after processing.
is more linear at this wavelength; however, there is some loss 46.3 General Instrumental Parameters

of sensitivity. 46.3.1 Potassium Hollow Cathode Lamp
46.3.2 Wavelength-766.5 nm.
45. Nickel—Furnace Technique 46.3.3 Fuel—Acetylene.

46.3.4 Oxidant—Air.

46.3.5 Type of Flame-Slightly oxidizing.

46.4 Analysis Procedure-For analysis procedure and cal-
culation, see “Direct Aspiration”, 11.1.

45.1 Requirements
45.1.1 Optimum Concentration Rangé to 100 pg/L (see
Note 112).
45.1.2 Detection Limif 1 pg/L.
. . . Note 118—In air-acetylene or other high temperature flames
Note 112—The concentration values and instrument conditions are f°f>2800°C), potassium can experience partial ionization which indirectly

a Pgrkin-EIHwer HGA-2100, téaSEd Ior) the l;]S.e OSf allzo-gL icri]jfedion’affects absorption sensitivity. The presence of other alkali salts in the
continuous flow purge gas and pyrolytic graphite. Smaller sized furnacg mple can reduce this ionization and thereby enhance analytical results.

devices or those employing faster rates of atomization can be operateq jonization suppressive effect of sodium is small if the ratio of Na to
using lower atomization temperatures for shorter time periods than thR is under 10. Any enhancement due to sodium can be stabilized by

recommended settings. adding excess sodium (1000 pg/mL) to both sample and standard
45.2 Preparation of Standard Solution solutions. If more stringent control of ionization is required, the addition

45.2.1 Stock SolutiOH—Prepare as described under “direct of cesium should be considered. Reagent blanks should be analyzed to
aspiration method.” correct for potassium impurities in the buffer stock.

I . Note 119—To cover the range of potassium values normally observed
45.2.2 Prepare dilutions of the stock solution to be used a5 surface waters (0.1 to 20 mg/L), it is suggested that the burner head be

calibration standards at the time of analysis. These solutiongtated. A90° rotation of the burner head provides approximately one-

are also to be used for “standard additions.” eighth the normal sensitivity.
45.2.3 The calibration standard should be diluted to contain ] )
0.5 % (v/v) HNO,. 47. Selenium—Furnace Technique
45.3 General Instrument Parameters 47.1 Requirements
45.3.1 Drying Time and Temperatue30 s at 125°C. 47.1.1 Optimum Concentration Rang8 to 100 ug/L (see
45.3.2 Ashing Time and Temperatue30 s at 900°C. Note 120).
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47.1.2 Detection Limif 2 pg/L. Note 125—If the method of standard additions is required, follow the

) ) . procedure given in 10.5.
Note 120—The above concentration values and instrument conditions

are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injection48. Selenium—Gaseous Hydride

continuous flow purge gas and _non-pyrolytic graphite. Sme_lller sized 48.1 Scope and ApplicatienThe gaseous hydride method
furnace devices or those employing faster rates of atomization can gﬁetermines inorganic selenium when present in concentrations
operated using lower atomization temperatures for shorter time perio . ) ;

than the above recommended settings. at or above 2 pg/L. The test method is applicable in the absence
of high concentrations of chromium, cobalt, copper, mercury,
molybdenum, nickel, and silver.

48.2 Summary of Test MethedSelenium in the sample is
reduced from the + 6 oxidation state to the + 4 oxidation state
‘by the addition of SnGl Zinc is added to the acidified sample,
producing hydrogen and converting the selenium to the hy-
dride, SeH. The gaseous selenium hydride is swept into an
argon-hydrogen flame of an atomic absorption spectrophotom-
eter. The working range of the test method is 2 to 20 ug/L using
the 196.0-nm wavelength.

48.3 Discussion

48.3.1 In analyzing drinking water and most surface and

ground waters, interferences are rarely encountered. Industrial
waste samples should be spiked with a known amount of
selenium to establish adequate recovery.

48.3.2 Organic forms of selenium must be converted to an

47.3 Sample Preparation inorgani . -
. ganic form and organic matter must be oxidized before
47.3.1 Transfer 100 mL of well-mixed sample to a25o'm|'beginning the analysis. The oxidation procedure given in

Griffin beaker, add 2 mL of 30 % 0D, and sufficient concen- .04 te 4 1 of Method 206.5 should be UEER)
trated HNQ, to result in an acid concentration of 1% (VV). 48 4 References ' '
Heat fa 1 h at95°C or until the volume is slightly less than 50 48.4.1 Except for the perchloric acid step, the procedure to

mL. . S
. . .. be used for this determination is foundStandard Methods for
47.3.2 Cool and bring back to 50 mL with deionized the Examination of Water and Wastewaté#).

distilled water.
47.3.3 Pipet 5 mL of this digested solution into a 10 mL49. Silver—Direct Aspiration

volumetric flask, add 1 mL of the 1 % nickel nitrate solution 49.1 Requirements

and dilute to 10 mL with deionized distilled water. The sample 49.1.1 Optimum Concentration Range, 0.1 to 4 mg/L using

is now ready for injection into the furnace. a wavelength of 328.1 nm (see Note 126 and Note 127).
Note 121—If solubilization or digestion is not required, adjust the ~49.1.2 Sensitivity 0.06 mg/L.

HNO, concentration of the sample to 1% (v/v) and add 2 mL of 30% 49.1.3 Detection Limit 0.01 mg/L.
P :
H,0, and 2 mL of 5 % nickel nitrate to each 100 mL of sample. The Note 126—For levels of silver below 30 pg/L, either the Special

volume of the calibration standard should be adjusted with deionize% . . . ;
o xtraction Procedure, given in 11.2 or the furnace procedure is recom-
distilled water to match the volume change of the sample.

47.2 Preparation of Standard Solution

47.2.1 Stock Selenium SolutienDissolve 0.3453 g of se-
lenous acid (actual assay 94.6 %S¢0, in deionized distilled
water and make up to 200 mL. 1 mL =1 mg Se (1000 mg/L)

47.2.2 Nickel Nitrate Solution5 %—Dissolve 24.780 g of
ACS reagent grade Ni (Ng,-6H,0 in deionized distilled
water and make up to 100 mL.

47.2.3 Nickel Nitrate Solution1 %—Dilute 20 mL of the
5 % nickel nitrate to 100 mL with deionized distilled water.

47.2.4 Working Selenium SolutierPrepare dilutions of the
stock solution to be used as calibration standards at the time of
analysis. Withdraw appropriate aliquots of the stock solution
add 1 mL of concentrated HNO2 mL of 30 % HO, and 2 mL
of the 5% nickel nitrate solution. Dilute to 100 mL with
deionized distilled water.

mended.
47.4 Instrument Parameters Note 127—The 338.2-nm wavelength may also be used. This has a
47.4.1 Drying Time and Temperatue30 s at 125°C. relative sensitivity of 2.

47.4.2 Charring Time and Temperature—30 s at 1200°C.  49.2 Preparation of Standard Solution

47.4.3 Atomizing Time and Temperatuel0 s at 2700°C. 49.2.1 Stock Solution-Dissolve 1.575 g of AgNQ@(analyti-
47.4.4 Purge Gas AtmosphereArgon. cal reagent grade) in deionized distilled water, add 10 mL
47.4.5 Wavelength-196.0 nm. concentrated HNQand make up to 1 L. 1 mL=1 mg Ag
47.4.6 Other operating parameters should be set as specifié€d00 mg/L).

by the particular instrument manufacturer. Note 128—Silver nitrate standards are light sensitive. Dilutions of the

Note 122—The use of background correction is recommended. stock should be discarded after use as concentrations below 10 mg/L are
not stable over long periods of time.

49.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Tadibration
Note 123—Selenium analysis suffers interference from chloridesstandardsshould be prepared using nitric acid and at the same
(>800 mg/L) and sulfate_ (>200 mg/L)_. For the analysis of industrial .gncentration as that of the sample being analyzed either
effluents and samples with concentrations of sulfate from 200 to ZOO(éirecﬂy or after processing.
(]

mg/L, both samples and standards should be prepared to contain 1 . . . .
nigkeL P . prep ' 49.2.3 lodine Solution(1 N)—Dissolve 20 g of potassium

Note 124—For every sample matrix analyzed, verification is necessar);o_di_dei KI (analytical reagent g_rad_e) in 50 m'_— of deionized
to determine that the method of standard additions is not required (sedistilled water, add 12.7 g of iodine, (analytical reagent
6.2.1). grade) and dilute to 100 mL. Store in a brown bottle.

47.5 Analysis Procedure-For the analysis procedure and
the calculation see “Furnace Procedure,” 11.3.
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49.2.4 Cyanogen lodide(CNI) Solution—To 50 mL of 51. Sodium—Direct Aspiration
deionized distilled water add 4.0 mL concentrated,®H, 6.5 51.1 Requirements

g KCN, and 5.0 mL of 1.0N I, solution. Mix and dilute to 100 57 1.1 Optimum Concentration Rang@.03 to 1 mg/L using
mL with deionized distilled water. Fresh solution should beg \yavelength of 589.6 nm (see Note 136).

prepared every 2 weeks. 51.1.2 Sensitivity 0.015 mg/L.
49.3 General Instrumental Parameters 51.1.3 Detection Limif 0.002 mg/L.
49.3.1 Silver Hollow Cathode Lamp ) _ _
49.3.2 Wavelength—328.1 nm. Note 136—The 330.2 nm resonance line of sodium, which has a
49.3.3 Fuel—Acetylene relative sensitivity of 185, provides a convenient way to avoid the need to
e . ’ ’ dilute more concentrated solutions of sodium.
49.3.4 Oxidant—Air.
49.3.5 Type of Flame-Oxidizing. 51.2 Preparation of Standard Solution
the calculation, see “Direct Aspiration,” 11.1. reagent grade), dried at 140°C, in deionized distilled water and

make upto 1 L. 1 mL=1 mg Na (1000 mg/L).
51.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. Tadibration

Note 129—If absorption to container walls or the formation of AgCl is
suspected, make the sample basic using concentratg®Ntnd add 1
mL of (CNI) solution per 100 mL of sample. Mix the sample and allow to

stand fo 1 h before proceeding with the analysis. standardsshould be prepared using the same type of acid and
_ _ at the same concentration as that of the sample being analyzed
50. Silver—Furnace Technique either directly or after processing.
50.1 Requirements 51.3 General Instrumental Parameters
50.1.1 Optimum Concentration Rangel to 25 pg/L (see  51.3.1 Sodium Hollow Cathode Lamp
Note 130). 51.3.2 Wavelength-589.6 nm.
50.1.2 Detection Limi#—0.2 pg/L. 51.3.3 Fuel—Acetylene.

51.3.4 Oxidant—Air.

Note 130—The concentration values and instrument conditions are for 51.3.5 Type of Flame-Oxidizing.

a Perkin-Elmer HGA-2100, based on the use of a 20-pL injection,
continuous flow purge gas and nonpyrolytic graphite. Smaller sized Nore 137—Low-temperature flames increase sensitivity by reducing
furnace devices or those employing faster rates of atomization can bge extent of ionization of this easily ionized metal. lonization may also be

operated using lower atomization temperatures for shorter time periodsontrolled by adding potassium (1000 mg/L) to both standards and
than the above recommended settings. samples.

50.2 Preparation of Standard Solution 51.4 Analysis Procedure-For analysis procedure and cal-
50.2.1 Stock Solution-Prepare as described under “direct culation, see “Direct Aspiration,” 11.1.

aspiration method.”
50.2.2 Prepare dilutions of the stock solution to be used a52. Tin—Direct Aspiration
calibration standards at the time of analysis. These solutions 5 1 Requirements

are also to be used for “standard additions.” ~ 52.1.1 Optimum Concentration Range, 10 to 300 mg/L
50.2.3 The calibration standard should be diluted to contalrlljsing a wavelength of 286.3 nm (see Note 138).

0.5% (v/v) HNQ,. 52.1.2 Sensitivity 4 mg/L.
Note 131—The use of halide acids should be avoided. 52.1.3 Detection Limit 0.8 mgl/L.
50.3 General Instrument Parameters Note 138—For concentrations of tin below 2 mg/L, the furnace
50.3.1 Drying Time and Temperature30 s at 125°C. procedure is recommended.
50.3.2 AShlnngme and Temperatu-FéSO s at 400°C. 52.2 Preparation of Standard Solution
50.3.3 Atomizing Time and Temperatu+€l0 s at 2700°C. 52.2.1 Stock Solutior-Dissolve 1.000 g of tin metal (ana-
50.3.4 Purge Gas AtmosphereArgon. lytical reagent grade) in 100 mL of concentrated HCI and dilute
50.3.5 Wavelength-328.1 nm. _to 1 L with deionized distilled water. 1 mL =1 mg Sn (1000
50.3.6 Other operating parameters should be set as specifiggly/L ).

by the particular instrument manufacturer. 52.2.2 Prepare dilutions of the stock tin solution to be used
Note 132—Background correction may be required if the sample@S Calibration standards at the time of analysis. Galibration

contains high dissolved solids. standardsshould be prepared using the same type of acid and

50.4 Analysis Procedure-For the analysis procedure and at the same concentration as that of the sample being analyzed
the calculation, see “Furnace Procedure,” 11.3 (see Note &ither directly or after processing.
Note 5, Note 6, and Note 7). 52.3 General Instrumental Parameters

’ ’ 52.3.1 Tin Hollow Cathode Lamp

Note 133—If adsorption to _con_tainer walls or formation of AgClis  52.3.2 Wavelength-286.3 nm.
suspected, see the Direct Aspiration Method. 52.3.3 Fuel—Acetylene

Note 134—For every sample matrix analyzed, verification is necessary . 5’ . d Lo
to determine that the method of standard additions is not required (see 52.3.4 Oxidant—Nitrous oxide.

6.2.1). 52.3.5 Type of Flame-Fuel rich.
Note 135—If the method of standard additions is required, follow the 52.4 Analysis Procedure-For the analysis procedure and
procedure given in 10.5. the calculation, see “Direct Aspiration,” 11.1.
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53. Tin—Furnace Technique 54.2.3 Prepare dilutions of the stock titanium solution to be
53.1 Requirements used as calibration standards at the time of analysis. The
53.1.1 Optimum Concentration Rang20 to 300 ug/L (see calibration standardsshould be prepared using the same type

Note 139). of acid and at the same concentration as that of the sample
53.1.2 Detection Limit 5 pg/L. being analyzed either directly or after processing. To each 100

_ _ N mL of standard and sample alike, add 2 mL of potassium
Note 139—The concentration values and instrument conditions are fobhloride solution.

a Perkin-Elmer HGA-2100, based on the use of a 20 pL injection, 54.3 General Instrumental Parameters

continuous flow purge gas and non-pyrolytic graphite. Smaller sized o
furnace devices or those employing faster rates of atomization can be 24-3-1 Titanium Hollow Cathode Lamp
operated using lower atomization temperatures for shorter time periods 54.3.2 Wavelength-365.3 nm.
than the recommended settings. 54.3.3 Fuel—Acetylene.
54.3.4 Oxidant—Nitrous oxide.

53.2 Preparation of Standard Solution 54.3.5 Type of Flame-Fuel rich,

asf)ﬁ.jt.i(l)nStr(r)]ZI:higlutlon—Prepare as described under “direct 54.4 Anal_ysis Proce(_jure—For _the_ analysis procedure and

53.2.2 Prepare dilutions of the stock solution to be used atshe calculation, see "Direct Aspiration,” 11.1. .
calibration standards at the time of analysis. These solution 54.5 I_nterfer(_ancc_as—A number_of glements increase _the
' §ensmvny of titanium. To control this problem, potassium

are also to be used for “standard additions”. .
53.2.3 The calibration standard should be diluted to contairgg;)O mg/L) must be added to standards and samples alike
2 % (viv) HNG;. ’
53.3 Instrument Parameters
53.3.1 Drying Time and Temperatue30 s at 125°C.

53.3.2 Ashing Time and Temperatu+e30 s at 600°C. 55.1 Requ?rements .
53.3.3 Atomizing Time and Temperatuel0 s at 2700°C. 55.1.1 Optimum Concentration RangB0 to 500 ug/L (see

55. Titanium Furnace Technique

53.3.4 Purge Gas AtmosphereArgon. Note 146). .

53.3.5 Wavelength-224.6 nm. 55.1.2 Detection Limif 10 pg/L.

53.3.6 Other operating parameters should be set as specifiedore 146—The above concentration values and instrument conditions
by the particular instrument manufacturer. are for a Perkin-ElImer HGA-2100, based on the use of a 20-pL injection,

continuous flow purge gas and pyrolytic graphite.

55.2 Preparation of Standard Solution

. . 55.2.1 Stock Solutior-Prepare as described under “direct
53.4 Analysis Procedure-For the analysis procedure and aspiration method.”

the calculation see “Furnace Procedure,” 11.3. 55.2.2 Prepare dilutions of the stock solution to be used as

Note 142—Tin analysis is sensitive to chloride concentration. If calibration Stanqard§ at the time of analysis. .
chloride concentration presents a matrix problem or causes a loss previous55.2.3 Thecalibration standardsshould be prepared using
to atomization, add an excess of 5 mg of ammonium nitrate to the furnacthe same type of acid and at the same concentration as that of
and ash using a ramp necessary or with incremental steps until ththe sample being analyzed either directly or after processing.
recommended ashing temperature is reached. Extended ashing times havesg 3 General Instrument Parameters
been reported to improve precision. o 55.3.1 Drying Time and Temperature30 s at 125°C.

Note 143—For every sample matrix analyzed, verification is necessary 55.3.2 Ashing Time and Temperatue30 s at 1400°C
to determine that the method of standard additions is not required (see 55'3'3 Atomizing Time and Temperaturel5 s at 2800.°C
6.2.1). -9 :

Note 144—If the method of standard additions is required, follow the gggg \F;\g\?;e?:;fhégggipgsfeArgon'

procedure given in 10.5. - -
55.3.6 Other operating parameters should be set as specified

Note 140—The use of background correction is recommended.
Note 141—Nitrogen may also be used as the purge gas.

54. Titanium—Direct Aspiration by the particular instrument manufacturer.
54.1 Requirements Note 147—Background correction may be required if the sample
54.1.1 Optimum Concentration Rang® to 100 mg/L using contains high dissolved solids.

a wavelength of 365.3 nm (see Note 145). Note 148—Because of possible chemical interactions, nitrogen should
54.1.2 Sensitivity 2 mg/L. not be used as the purge gas.
54.1.3 Detection Limif 0.4 mg/L. 55.4 Analysis Procedure-For the analysis procedure and

Note 145—For concentrations of titanium below 1.0 mg/L, the furnacethe calculation, see “Furnace Procedure,” 11.3.

procedure is recommended. Note 149—For every sample matrix analyzed, verification is necessary

54.2 Preparation of Standard Solution to determine that the method of standard additions is not required (see

6.2.1).
54.2.1 Stock Solutiop-Dissolve 4.008 g of titanium sulfate, Noze 150—If the method of standard additions is required, follow the
Tiz(SO4)3, in dilute HCI and make up to 1 L with deionized procedure given in 10.5.
distilled water. 1 mL =1 mg Ti (1000 mg/L). ) ) o
54.2.2 Potassium Chloride SolutienDissolve 95 g potas- 96. Vanadium—Direct Aspiration
sium chloride, KClI, in distilled water and make up to 1 L. 56.1 Requirements
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56.1.1 Optimum Concentration Range2 to 100 mg/L 57.3.4 Purge Gas AtmosphereArgon.

using a wavelength of 318.4 nm (see Note 151). 57.3.5 Wavelength-318.4 nm.
56.1.2 Sensitivity—0.8 mg/L. 57.3.6 Other operating parameters should be set as specified
56.1.3 Detection Limi+—0.2 mg/L. by the particular instrument manufacturer.

Note 151—For concentrations of vanadium below 0.5 mg/L, the Note 153—Background correction may be required if the sample
furnace procedure is recommended. contains high dissolved solids.
56.2 Preparation of Standard Solution Note 154—Because of possible chemical interaction, nitrogen should

56.2.1 Stock Solutior-Dissolve 1.7854 g of vanadium not be used as the purge gas.
pentoxide, 4O (analytical reagent grade) in 10 mL of 57.4 Analysis Procedure-For the analysis procedure and
concentrated nitric acid and dilute to 1 L with deionizedthe calculation, see “Furnace Procedure,” 11.3.
distilled water. 1 mL =1 mg V (1000 mg/L). Note 155—For every sample matrix analyzed, verification is necessary

56.2.2 Aluminum Nitrate Solutior-Dissolve 139 g alumi- to determine that the method of standard additions is not required (see
num nitrate, AI(NQ)5-9H,0, in 150 mL of deionized distilled 6.2.1).
water; heat to effect solution. Allow to cool and make up to 200 Note 156—If the method of standard additions is required, follow the
mL. procedure given in 10.5.

56.2.3 Prepare dilutions of the stock solution to be used 383 Zinc—
calibration standards at the time of analysis. Tadibration ) i
standardsshould be prepared using the same type of acid and ©8-1 Requirements _ _
at the same concentration as that of the sample being analyzed®8-1.1 Optimum Concentration Rang@.05 to 1 mg/L using
either directly or after processing. To each 100 mL of standar@ Wavelength of 213.9 nm (see Note 157).
and sample alike, add 2 mL of the aluminum nitrate solution. 28-1.2 Sensitivity 0.02 mg/L.

Direct Aspiration

56.3 General Instrumental Parameters 58.1.3 Detection Limit 0.005 mg/L.
56.3.1 Vanadium Hollow Cathode Lamp Note 157—For concentrations of zinc below 0.01 mg/L, either the
56.3.2 Wavelength-318.4 nm. Special Extraction Procedure or the Furnace Procedure, is recommended.

56.3.3 Fuel—Acetylene. 58.2 Preparation of Standard Solution

56.3.4 Oxidant—Nitrous oxide. 58.2.1 Stock Solutior-Carefully weigh 1.00 g of zinc metal
56.3.5 Type of Flame-Fuel rich. , (analytical reagent grade) and dissolve cautiously in 10 mL
56.4 Analysis Procedure-For the analysis procedure and HNO,. When solution is complete make up to 1 L with

the calculation, see "Direct Aspiration,” 11.1. - deionized distilled water. 1 mL =1 mg Zn (1000 mg/L).

56.5 Interferences-It has been reported that high concen- -~ 5g 5 5 prepare dilutions of the stock solution to be used as
trations of aluminum and titanium increase the sensitivity of.jibration standards at the time of analysis. Hadibration
vanadium. T_hls interference can be controlled by adding,nqardsshould be prepared using the same type of acid and
excess aluminum (1000 ppm) to both samples and standards ihe same concentration as that of the sample being analyzed
(16) either directly or after processing.

58.3 Instrumental Parameters

57. Vanadium—Furnace Technique 58.3.1 Zinc Hollow Cathode Lamp

57.1 Requirements _ 58.3.2 Wavelength-13.9 nm.
57.1.1 Optimum Concentration Rang&0 to 200 pg/L (see 58.3.3 Fuel—Acetylene.

Note 152). _ o 58.3.4 Oxidant—Air.
57.1.2 Detection Limit 4 pg/L. 58.3.5 Type of Flame-Oxidizing.

Note 152—The above concentration values and instrument conditions 98-4 Analysis Procedure-For analysis procedure and cal-
are for a Perkin-Elmer HGA-2100, based on the use of a 20-pL injectionculation, see “Direct Aspiration,” 11.1.
con_tlnuous flow purge gas and pyrolytic graphlte._ Smaller sized furnace Note 158—High levels of silicon may interfere.
devices or those employing faster rates of atomization can be operatedN 159—The ai vl f bsorbs about 25 % of th
using lower atomization temperatures for shorter time periods than the '\°'% — 'he airacetylene flame absorbs abou o of the energy

) t the 213.9 nm line.
above recommended settings. a I .
9 Note 160—The sensitivity may be increased by the use of low-

57.2 Preparation of Standard Solution temperature flames.
57.2.1 Stock Solutior-Prepare as described under “direct Nore 161—Some sample container cap liners can be a source of zinc
aspiration method.” contamination. To circumvent or avoid this problem, the use of polypro-

57.2.2 Prepare dilutions of the stock solution to be used aBY'ene caps is recommended.
calibration standards at the time of analysis. These solutiongg ;.
are also to be used for “standard additions.” ] i

57.2.3 The calibration standard should be diluted to contain 29-1 Requirements

Furnace Technique

0.5 % (v/v) HNO,. 59.1.1 Optimum Concentration Range0.2 to 4 pg/L (see
57.3 General Instrument Parameters Note 162). _ o
57.3.1 Drying Time and Temperature30 s at 125°C. 59.1.2 Detection Limi#=0.05 pg/L.
57.3.2 Ashing Time and Temperature30 s at 1400°C. Note 162—The concentration values and instrument conditions are for

57.3.3 Atomizing Time and Temperaturel5 s at 2800°C.  a Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,

26



Ay E 885 - 88 (1996)

continuous flow purge gas and non-pyrolytic graphite. Smaller sized 59.3.6 Other operating parameters should be set as specified

furnace devices or those employing faster rates of atomization can bgy the particular instrument manufacturer.
operated using lower atomization temperatures for shorter time periods o
than the recommended settings. Note 163—The use of background correction is recommended.

Note 164—Nitrogen may also be used as a purge gas.

59.2 Preparation O_f Standard Solution ) ) 59.4 Analysis Procedure-For the analysis procedure
59.2.1 Stock Solution-Prepare as described under “Direct gngthe calculation, see “Furnace Procedure,” 11.3.

Aspiration Method.” _ _ _ _
Note 165—The analysis of zinc by the graphite furnace is extremely

5_9'2',2 Prepare dilutions Of_the stock SOIL,mon to be Use‘?' a§ensitive and very subject to contamination from the work area, reagents,
calibration standards at the time of analysis. These solutiongg pipet tips. Since all these factors affect the precision and accuracy,

are also to be used for “standard additions.” zinc should be analyzed by the direct aspiration procedure whenever
59.2.3 The calibration standard should be diluted to contaimossible. _ o

0.5 % (v/v) HNO, Note 166—For every sample matrix analyzed, verification is necessary
' ' to determine that the method of standard additions is not required (see
59.3 General Instrument Parameters 6.2.1).
59.3.1 Drying Time and Temperatuwe30 s at 125°C. Note 167—If the method of standard additions is required, follow the
59.3.2 Ashing Time and Temperatu#€30 s at 400°C. procedure given in 10.5.
59.3.3 Atomizing Time and Temperatuel0 s at 2500°C.  60. Precision and Bias
59.3.4 Purge Gas AtmosphereArgon. 60.1 Precision and bias data for the methods described on
59.3.5 Wavelength-213.9 nm. RDF are not available at this time.
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