[lIM) Designation: D 3557 _ 02 An American National Standard

—ygl’
INTERNATIONAL
Standard Test Methods for
- - 1
Cadmium in Water
This standard is issued under the fixed designation D 3557; 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 D 1691 Test Methods for Zinc in Wafer

1.1 These test methods cover the determination of dissolved D 1886 Test Methods for Nickel in Wafer .
and total recoverable cadmium in water and wastewater by D 2777 Practice for Determination of Precision and Bias of

atomic-absorption spectrophotometry and differential pulse _Applicable Methods of Committee D19 on Water
anodic stripping voltammet®/Four test methods are included D 3370 Practices for Sampling Water from Closed Con-

as follows: duits® _
c . D 3558 Test Methods for Cobalt in Water
oncentration . X
Range Sections D 3559 Test Methods for Lead in Water

Lot Method A—Atomic Absorption, 0081020 71015 D 3919 Practice for Measuring Trace Elements in Water by

irect mg . . .
Test Method B—Atomic Absorption, 5 to 200 pg/L 16 to 24 Graphlte Fu_mace AtOI’!’lIC AbSOI’ptIOﬂ _Spec?rophotoni’etry
Chelation-Extraction D 4841 Practice for Estimation of Holding Time for Water
Zestheg:Qd _C—I\D/if:terentialt Pulse l1to100ugl 25034 Samples Containing Organic and Inorganic Constitifents

nodic Stripping Voltammetry . L. .
Test Method D—Atomic Absorption, 2 to 10 pg/L 3510 43 D 5810 GUId? for Splkm_g into Aqueous Sam@es . .
Graphite Furnace D 5847 Practice for Writing Quality Control Specifications

1.2 Test Method B can be used to determine cadmium in for Standard Test Methods for Water Analysis
brines. It is the user’s responsibility to ensure the validity ofg Terminology
these test methods for waters of untested matrices.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is th o o . ]
responsibility of the user of this standard to establish appro- 3.2 Definitions of Terms Specific to This Standard:

priate safety and health practices and determine the applica- 3.2.1 sp|k|_ng solut|on_—the standard s_olutlon added to the
bility of regulatory limitations prior to use. polarographic cell that is used to quantitate the sample.

3.2.2 stripping peak potentiat-the applied potential versus
2. Referenced Documents SCE at which the stripping peak current is a maximum.

21 ASTM Standards: 3.2.3 SC_E—_saturated (_:alomel electrode.

D 858 Test Methods for Manganese in Water 3.2.4 stripping peak signakthe current measured at the

D 1066 Practice for Sampling Stedm stripping peak maximum for a metal.

D 1068 Test Methods for I.ron in Water 4. Significance and Use

D 1129 Terminology Relating to Watfer

D 1192 Specification for Equipment for Sampling Water
and Steam in Closed Conduits

D 1193 Specification for Reagent Water

D 1687 Test Methods for Chromium in Water

D 1688 Test Methods for Copper in Water

3.1 Definitions—For definitions of terms used in these test
ethods, refer to Terminology D 1129.

4.1 The test for cadmium is necessary because it is a
toxicant and because there is a limit specified for cadmium in
potable water in the National Interim Primary Drinking Water
Regulations. This test serves to determine whether the cad-
mium content of potable water is above or below the accept-
able limit.

5. Purity of Reagents

1 These test methods are under the jurisdiction of ASTM Committee D19 on
Water and are the direct responsibility of Subcommittee D19.05 on Inorganic 5.1 Reagent grade chemicals shall be used in all tests.
Constituents in Water. _ _Unless otherwise indicated, it is intended that all reagents shall
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published as D 3557 — 77. Last previous edition D 3557 — 95.

2 Platte, J. A., and Marcy, V. M., “A New Tool for the Water Chemishtiustrial
Water EngineeringMay 1965. -
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conform to the specifications of the Committee on Analytical9. Interferences

Reagents of the American Chemical Socie®@ther grades g1 Calcium concentrations above 1000 mg/L suppress the

of sufficiently high purity to permit its use without lessening j5 19 o4

the accuracy of the determination. 9.2 Sodium, potassium, sulfate, and chloride (9000 mg/L
5.2 Unless otherwise indicated, references to water shall bgach) magnesium (4500 mg/L), iron (4000 mg/L), nitrate (100

understood to mean reagent water conforming to SpeC|f|cat|0ﬁ]g/L)’ and nickel, lead, copper, zinc, cobalt, and chromium

D 1193, Type I. Other reagent water types may be used;o mg/L each), do not interfere.

provided it is first ascertained that the water is of sufficiently g9 3 Background correction or a chelation-extraction proce-

high purity to permit its use without adversely affecting the qyre (see Test Method B) may be necessary to determine low
bias and precision of the test method. Type Il water waseyels of cadmium in some waters.

specified at the time of round-robin testing of this test method.
Note 1—Instrument manufacturer’s instructions for use of the specific

6. Sampling correction technique should be followed.

6.1 Collect the samples in accordance with the applicablgp. Apparatus
ASTM sta_n_dar_d as follows: Practices D 3370, Practice D 1066, 10.1 Atomic Absorption Spectrophotometerfor use at
and Specification D 1192. 228.8 nm.

6.2 Samples shall be preserved with HNGp gr 1.42) to a
pH of 2 or less immediately at the time of collection, normally Note 2—The manufacturer's instructions shall be followed for all
about 2 mL/L of HNQ. If only dissolved cadmium is to be !n;trumental parameters. A wavelength other than 228.8 nm may be used
determined, the sample shall be filtered through a 0.45-pm (Nd 't has been determined to be equally suitable.

325) membrane filter before acidification. The holding time for 10.2 Cadmium Light Souree-Either cadmium hollow-
samples may be calculated in accordance with Practice D 484¢athode lamps or multielement hollow-cathode lamps, or
electrodeless-discharge lamps.

TEST METHOD A—ATOMIC ABSORPTION, DIRECT 10.3 Pressure-Reducing ValvesThe supplies of fuel and
oxidant shall be maintained at pressures somewhat higher than
7. Scope the controlled operating pressure of the instrument by suitable

7.1 This test method covers the determination of dissolvedalves.
and total recoverable cadmium in most waters and wastewa-
ters. 11. Reagents and Materials

7.2 This test method is applicable in the range from 0.05t0 11,1 cadmium Solution, Stockl mL=1.0 mg Cd)—
2.0 mg/L of cadmium. The range may be extended to concemjssolve 1.000 g of cadmium metal in a minimum quantity of
trations greater than 2.0 mg/L by dilution of the sample. HNO; (sp gr 1.42) and dilute to 1 L.

7.3 This test method has been used successfully with 11 2 cadmium Solution, Standafl mL =0.1 mg Cd)—
reagent grade water, river water, wastewater, ground water, {fjjyte 100.0 mL of the cadmium stock solution and 1 mL of
water, lake water, and refinery effluent. The information onynO (sp gr 1.42) to 1000 mL with water.
precision and bias may not apply to other water. It is the user's 1173 Hydrochloric Acid(sp gr 1.19)—Concentrated hydro-
responsibility to ensure the validity of this test method for cporic acid (HCI).

waters of other matrices. o
Note 3—If the reagent blank concentration is greater than the method

8. Summary of Test Method detection limit, distill the HCI or use spectrograde acifagning—When
. . . . . HCI is distilled, an azeotropic mixture is obtained (approximateli{ 6
8.1 Cadmium is determined by atomic absorption Spectrogc)). Therefore, whenever concentrated HCI is specified for the prepara-
photometry. Dissolved cadmium is determined by aspirating @on of a reagent or in the procedure, use double the volume specified if
portion of the filtered sample directly with no pretreatment.distilled acid is used.)
Total recoverable cadmium is determined by aspirating the 17 4 Nitric Acid (sp gr 1.42)—Concentrated nitric acid
sample following hydrochloric-nitric acid digestion and filtra- (yNO,).
tion. The same digestion procedure may be used to determine
total recoverable nickel (Test Methods D 1886), chromium Nore 4—If the reagent blank concentration is greater than the method
(Test Methods D 1687), cobalt (Test Methods D 3558), coppe?etec“on limit, distill the HNQ or use a spectrograde acid.
(Test Methods D 1688), iron (Test Methods D 1068), lead (Test 11.5 Nitric Acid (1 + 499)—Add 1 volume of HNQ(sp gr
Methods D 3559), manganese (Test Methods D 858), and zint-42) to 499 volumes of water.
(Test Methods D 1691). 11.6 Oxidant
11.6.1 Air, which has been passed through a suitable filter to
remove oil, water, and other foreign substances is the usual
5Reagent Chemicals, American Chemical Society Specificatimerican oxidant.
Chemical Society, Washington, DC. For suggestions on the testing of reagents not 11.7 Fuel:

listed by the American Chemical Society, sAealar Standards for Laboratory P P _
Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Phamracopeia 11.7.1 ACEterne_Standard’ CommerCIa"y available acety

and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, Ien_e is the usual fuel. Ace_tone, always presgnt in acetylene
MD. cylinders, can affect analytical results. The cylinder should be
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replaced at 50 psig (345 kPa)Vérning—“Purified” grade  water, tap water, lake water, and refinery effluent. The overall

acetylene containing a special proprietary solvent rather thabias and precision of this test method, within its designated

acetone should not be used with poly(vinyl chloride) tubing agange, varies with the quantity being measured in accordance
weakening of the tubing walls can cause a potentially hazardwith Table 1.

ous situation.) 15.2 These data may not apply to waters of the matrices,
o therefore, it is the responsibility of the analyst to ensure the

12. Standardization validity of the test method in other matrices.

12.1 Prepare 100 mL each of a blank and at least four 153 Precision and bias for this test method conforms to
standard solutions to bracket the expected cadmium concePractice D 2777-77, which was in place at the time of
tration range of the samples to be analyzed by diluting the&ollaborative testing. Under the allowances made in 1.4 of
standard cadmium solution (11.2) with HN@L + 499). Pre-  Practice D 2777-98, these precision and bias data meet existing

pare the standards each time the test is to be performed.  requirements for interlaboratory studies of Committee D19 test
12.2 When determining total recoverable cadmium, add 0.pnethods.

mL of HNO; (sp gr 1.42) to each blank and standard solution

and proceed as directed in 13.2 through 13.4. After the TEST METHOD B—ATOMIC ABSORPTION,

digestion of the blank and standard solutions has been com- CHELATION-EXTRACTION

pleted in 13.4, return to 12.3 to complete the standardization

for total recoverable determinations. When determining dis-16. Scope

solved cadmium, proceed with 12.3. 16.1 This test method covers the determination of dissolved
12.3 Aspirate the blank and standards and record the instrignd total recoverable cadmium in most waters and brines.

ment readings. Aspirate HNQ(1 + 499) between each stan-  16.2 This test method is applicable in the range from 5 to

dard. 200 pg/L of cadmium. The range may be extended to concen-
12.4 Prepare an analytical curve by plotting the absorbancgations greater than 200 ug/L by dilution of the sample.

versus the concentration for each standard on the instrument16.3 This test method has been used successfully with

software. Alternatively, read directly in concentration if this reagent grade water, river water, wastewater, ground water, tap

capability is provided with the instrument. water, lake water, and refinery effluent. The information on

precision and bias may not apply to other water.

_ o 16.4 It is the responsibility of the analyst to determine the

13.1 Measure 100.0 mL of a well-mixed acidified sampleacceptability of this test method when analyzing other matri-

13. Procedure

into a 125-mL beaker or flask. ces.
Note 5—If only dissolved cadmium is to be determined, start with
13.5. 17. Summary of Test Method
13.2 Add 5 mL of HCI (sp gr 1.19) to each sample. 17.1 Cadmium is determined by atomic absorption spectro-

13.3 Heat the samples on a steam bath or hotplate in Bhotometry. The element, either dissolved or total recoverable,
well-ventilated hood until the volume has been reduced to 1% chelated with pyrrolidine dithiocarbamic acid and extracted
to 20 mL, making certain that the samples do not boil. with chloroform. The extract is evaporated to dryness, treated

o . with hot nitric acid to destroy organic matter, dissolved in
matio o csalved Saids, te amaunt o reduton i valume s It o heYOrChIoric acid, and diluted to a specified volume with water.
discretion of the analyst.’ A portion of the resulting solution is then aspirated into the

) , . air-acetylene flame of the spectrophotometer. The digestion
13.4 Cool and filter the samples through a suitable f'lterprocedure summarized in 8.1 is used to determine total

such as fine-textured, acid-washed, ashless, paper into 100-icoverable cadmium. The same chelation-extraction proce-
volumetric flasks. Wash the filter paper two or three times withy ;e may be used to determine nickel (Test Methods D 1886),
water and adjust to volume. cobalt (Test Methods D 3558), copper (Test Methods D 1688),

13.5 Aspirate each filtered and acidified sample and detet;q, (Test Methods D 1068), lead (Test Methods D 3559), and
mine its absorbance or concentration at 228.8 nm. Aspiratgjnc (Test Methods D 1691).

HNO, (1 + 499) between each sample.

14. Calculation TABLE 1 Determination of Bias and Precision for Cadmium by

14.1 Calculate the concentration of cadmium in the sample, Atomic Absorption, Direct
in milligrams per litre, using the analytical curve prepared in , Added,  Amount ~ Statistically
12.4 malL Found. ma/L S, mglL S, mg/L % Bias Significant,
o 9 ' M9 95 % Level
.. . Reagent Water
15. Precision and BIaSB 0.20 0.200 0.033 0.033 0.0 No
15.1 The precision of this test method was tested by 17 0.60 0.592 0.034 0.026 -13 No
laboratories in reagent water, river water, wastewater, ground 1.60 1521 0.111 0.061 ~4.9 Yes
g ’ , g ™ Water of Choice
0.20 0.200 0.033 0.033 0.0 No
0.60 0.589 0.040 0.026 -1.8 No
® Supporting data are available from ASTM International Headquarters. Request 1.60 1511 0.114 0.061 -5.6 Yes

RR: D19-1030.
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18. Interferences 22. Procedure
18.1 See Section 9. 22.1 Measure a volume of a well-mixed acidified sample
containing less than 20.0 pug of cadmium (100-mL maximum)
19. Apparatus into a 125-mL beaker or flask and adjust the volume to 100 mL
. . . . with water.
19.1 All items of apparatus described in Section 10 are
required. Note 7—If only dissolved cadmium is to be determined, measure a

volume of filtered and acidified sample containing less than 20 pg of
cadmium (100-mL maximum) into a 250-mL separatory funnel, and begin
with 22.5.

20.1 Bromphenol Blue Indicator Solutiqi g/L)—Dissolve 22.2 Add 5 mL of HCI (sp gr 1.19) to each sample

9'1 g of bromphenol blue in 100 mL of 509% ethanal or 22.3 Heat the samples on a steam bath or hotplate in a
isopropanol. . ] well-ventilated hood until the volume has been reduced to 15
20.2 Cadmium Solution, Stoq®.0 mL =1.0 mg Cd)—See {5 20 mL, making certain that the samples do not boil.

11.1.
Note 8—When analyzing brine samples and samples containing ap-

20.3 Qadmlum Solution, Imerm?dlatel'o. mL =50 Hg preciable amounts of suspended matter or dissolved solids, the amount of
Cd)—Dilute 50.0 mL of stock cadmium solution and 1 mL of reduction in volume is left to the discretion of the analyst.

HNO; (sp gr 1.42) to 1 L with water.
20.4 Cadmium Solution, Standad.0 mL =0.5 pg Cd)—
Dilute 10 mL of cadmium intermediate solution and 1 mL of

HNO, (sp gr 1.42) to 1 L with water. with water and adjust the volume to approximately 100 mL.

20.5 Chloroform (CHCL). 22.5 Add 2 drops of bromphenol blue indicator solution and
20.6 Hydrochloric Acid(sp gr 1.19)—Concentrated hydro- mix.

20. Reagents and Materials

22.4 Cool and filter the samples through a suitable filter,
such as fine-textured, acid-washed, ashless paper, into 250-mL
separatory funnels. Wash the filter paper two or three times

chloric acid (HCI) (see Note 3). 22.6 Adjust the pH by addition of NaOH (100 g/L) solution
20.7 Hydrochloric Acid(1 + 2)—Add 1 volume of HCI (sp  until a blue color persists. Add HCI (1 + 49) by drops until the
gr 1.19) to 2 volumes of water. blue color just disappears; then add 2.5 mL of HCI (1 + 49) in

20.8 Hydrochloric Acid(1 + 49)—Add 1 volume of HCI (sp  €xcess. The pH at this point should be 2.3.

gr 1.19) to 49 volumes of water. Note 9—The pH adjustment of 22.6 may be made with a pH meter
20.9 Nitric Acid (sp gr 1.42)—Concentrated nitric acid instead of using an indicator.

(HNO, ) (see Ngtg 4). o ' ' 22.7 Add 10 mL of pyrrolidine dithiocarbamic acid-
Reagent-Add 36 mL of pyrrolidine to 1 L of CHGJ. Coolthe  (warning— see Note 9.)

solution and add 30 mL of GSin small portions, swirling 22 8 Plug the tip of the separatory funnel with cotton, allow
be used for several months if stored in a cool, dark placeigg-mL beaker.

(Warning—All components of this reagent are highly toxic. 22 9 Repeat the extraction with 10 mL of CH@ind drain
Carbon disulfide is also highly flammable. Prepare and use ifhe CHCY, layer into the same beaker.

a well-ventilated hood. Avoid inhalation and direct contact.)

20.11 Sodium Hydroxide SolutiofL00 g/L)—Dissolve 100 _ o™ ;gggecﬁ'r?{" P g?g;;zr‘i”s the Crlextract, reextract the
g of sodium hydroxide (NaOH) in water, cool, and dilute to 1 '

L. 22.10 Place the beaker on a hotplate set at low heat or on a
20.12 Materials—Use materials from 11.6 and 11.7. steam bath, and evaporate to near dryness. Remove beaker
from heat and allow residual solvent to evaporate without
21. Standardization Luor(tjfgje)r heating. \Warning—Perform in a well-ventilated

21.1 Prepare a blank and sufficient standard containing from 25 11 Hold the beaker at a 45° angle, and slowly add
0.0 to.20 pg of cadmium .by diluting 0.0 to_40.0—mL portions Ofdropwise 2 mL of HNQ (sp gr 1.42), rotating the beaker to
cadmium standard solution to 100 mL with water. effect thorough contact of the acid with the residue.

21.2 When determining total recoverable cadmium use 22.11.1 If acid is added to the beaker in a vertical position,
125-mL beakers or flasks, add 0.5 mL of HN@p gr 1.42) and  a violent reaction will occur, accompanied by high heat and
proceed as directed in 22.2 through 22.15. When determiningpattering.
dissolved cadmium, use 250-mL separatory funnels and pro- 22.12 Place the beaker on a hotplate set at low heat or on a
ceed as directed in 22.5 through 22.15. steam bath, and evaporate to near dryness. Remove beaker

21.3 Construct an analytical curve by reading concentrafrom heat and allow residual solvent to evaporate without
tions from the instrument software. Alternatively, read directlyfurther heating.
in concentration if this capability is provided with the instru- 22.13 Add 2 mL of HCI (1 + 2) to the beaker, and heat,
ments. while swirling for 1 min.
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22.14 Cool and quantitatively transfer the solution to a 25.4 It is the responsibility of the analyst to determine the
10-mL volumetric flask and adjust to volume with water. acceptability of this test method when analyzing other matri-
22.15 Aspirate each sample and record the scale readings ces.
concentrations at 228.8 nm.
26. Summary of Test Method
23. Calculation 26.1 This test method determines the total recoverable
23.1 Determine the weight of cadmium in each sample byconcentration of cadmium in water and wastewater. The same
referring to the analytical curve. Calculate the concentration ofligestion, sample preparation, and analysis procedure may be

cadmium in micrograms per litre as follows: used to determine total recoverable lead (Test Methods
Cadmium, pg/L= (1000/A x B D 3559) simultaneously with cadmium. o

26.2 The sample is digested with nitric acid in a polaro-
where: graphic cell: 0.2M ammonium citrate buffer (pH 3.0) and 10 %
A = volume of original sample, mL, and hydroxylamine solution are added. The solution is warmed to
B = weight of cadmium in sample, pg. dissolve the cadmium. Warming with hydroxylamine elimi-

o ) nates interference from ferric iron by reducing it to ferrous.

24. Precision and Bias® 26.3 After cooling, this sample is deaerated, and the cad-

24.1 The precision of this test method was tested by sevemium is deposited into a hanging mercury drop electrode with
laboratories in reagent water, river water, waste water, ground surface area of 1.5 to 3.0 mMnat a constant potential
water, tap water, lake water, and refinery effluent. The overalbf — 0.80 V versus saturated calomel electrode (SCE). The
precision of this test method, within its designated range, variesadmium is then stripped back into solution using the differ-
with the quantity being measured according to Table 2. ential pulse scanning mode, and the current is measured during

24.2 These data may not apply to waters of other matriceghe stripping step.
therefore, it is the responsibility of the analyst to ensure the 26.4 The stripping peak height is proportional to the con-
validity of the test method in a particular matrix. centration of the cadmium, and the stripping peak potential is

24.3 Precision and bias for this test method conforms t@ qualitative measure of the cadmium in solution.

Practice D 2777-77, which was in place at the time of

collaborative testing. Under the allowances made in 1.4 of [27. Interferences

2777-98, these precision and bias data meet existing require-27.1 Selenium does not interfere up to 50 pg/L. Interfer-
ments for interlaboratory studies of Committee D19 testences from selenium concentration up to 1000 pg/L may be

methods. overcome by adding ascorbic acid which reduces selenium
(IV) to selenium metal and eliminates the interference.

TEST METHOD C—DIFFERENTIAL PULSE 27.2 When ferric ions are present at levels greater than

ANODIC STRIPPING VOLTAMMETRY cadmium, interference may occur from oxidizing the deposited

metal out of the amalgam. Interference by ferric iron at

25. Scope concentrations as high as 20 mg/L is eliminated by warming

25.1 This test method describes the determination of cadwith hydroxylamine. Ferric ions are reduced to ferrous ions by
mium in water and wastewaters using differential pulse anodighe hydroxylamine, and the interference caused by the presence
stripping voltammetry. of iron is eliminated.

25.2 This test method is applicable up to a concentration of 27.3 The presence of a neighboring stripping peak which is
100 pg/L cadmium. Higher concentrations can be determined100 mV from that of cadmium will interfere.
by dilution.

25.3 The lower limit of detection for cadmium is 1.0 pg/L. 28. Apparatus

NoTe 11—The lower limit of detection for differential pulse anodic ~ 28.1 Polarographic Instrumentatiorcapable of performing
stripping voltammetry is not absolute and can easily be lowered bydifferential pulse work.
changing the experimental parameters as described in Appendix X1. 28.2 Hanging Mercury Drop Electrode®
However, these variations have not been interlaboratory tested. 28.3 Reagent Purifier Syster

TABLE 2 Determination of Bias and Precision for Cadmium by I —
Atomic Absorption, Chelation-Extraction “Two instruments that have been found satisfactory for this purpose are the
polarographic analyzer with mechanical drop timer, Model 174A, and the Houston

Amount Added, Amount s L s L % Bias gag?fﬂf:r:? Omnigraphic X-Y Recorder, Model 2200-3-3, available from Princeton Applied
pa/L Found, pg/l. =" HO o Hg 959% Leve’I Research, Princeton, NJ. Another instrument, the Charge Transfer Analyzer, Model
Reagent Water 3040, available from Environmental Sciences Associates (ESA), Bedford, MA, has
30 30.6 43 33 21 No also been found satisfactory for this purpose. For settings on ESA Model 3040
80 76.9 9.9 6.2 -39 No equivalent to those in 33.10, see ESA Application Note CTA-AN-1.
160 151.0 21.3 3.9 56 No 8 The hanging mercury drop electrode, Model 9323, or the automated hanging
Water of Choice mercury drop electrode, Model 314, manufactured by Princeton Applied Research,
30 28.9 7.0 45 -3.6 No have been found satisfactory for this purpose.
80 76.9 10.5 3.6 -3.9 No ° Both the Electrolyte Purification System, Model 9500, available from Princeton
160 152.7 19.7 9.1 -4.6 No Applied Research, and the PM Reagent Cleaning System, Model 2014, available

from ESA, have been found satisfactory for this purpose.
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28.4 Counter Electrodgplatinum. of the ammonium citrate buffer solution, after 10-min deaera-

28.5 Salt Bridge with slow leakage fritted glass ti{%,to  tion at 1¢ mm®min, gives a signal no more than 0.1 pA. See
isolate saturated calomel electrode from the test solution. Appendix X2 to learn methods of gas purification.

28.6 Magnetic Stirre—The magnetic stirrer used must have 29.12 Standard Solutiors-Obtain standard 100 mg/L ref-
a separate On/Off switch, so that uniform rotational speed caarence solution for cadmiuthor prepare from cadmium metal.
be maintained. A0.5-in. (13-mm) magnetic stirring bar is also 29.12.1 Cadmium Solution, StocklL mL =1.0 mg Cd)—

required. Dissolve 1.000 g cadmium metal in a minimum quantity of
28.7 pH Meter. HNO, (sp gr 1.42) and dilute to 1000 mL.
28.8 Hot Plate 29.12.2 Cadmium Solution, Standafd mL = 0.1 mg Cd)—
28.9 Micropipets incorporating disposable plastic tips are Dilute 100.0 mL of cadmium stock solution and 1 mL of HNO

used. The sizes required are 10, 20, 50, and 100 pL. (sp gr 1.42) to 1000 mL with water.

29. Reagents and Materials 30. Hazards

29.1 Purity of Reagents-The ammonium citrate solution  30.1 The liquid mercury used for the hanging mercury drop
and redistilled nitric acid are purified or purchased to contairelectrod& forms a toxic vapor, and the liquid itself is toxic.
less than 1 pg/L of cadmium. Handle with gloves in a ventilated hood.

29.2 Ammonium Citrate BufferDissolve 42 g of citric acid
in 800 mL of water and add enough ammonium hydroxide ta31. Calibration

bring the pH to 3.0+ 0.2. Dilute to 1000 mL with water and 37 1 After a differential pulse anodic stripping curve is run
place in the cell of the reagent purifier system. Purify for agn the sample solution, the anodic stripping curve is quanti-
minimum of 36 h at a potential of - 1.3 V versus SCE at atated using the technique of standard additions.
mercury pool working electrode. Deaerate the supporting 31 2 Prepare 100 mg/L stock solutions by diluting 5.00 mL
electrolyte during the purification process. If the buffer con-gf the cadmium standard solutions to 50.0 mL with HNO
tains less than 1 pg/L of cadmium, the purification step may b1 + 160). These can be stored for several weeks if kept in a
omitted, providing new buffer is prepared every 2 weeks. Theyjastic bottle.
electrolyzed buffer is stable against bacterial growth for at least 31 .3 prepare spiking solution by diluting 5.00 mL of the
1 month. cadmium stock solution to 50.0 mL with HNQ(1 + 160).
Note 12—To prevent bacterial growth in the unpurified buffer for a Prepare fresh daily. Alternatively, if lead is to be quantified too,
month, sterilize by autoclaving for 15 min at 121°C and 1:030° Pa (15 both metals may be added to a single spiking solution. The best
psi). procedure here is to prepare the spiking solution with each
29.3 Aqua Regia(l + 1)—Add 1 volume of nitric acid (sp Metal in the ratio expected in the sample. (Example: If lead is
gr 1.42) to 4 volumes of water. Then add 3 volumes oféxpected to be 5 times the cadmium, prepare a spiking solution
hydrochloric acid (sp gr 1.19)Warning—Toxic fumes may ~With lead and cadmiummia 5 to 1ratio).

be released. Prepare and use in a ventilated hood.) 31.4 Add an appropriate aliquot of the cadmium spiking
29.4 Ascorbic Acid (100 g/L)—Dissolve 10.0 g of Solution to the sample in the cell. Deaerate for 5 min a 10

L-ascorbic acid in reagent water and dilute to 100 mL. mnT/min to mix the solution and remove oxygen added with
29.5 Hydrochloric Acid(sp gr 1.19)—Concentrated hydro- the spike. _ o _

chloric acid (HCI). 31.5 Repeat the analysis procedure beginning with 32.8.
29.6 Hydroxylamine SolutiofiL00 g/L)—Dissolve 5.00 g of

hydroxylamine hydrochloride (NJOH-HCI) in reagent water 32 Procedure

and dilute to 50 mL. 32.1 Soak voltammetric cells (or digestion vessels) over-
29.7 Nitric Acid (sp gr 1.42)*—Redistilled concentrated night in concentrated HNQ and verify that the reagent blank

nitric acid (HNG;). is less than 1 pg/L for cadmium. Omit the soaking step if the
29.8 Nitric Acid (sp gr 1.42)—Concentrated nitric acid reagent blank of the unsoaked cells is less than 1 pg/L. Clean

(HNO,). other glassware with HNO (2 + 3). See Annex Al for a

29.9 Nitric Acid (1 + 160)—Add 1 volume of nitric acid to procedure to clean glassware.

160 volum_e_s of Water' . . Note 13—Soaking the cells of digestion vessels in aqua regia (1 + 1)

29.10 Nitric Acid (2 + 3)—Add 2 volumes of nitric acid, for 1 h improves blank values.
reagent gradeto 3 volumes of water.

29.11 Purified Nitroger—Nitrogen employed for deoxygen-
ation must be sufficiently oxygen-free so that a differential
pulse polarographic scan from —0.20 to — 0.80 V versus SCE Note 14—Concentrations greater than 100 pg/L of cadmium may be

determined by dilution.

32.3 Add 2.0 mL of redistilled HNQto each sample.

32.2 Place exactly 10.0 mL of a well-mixed sample con-
taining less than 100 pg/L of cadmium into the cell.

19A Wecor tip, available from Corning Glass Works, Corning, NY, has been
found satisfactory for this purpose.

1 Acids that may contain suitably low levels of cadmium (and lead) are the
redistilled reagents or equivalent available from G. Frederick Smith Chemical Co., *?Certified Atomic Absorption Standards, (Fisher Scientific Co., Fairlawn, NJ)
867 McKinley Ave., Columbus, OH 43223. have been found satisfactory for this purpose.
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32.4 Evaporate the samples without boiling on a hot plate or TABLE 3 Determination of Precision and Bias for Cadmium by

steam bath until the sample just reaches dryness (do not “bake” Differential Pulse Anodic Stripping Voltammetry
as this may cause losses due to volatilization). 32.3 and 32.4xmount Added. ~ Amount Statistically
. . ’ S, Hg/L So, HO/L % Bias Significant,
may be repeated if necessary for samples containing large  ugiL Found, ug/L 95 % Level
amounts of organic matter. Reagent Water
32.5 Cool, add 5.0 mL of ammonium citrate buffer, and 100 ;g ;3-2 ggg 132 +§-$ yo
. . . . R . . - O. es
HL of hydroxylamine solution. Warm the solution 15 min to 20 68.9 9.81 863 _8g No
reduce the ferric iron and to effect dissolution of the metals in Water of Choice
10 100 3.00 2.38 0.0 No
the buffer.
. . . 30 29.6 4.97 3.95 -13 No
32.6 Bring to volume of 10 to 12 mL with ammonium 70 591 9.09 787 13 No

citrate buffer (pH 3.0). The exact volume need not be knowrn
because the standard additions method will be used to quanti-
tate. where:
32.6.1 To overcome selenium at levels up to 1000 pg/L, adq -
1 mL of ascorbic acid. L
32.7 Deaerate for 10 min at 1&m¥min with an oxygen-
free stream of nitrogen. Vi
32.8 After deaeration is complete, extrude with the hangingc, concentration of standard used in spike, mg/L, and
mercury drop electrode a mercury droplet whose area is 1.5 t@C,, concentration of the unknown in the sample, mg/L.
3 mnt, as determined in Annex A% Turn on the magnetic ~ 33.2 The following is a sample calculation using this
stirrer and adjust the stirring rate so that the solution beneatbquation:
the mercury droplet is well stirred but there is no visible

stripping peak height for the sample,
stripping height for the sample plus standard,
volume of standard taken for spiking,

volume of sample before digestion,

movement of the mercury droplet. The stirrer is turned on 15 s ' = 0459
prior to deposition to assure uniform rotational speed. A, =124
32.9 Connect the cell. Deposit at — 0.80 V versus SCE for A,=0.02
exactly 2 min, switch off stirrer, and wait exactly 30 s before V =10.0 mL
beginning the scan. The quiescent period between deposition C, = 10.0 mg/L
and scan allows convection to cease. °
(0.459(0.02(10)

32.9.1 Annex A3 gives typical stripping curve shapes, peak
potential, and sensitivities (in pA/5 pg/L) for cadmium depos-
ited into a mercury droplet with a 2.9-nfrarea for 2 min with 34, Precision and Bias*4
stirring plus 30 s without stirring.

32.10 The following typical settings are for polarographic
instrumentation capable of performing differential pulse work:
electrode, hanging mercury drop electrode (area 1.5 to mm
initial potential, — 0.80 V versus SCE; scan rate, 5 mV/s; sca
direction, “ + ”; modulation amplitude, 25 mV; current range, 1
to 20 PA; drop time, 0.5 s; display direction,“~"; low pass
filter, off, mode, differential pulse; deposition time, 2 min with
stirring plus 30 s quiescent; scan range, stop — 0.20 V.

32.10.1 The linearity of this test method has been tested u
to currents of 20 pA. If the sample gives stripping peaks with
currents larger than 20 YA, one may decrease the depositi
time (see Appendix X1), although this technique has not bee
interlaboratory tested. The recommended procedure is to dilu
the sample and proceed as in 32.2 through 32.10.

32.11 To obtain a blank, place exactly 10.0 mL of Type IV
water into the cell and proceed as in 32.2 through 32.10.

Cu= T24002 + (1.24— 0459710 _ 0-01172mg/lL

34.1 Precision—The overall and single-operator precisions
(standard deviationsS; and S,, respectively) of this test
method within its designated range for cadmium in reagent
water and selected water matrices vary in accordance with
Table 3. Eight operators from seven laboratories participated in
this study by determining three replicates at each concentration
level.

34.2 Bias—The bias of this test method for cadmium is
listed in Table 3. It is the user’'s responsibility to ensure the
alidity of this test method for waters of untested matrices.

34.3 Precision and bias for this test method conforms to

ractice D 2777-77, which was in place at the time of
ollaborative testing. Under the allowances made in 1.4 of D

77-98, these precision and bias data meet existing require-
ments for interlaboratory studies of Committee D19 test
methods.

TEST METHOD D—ATOMIC ABSORPTION,

33. Calculation GRAPHITE FURNACE

33.1 Calculate the concentration of cadmium determined by

the standard addition procedure as follows: 35. Scope
B i,vC, 35.1 This test method covers the determination of dissolved
Cu= v+ (i, — i)V and total recoverable cadmium in most waters and wastewa-
ters.

B with the Model 9323 hanging mercury drop electrode manufactured by————————————
Princeton Applied Research, a mercury droplet with suitable surface area is formed #Supporting data are available from ASTM International Headquarters. Request
by rotating the micrometer six small vertical divisions. RR: D19-1047.
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35.2 This test method is applicable in the range from 2 to 10 38.5 Pipets microlitre with disposable tips. Sizes may range
pg/L of cadmium, based on a 20-uL sample size. The range cdrom 1 to 100 uL, as required.
be increased or decreased by varying the volume of sample 38.6 Data Storage and Reduction Devices and Computer-
injected or the instrumental settings. High concentrations magnd Microprocessor-Controlled Devices, or strip chart Record-
be diluted, or should be analyzed by an alternate technique.ers shall be utilized for collection, storage, reduction, and
35.3 The precision and bias for this test method has beeproblem recognition (such as drift, incomplete atomization,
obtained on reagent water, tap water, waste treatment plashanges in sensitivity, etc.).
effluent, lake water, river water, condensate from a medium Btu 38.7 Automatic Samplingshould be used.
coal-gasification process, well water, and production plan% .
process water. It is the responsibility of the analyst to deter39- Reagents and Materials
mine the acceptability of this test method when analyzing other 39.1 Cadmium Solution, Stogd.0 mL = 1.0 mg Cd)—See
matrices. 11.1.
35.4 The analyst is encouraged to consult Practice D 3919 39.2 Cadmium Solution, Intermediafé.0 mL = 10.0 pg)—
for a general discussion of interferences and sample analysidilute 10.0 mL of cadmium solution, stock (39.1), and 1 mL of
procedures for graphite furnace atomic absorption spectrophdiNO; (sp gr 1.42) to 1 L with water.

tometry. 39.3 Cadmium Solution, Standarl.0 mL =0.10 pg)—
Dilute 10.0 mL of cadmium solution, intermediate (39.2), and
36. Summary of Test Method 1 mL of HNO; (sp gr 1.42) to 1 L water. This standard is used

36.1 Cadmium is determined by an atomic-absorption sped© Prepare working standards at the time of the analysis.
trophotometer used in conjunction with a graphite furnace. A 39-4 Nitric Acid (sp gr 1.42)—Concentrated nitric acid
sample is placed in a graphite tube, evaporated to drynes§NOa)- (See Note 3.) _ _
charred (pyrolyzed or ashed), and atomized. Since the graphite 39-> Argon standard, welders grade, commercially avail-
furnace uses the sample much more efiiciently than flam@Pl€. Nitrogen and hydrogen may also be used if recommended
atomization, the detection of low concentrations of elements if?Y the instrument manufacturer.
small sample volumes is possible. Finally, the absorption signajg  standardization
during atomization is recorded and compared to standards. A 40.1 Initiallv. set the instrument in accordance with the
general guide for the application of the graphite furnace is : y e ; .
given in Practice D 3919 manufacturer’'s specifications. Follow the general instructions

: N : . as provided in Practice D 3919.

36.2 Dissolved cadmium is determined on a filtered sampl
with no pretreatment. 41. Procedure

3(?3 Tottal reczv?lrtabtlg cagmlum IS rc]jletg(;mmg? f?llowm_? 41.1 Clean all glassware to be used for preparation of
?C' Igeston dan If ra '03' .ecaltﬁe c Ol‘lf ﬁsd'n err“erg wi .’%tandard solutions or in the digestion step, or both, by rinsing
urnacehlprqce g(;e; or cg_ mu:.m, edusei ob'l' y froc torlc.actzl rst with HNO; (1 + 1) and then with water. Alternatively,
or perchioric acid in any digestion and solubilization Step 1S .Osoaking the glassware overnight in (1 + 1) HN® useful for
be avoided. If suspended material is not present, this dlgestlo&d ;

oo : mium.
and filtration may be omitted.
Note 17—Due to the extreme sensitivity of this test method, reagents
37. Interferences and glassware must be examined for excessive cadmium contamination.
37.1 For a complete discussion on general interferences 41.2 Measure 100.0 mL of each standard and well-mixed

with furnace procedures, the analyst is referred to Practiceample into a 125-mL beaker or Erlenmeyer flask.

D 3919. 41.3 For total recoverable cadmium add 5 mL HN®p gr
1.42) to each standard sample and proceed as directed in 41.4
38. Apparatus through 41.6. If only dissolved cadmium is to be determined,

filter the sample through a 0.45-um membrane filter and
proceed to 41.6.

41.4 Heat the samples at 95°C on a steam bath or hotplate
Note 15—A wavelength of 326.1 nm may be used if it has beenin a well-ventilated fume hood until the volume has been

determined to be suitable. Greater linearity may be obtained at highequced to 15 to 20 mL making certain that the samples do not
concentrations by using a less sensitive wavelength. boil. (See Note 5.) '

Note 16—The manufacturer’s instructions should be followed for all
instrumental parameters.

38.2 Cadmium Light Souree-Cadmium hollow cathode
lamp. A single element lamp is preferred, but multielemen
lamps may be used. Electrodeless discharge lamps have als
been found to be satisfactory. Nore 18—If suspended material is not present, this filtration may be

38.3 Graphite Furnace capable of reaching temperatures °mitted.
sufficient to atomize the element of interest. 41.6 Inject a measured aliquot of sample into the furnace

38.4 Graphite Tubescompatible with furnace device. Py- device following the directions as provided by the particular
rolytically coated graphite tubes are recommended. instrument manufacturer. Refer to Practice D 3919.

38.1 Atomic-Absorption Spectrophotomettar use at 228.8
nm with background correction.

41.5 Cool and filter the sample through a suitable filter such
as fine-textured, acid-washed, ashless paper, into a 100-mL
volumetric flask. Wash the filter paper 2 or 3 times with water
gd bring to volume.
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42. Calculation 44.3.1 If alaboratory has not performed the test before, or if
42.1 Determine the concentration of cadmium in eactn€re has been a major change in the measurement system, for
sample by referring to Section 12 of Practice D 3919. example, new analyst, new instrument, etc., a precision and
bias study must be performed to demonstrate laboratory
43. Precision and Bias capability.

43.1 The precision and bias of this test method was tested 44.3.2 Analyze seven replicates of a standard solution
by 16 laboratories in reagent water, and 12 laboratories in taprepared from an Independent Reference Material containing a
water, water treatment plant effluent, lake water, river watermid-concentration range of cadmium. This level will vary
condensate from a medium Btu coal gasification process, wetlepending on which test method is used. The matrix and
water, and production plant process water. Although multiplechemistry of the solution should be equivalent to the solution
injections may have been made, the report sheets allowed onlysed in the collaborative study. Each replicate must be taken
for reporting single values. Thus, no single-operation precisiohrough the complete analytical test method including any
data can be calculated. The overall precision within its desigsample preservation and pretreatment steps. The replicates may
nated range varies with the quantity being tested in accordandse interspersed with samples.

with Table 4. ~ 44.3.3 Calculate the mean and standard deviation of the
43.2 These data may not apply to waters of other matriceseven values and compare to the acceptable ranges of bias
therefore, it is the responsibility of the analyst to ensure thgnTables 1-4 above. This study should be repeated until the
validity of the test method in a particular matrix. single operator recoveries are within the limits given in the
43.3 Precision and bias for this test method conforms tqaple above. If a concentration other than the recommended
Practice D 2777-77, which was in place at the time ofconcentration is used, refer to Test Method D5847 for infor-
CO”aboratiVe teSting. Under the a”OWanceS made in1.4 Of Dnation on app|y|ng the F test and t test in eva'uating the
2777-98, these precision and bias data meet existing requirgcceptabimy of the mean and standard deviation.
ments for interlaboratory studies of Committee D19 test 44.4 Laboratory Control Sample (LCS)

methods. L
44.4.1 To ensure that the test method is in control, analyze

44. Quality Control a LCS containing a mid-range concentration of cadmium with

0each batqh or 10 samples. If large numbers of samples are
using this test method are valid and accurate within th nalyzed in the batch, analyze the LCS after every 10 samples.
confidence limits of the test, the following QC procedures must he LCS must be taken through all of the steps of the analytical

; : ethod including sample preservation and pretreatment. The
pe tollowed when analyzing cadmium by any of these testocult obtained for the LCS shal fall withire 15 % of the

known concentration.
Note 19—44.6 is unnecessary for method C since the method is 44 4.2 |f the result is not within these limits, analysis of
performed as standard additions. samples is halted until the problem is corrected, and either all
44.2 Calibration and Calibration Verification the samples in the batch must be reanalyzed, or the results must
44.2.1 Analyze at least three working standards containinge qualified with an indication that they do not fall within the
concentrations of cadmium that bracket the expected samplserformance criteria of the test method.
concentration prior to analysis of samples to calibrate the 44 5 Method Blank
instrument.
44.2.2 Verify instrument calibration after standardization byT

44.1 In order to be certain that analytical values obtaine

44.5.1 Analyze a reagent water test blank with each batch.
analvzing a standard at the concentration of one of th he concentration of cadmium found in the blank should be
Alyzing L fess than 0.5 times the lowest calibration standard. If the
calibration standards. The results shall fall within 10% of the . S . .
o concentration of cadmium is found above this level, analysis of
results from the calibration. . . N
4423 If calibration cannot be verified recalibrate thesamples is halted until the contamination is eliminated, and a
instrﬁrﬁent ' blank shows no contamination at or above this level, or the
44.3 Initial Demonstration of Laboratory Capability results must be qualified with an indication that they do not fall

within the performance criteria of the test method.
44.6 Matrix Spike (MS)

TABLE 4 Determination of Bias, Cadmium Graphite Furnace

Atomic Absorption 44.6.1 1 To check for interferences in the specific matrix
Statistically being tested, perform a MS on at least one sample from each
Arount Amourt Bias, % Significant batch by spiking an aliquot of the sample with a known
Hg/L ug/L Kol Bias gg’n"fecl_c;':/fe'ﬂ concentration of cadmium and taking it through the analytical
Reagent Water, Type Il method.
1.30 1.400 1490 +0.100  +7.7 no 44.6.2 The spike concentration plus the background concen-
2.50 2.544 0.257 +0.044 +1.8 no . . . . .
6.00 6.520 1.990 +0520 187 no tration of cadmium must not exceed the high calibration
Water of Choice standard. The spike must produce a concentration in the spiked
1.30 1583 1293 +0233  +17.9 no sample 2 to 5 times the analyte concentration in the unspiked
2.50 2.191 1.347 - 0.309 -124 no . . .
6.00 6690  3.078 +0690  +115 ves sample, or 10 to 50 times the detection limit of the test method,

whichever is greater.
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44.6.3 Calculate the percent recovery of the spike (P) using 44.7.1 To check the precision of sample analyses, analyze a

the following formula: sample in duplicate with each batch. If the concentration of the
P =100 [A(V, + V) — B V] analyte is less than five times the detection limit for the analyte,

cV (1)  an MSD should be used.
where 44.7.2 Calculate the standard deviation of the duplicate

values and compare to the appropriate precision data in the
A = Analyte Concentration (pg/L) in Spiked Sample collaborative study using an F test. Refer to 6.4.4 of Test

B = Analyte Concentration (ug/L) in Unspiked Sample  Method D 5847 for information on applying the F test.

C = Concentration (ug/L) of Analyte in Spiking Solution 44.7.3 If the result exceeds the precision limit, the batch

V¢= Volume (mL) of Sample Used must be reanalyzed or the results must be qualified with an

V = Volume (mL) added with Spike ~ indication that they do not fall within the performance criteria
44.6.4 The percent recovery of the spike shall fall within thegf the test method.

limits based on analyte concentration listed in Guide D 5810, 44.8 Independent Reference Material (IRM)

Table 1. If the percent recovery is not within these I|m|tS, a 44.8.1 In order to Verify the quantitative value produced by
matrix interference may be present in the sample selected fqpe test method, analyze an IRM submitted as a regular sample
spiking. Under these circumstances, one of the followingif practical) to the laboratory at least once per quarter. The
remedies must be employed: the matrix interference must bgoncentration of the reference material should be in the middle
removed, all samples in the batch must be analyzed by a tegt the concentration range of the specific test method chosen.

method not affected by the matrix interference, or the resultshe value obtained must fall within the control limits estab-
must be qualified with an indication that they do not fall within jished by the laboratory.

the performance criteria of the test method.

Note 20—acceptable spike recoveries are dependent on the concentrd®. Keywords
tion of the component of interest. See Guide D 5810 for additional 45.1 atomic absorption; cadmium; chelation; differential
information. pulse anodic stripping; flame; graphite furnace; voltammetry;
44.7 Duplicate water

ANNEXES
(Mandatory Information)

Al. PROCEDURE TO CLEAN GLASSWARE

Al1.1 Leach the voltammetric cells in concentrated HNO Al.2 After the leaching period, rinse the glassware with
for at least 24 h prior to use. During the leaching period for thereagent water and place in an oven to dry. Exclude the oven
cells, fill other glassware with the HNQ2 + 3), cover by a drying step for the platinum wire and outgassing tube. Clean
sheet of plastic filnt® to prevent contamination by trace metals the reference electrode salt bridge tube initially by soaking for
in atmospheric particles, and soak for at least 24 h. Clean al!4 h with HNGQ; (2 + 3) but thereafter keep it immersed in a
glassware that may contact the sample solution. This includesmall amount of the purified buffer solution. Again, use plastic
the voltammetric cells, digestion beakers, stirring bars, platifilm *° to cover any areas that might tend to accumulate dust.

num wire, and outgassing tubes. For very low-level determi-

nations leach instead in aqua regia (1 + I) ch prior to use. Al.3 Remember when performing trace analyses that any
solution or any equipment which is left open to the air can

become contaminated by the trace metals from atmospheric
15 parafilm available from Fisher Scientific Co., Fairlawn, NJ, has been foundpart_mles- Care ShOU|d_ be. taken to prevent this from happenmg
satisfactory for this purpose. by liberal use of plastic film.

A2. DETERMINATION OF HANGING MERCURY DROP AREA

A2.1 Place 4 mL of water into a 5-mL beaker and submerge A2.4 Obtain the weight of the beaker plus the mercury
a hanging mercury drop electrode (HMDE) capillary tip under(W;).
the surface of water.

A2.2 Extrude and dislodge 10 drops from HMDE into the
5-mL beaker.

A2.5 Discard the mercury and obtain the weight of the
beaker(Wsg).

A2.3 Decant the water and rinse with three 3-mL portions A2.6 Calculate the mercury drop area (assuming a spherical
of acetone. drop) as follows:

10
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A2.6.1 WHg = (W, — Wg)/10 = weight of a single mercury A2.6.3
drop.

A2.6.2 Obtain the density of mercury at room temperature,
pHg, from the following table. If the room temperature used is A2.7 Sample Calculation:

Area of Hg drop= 4 m (3W,/4mpy,) >/

gost “'f;i?ehreerf%rggg eths% dir;sny at the correct temperature from W, = 0.006228 for 1 Hg drop
ui urce.
Temperature, °C pHg, g/mL*® Area of 1 Hg drop= 4 (3(0.006228 g 2/3
20 135462 47(0.0135438 g/mn)
21 13.5438 _ ~1,2/3
2 135413 = 12.566361.0978% 10 )
23 13.5389 — 2881 mmz
Temperature,°C pHg, g/mL
;g ig-gg% A2.8 Tabulated here are typical surface areas for each small
26 135315 vertical division on a manually operated hanging mercury drop
27 13.5291 electrodé®
28 13.5266 Reading, Small Vertical
29 D Surface Area, mm? Division
30 13.5217 Lao )
1.86 3
2.23 4
2.60 5
16 Reproduced fromHandbook of Chemistry and Physic$4th edition, The ggg 3

Chemical Rubber Publishing Co., Cleveland, OH, 1963, p. 2199.

A3. VOLTAMMOGRAM

A3.1 The voltammogram shown in Fig. A3.1 gives typical droplet with a 2.9-mnt area for 2 min with stirring plus 30 s
stripping curve shapes, peak potentials, and sensitivities (in pvithout stirring.
per 5 pg/L) for cadmium and lead deposited into a mercury

DIFFERENTIAL PULSE ANODIC STRIPPING
VOLTAMMETRY OF Sppb Cd ond Pb IN
02 M AMMONIUM CITRATE, pH 3

A = BLANK CURVE
B = SAMPLE CURVE

|

SIGNAL

0.101 uA/5 ug/L Cd 0.050 uA/ 5 ug/L Pb

09 08 -07 -06 -05 -04 -03 -02
POTENTIAL [E vs SCE]
FIG. A3.1 Differential Pulse Anodic Stripping Voltammetry

11
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APPENDIXES
(Nonmandatory Information)

X1. THE SENSITIVITY OF DIFFERENTIAL PULSE ANODIC STRIPPING VOLTAMMETRY

X1.1 The sensitivity of DPASV is dependent upon a X1.5 One may also change the gain on the instrument to
number of factors and thus can be varied if so desired. Thémprove the sensitivity. The highest gain that can be used in
experimental conditions chosen for this work are those that arghis experiment gives a current of 0.1 pA/in. This gain can be
best suited for the concentration range covered by the sampl@screased by a factor of 2 to 5, and sensitivity is increased by
which were analyzed. Experimental settings that can be varieg corresponding amount. When using the higher gain on the
to improve the sensitivity include: hanging mercury dropinstrument, it should be noted that the current at the beginning
electrode size, deposition time, modulation amplitude, instruyf the deposition may be well above the limiting value and the
ment gain, and stirring rate. instrument overload light will be on. This does not mean the

X1.2 The size of the mercury drop can be decreased t§strument is malfunctioning and the experiment can be
increase the sensitivity of this method. The recommended!lowed to proceed as planned. It may also be necessary to use
mercury droplet size is six divisions (see Annex Al), butoffset to bring the curves on scale because, without the offset,
mercury droplets of eight divisions can be us&droplets the d-c current may be larger than the maximum current which
larger than this are not practical because they are very easithe recorder will accept at thatparticular gain setting.
dislodged from the capillary.

X1.6 The final procedure that increases the sensitivity is to

X1.3 The sensitivity of DPASV is variable over a wide . h f stirring duri he d o Th
range by increasing the deposition time. A deposition time of 2'C'€ase the rate of stirring during the deposition step. The
aximum stirring rate that is practical depends on the kind of

min is chosen for the concentration range investigated becaus&
this time gives adequate sensitivity in a reasonable length ditirrer and the geometry of the cell.

time. The use of deposition times as long as 30 min has been ) o )

reported in the literature when detection limits below 0.1 pg/L  X1.7 The variable sensitivity is one of the major advan-

(ppb) were required. When sensitivity such as this is requiredages of differential pulse anodic stripping voltammetry. The
the additional time required is well spent. sensitivity can be conveniently increased or decreased to meet
. e the needs of the experiment by changing the deposition time,

Ia 29(2}4pﬁggtrﬁg&?&ﬁ:ﬁrg;%;mggge 't:r;? iiggg;"zf'fzfgnliéﬁmercury.droplet sjze, instrument gain, stirring rate, and pulse

pulse polarographic instrumentatidn.the pulse modulation modl_JI_ayon amplitude. However, no factO.r that affects the
sensitivity should be changed between the time the sample and

amplitude may be increased to 50 mV with no significant loss ",
of resolution. spiked sample are analyzed.

X2. METHODS FOR REMOVING OXYGEN FROM NITROGEN GAS

X2.1 Remove oxygen from nitrogen by any one of a varietytechnique because of the critical dependence of the scrubbing
of techniques. It is recommended that the nitrogen be scrubbegfficiency on the acid concentration. Note that several com-
with 0.1 M chromous chloride in 2.4M HCI containing mercial systems are available for removing oxygen at room
amalgamated zint’ with a 0.8 to 3.2-mm pore siZ€ or be  temperaturé® or at high temperature$®
scrubbed with vanadous chloridé which is a less suitable

1% One system that has been found satisfactory for this purpose is available from
Applied Science Laboratories, State College, PA. It removes oxygen at room
17 Meites, L., Polarographic Techniques2nd edition, Interscience Publishers, temperature with a Dow gas purifier preceded by a Hydro-Purge Unit.
New York, NY, 1967, pp. 89-90. 20 Hewlett-Packard, Avondale, PA, Model 19046A gas purifier uses a furnace at
18 Amalgamated zinc with a pore size of 0.8 to 3.2 mm for a Jones reducto’75°C that is packed with copper, and Supelco (Bellefonte, PA) Model 02-2315 gas
(Fisher Scientific Co., Fairlawn, NJ) has been found satisfactory for this purposepurifier uses a furnace at 600°C containing a special catalytic converter.

12
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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