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Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Methods for
Lead in Water 1

This standard is issued under the fixed designation D 3559; 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 epsilonej indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope D 1068 Test Methods for Iron in Watér

1.1 These test methods cover the determination of dissolved D 1129 Terminology Relating to Watér _
and total recoverable lead in water and waste water by D 1192 Specification for Equipment for Sampling Water

atomic-absorption spectrophotometnand differential pulse and Steam in Closed Conduits
anodic stripping voltammetry. Four test methods are included D 1193 Specification for Reagent Wafer
as follows: D 1687 Test Methods for Chromium in Water
Concentration D 1688 Test Methods for C_opp_er in Wafer
Range Sections D 1691 Test Methods for Zinc in Watér
Test Method A—Atomic Absorption, Direct 1.0 to 10 mg/L 7 to 15 D 1886 Test Methods for Nickel in Watér
Test Method B—Atomic Absorption, 100 to 1000 pg/L 16 to 24 . .
Chelation-Extraction D 337%) Practices for Sampling Water from Closed Con-
Test Method C—Differential Pulse Anodic 1 to 100 pg/L 2510 35 duits
Stripping Voltammetry _ D 3557 Test Methods for Cadmium in Water
Test Method D—Atomic Absorption, 5 to 100p g/L 36 to 44 D 3558 Test Methods for Cobalt in Watdr

Graphite Furnace . . i
D 3919 Practice for Measuring Trace Elements in Water by

1.2 Test Method B can be used to determine lead in brines. Graphite Furnace Atomic Absorption Spectrophotomatry
Test Method D has been used successfully with reagent water, b 4841 Practice for Estimation of Holding Time for Water

Iake_water, well water_,_filte_red tap water, condensate from a Samples Containing Organic and Inorganic Constitunts
medium Btu coal gasification process, waste treatment plant ¢ gq practice for Photometric and Spectrophotometric

effluent, and a production plan_t process water. o Methods for Chemical Analysis of Metats
1.3 Itis the user's responsibility to ensure the validity of £ >75 practice for Describing and Measuring Performance
these test methods for waters of untested matrices. of Ultraviolet, Visible, and Near Infrared Spectrophotom-

1.4 This standard does not purport to address all of the o5
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-3. Terminology
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use-or specific hazards

;’;&\;en;;n{%, Z%ezllo '4'1(’1 l;lftle 2,112, 11.3, 20.7, 20.8, 20. '3.2 total recoverable lead-an arbitrary analytical term
My ee 2D, 90.e L, an " relating to the recoverable forms of lead that are determined by
2. Referenced Documents the digestion method which are included in the procedure.

2.1 ASTM Standards:

D 858 Test Methods for Manganese in Water 4. Significance and Us.e . )
D 1066 Practice for Sampling Stedm 4.1 The test for lead is necessary because it is a toxicant and

because there is a limit specified for lead in potable water in the
National Interim Primary Drinking Water Regulations. This
! These test methods are under the jurisdiction of ASTM Committee D-19 ontest serves to determine whether the lead content of potable

Water and are the direct responsibility of Subcommittee D19.05 on Inorganiqygter is above or below the acceptable limit.
Constituents in Water.

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

Current edition approved Feb. 10, 1996. Published May 1996. Originally5 Purity of R t
published as D 3559 — 77. Last previous edition D 3559 — 95. - Furity o eagents

?Platte, J. A., and Marcy, V. M., “A New Tool for the Water Chemishtiustrial 5.1 Reagent grade chemicals shall be used in all tests.

Water EngineeringMay 1965. Lo s
Brown, E., Skougstad, M. W., and Fishman, M. J., “Methods for Collection andUnIeSS otherwise mdlcated’ itis intended that all reagents shall

Analysis of Water Samples for Dissolved Minerals and Gas@&eg¢hniques of

Water-Resources Investigations of the U. S. Geological SuB@yk 5, Chapter, ———————————

1970, p. 115. 4 Annual Book of ASTM Standardgol 03.05.
3 Annual Book of ASTM Standardgol 11.01. 5 Annual Book of ASTM Standardgol 03.06.
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b D 3559

conform to the specifications of the Committee on Analytical 9.2 High concentrations of calcium, such as those connected
Reagents of the American Chemical SociétPther grades with the coal industry, will give lead concentrations higher than
may be used, provided it is first ascertained that the reagent ighich actually exist. This can be corrected by using a back-
of sufficiently high purity to permit its use without lessening ground correction technique, or by the chelation-extraction
the accuracy of the determination. procedure (Test Method B).

5.2 Unless otherwise indicated, references to water shall be 9.2.1 The equipment manufacturer’s instructions for use of
understood to mean reagent water conforming to Specificatiogpecific correction technique shall be followed.
D 1193, Type |. Other reagent water types may be used
provided it is first ascertained that the water is of sufficiently10- Apparatus
high purity to permit its use without adversely affecting the 10.1 Atomic Absorption Spectrophotometiar use at 283.3
bias and precision of the test method. Type Il water wasim.

specified at the time of round-robin testing of this test method. Note 1—The manufacturer’s instructions shall be followed for all

6. S l instrumental parameters. Wavelengths other than 283.3 nm may be used if
- Sampling they have been determined to be equally suitable.
6.1 Collect the samples in accordance with Practice D 1066, 10.2 Lead Light Source hollow-cathode lamps or
Specification D 1192, and Practices .D 3370, as applicable. electrodeless-discharge lamps have been found satisfactory.
6.2 Samples shall be preserved with HN@Gp gr 1.42) to a 10.3 Oxidant
pH of 2 or less immediately at the time of collection, normally 1 3 1 Ajr, which has been passed through a suitable filter to

about 2 mL/L of HNQ. If only dissolved lead is t0 be \on6ye oil, water, and other foreign substances, is the usual
determined, the sample shall be filtered through a 0.45-prgqant.

membrane filter before acidification. 10.4 Fuel

TEST METHOD A—ATOMIC ABSORPTION, 10._4.1 Acetylene-Standard, commercially availqble acety-
DIRECT Ien.e is the usual fuel. Acgtone, always pres&_ant in acetylene
cylinders, can affect analytical results. The cylinder should be
7. Scope replaced at 50 psig (345 kPa).

10.4.1.1 Warning—"Purified” grade acetylene containing a

21 ;I'rlus test met;tlhold C((j)v_ers th? dettermlnaélon 0{ d'sstowegpecial proprietary solvent rather than acetone should not be
and totai recoveravle jead In most waters and waslewaters. | oo 4 \yith poly(vinyl chloride) tubing as weakening of the

7.2 The test methad IS apphcable In thg range f“’”f‘ 1.0to 1Sin‘/alls can cause a potential hazardous situation.
mg/L of lead. The upper limits of detectability can be increase 10.5 Pressure-Reducing ValvesThe supplies of fuel and

to nc1:o|ncentrat|ons greater than 10 mg/L by dilution of theoxidan'[ shall be maintained at pressures somewhat higher than
sample. the controlled operating pressure of the instrument by suitable

8. Summary of Test Method valves.

8.1 Lead is determined by atomic absorption spectrophoil. Reagents
tometry. Dissolved lead is Qetermlngd by aspirating the filtered 17 ¢ Hydrochloric Acid(sp gr 1.19)—Concentrated hydro-
and preserved sample dlr_ectly with no pretreatment. Totakhioric acid (HCI).
recoverable lead is determined by aspirating the sample fol-
|0W|ng hydrochlorlc_nltrlc aC|d dlgestlon and flltratlon The Note 2—If the reagent blank concentration is greater than the method
same digestion procedure may be used to determine tOt%FteCtion limit, distill the HCl or use a spectrograde a€idution—When

. . Cl is distilled, an azeotropic mixture is formed (approximate 6ICl
recoverable cadmium (Test Methods D 3557), chromium (Te% formed). Therefore, whenever concentrated HCI is used in the prepa-

Methods D 1687), C_Oba|t (Test Methods D 3558), copper (TeSfytion of a reagent or in the procedure, use double the volume specified if
Methods D 1688), iron (Test Methods D 1068), manganesaistilled HCl is used.
(Test Methods D 858), nickel (Test Methods D 1886), and zinc 11.2 Lead Solution, Stockl mL = 1 mg lead)—Dissolve

(Test Methods D 1691). 1.5999 g of lead nitrate (Pb (N&) in a mixture of 10 mL of
HNOg(sp gr 1.42) and 100 mL of water. Dilute to 1 L with

9. Interferences . ) .
) ) . water.Warning—Lead salts are toxic. Handle with care and
9.1 Other metals usually do not interfere in the determinas,iqg personal contamination.

tion of lead by increasing or decreasing the amount of absorbed 11 3 | ead Solution Standard (1 mL=0.1 mg lead)—
radiation. The most common interference is caused by @jute 100.0 mL of stock lead solution to 1 L with
chemical reaction in the flame that prevents conversion of thﬁNO3(1 +499). Store all solutions in polyethylene bottles.
lead to the atomic state. Warning—Lead salts are toxic. Never pipet by mouth. Pipet
with the end of a suction device or employ other conventional
®Reagent Chemicals, American Chemical Society Specificatismerican means of quantitative measurement.

Chemical Society, Washington, DC. For suggestions on the testing of reagents not 11.4 Nitric Acid (Sp ar 1-42)_C0ncentrated nitric acid

listed by the American Chemical Society, s@aalar Standards for Laboratory (HNO3).
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia S
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, ~ Note 3—If the reagent blank concentration is greater than the method

MD. detection limit, distill the HNQ or use a trace meﬁmm ents
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filb D 3559
11.5 Nitric Acid (1 + 499)—Add 1 volume of HNQ(sp gr TABLE 1 Determination of Bias, Direct
1.42) to 499 volumes of water. A Statistically
mount Amount Lo
. X Added, Found, St Sor Bias, % Slgnlﬂcantl
12. Standardization mg/L mo/L mg/L mg/L (95 % Confi-
dence Level)
12.1 Prepar_e 100 mL each of a blank and at least foyr Reagent Water, Type Il
standard solutions to brackgt the expected lead concentration—; 1oL 0.08 0oa 100 p”
range to be analyzed by diluting the lead standard solution ¢ 6.01 0.28 0.14 +0.17 no
(11.3) with HNQ;(1 + 499). Prepare the standards each time 8 8.02 0.34 0.14 +0.25 no
the test is to be performed. Selected Water Matrices
12.2 When determining total recoverable lead, add 0.5 mL 1 1.00 0.00 0.06 0.00 no
of HNOg(sp gr 1.42) to each blank and standard solution and g g;é 8-;2 8-;2 ’_f(l)-fg ):23

proceed as directed in 13.2 through 13.4. After the digestion of
the blank and standard solutions has been completed in 13.4,
return to 12.3 to complete the standardization for total recov-
erable determinations. When determining dissolved lead, pro-
ceed with 12.3. , TEST METHOD B—ATOMIC ABSORPTION,
12.3 Aspirate the blank and standards and record the instru- CHELATION-EXTRACTION
ment readings. Aspirate HN{ + 499) between standards.
12.4 Prepare an analytical curve by plotting the absorbances. Scope
versus the concentration for each standard on linear graph
paper. Alternatively, read directly in concentration if this
capability is provided with an instrument.

15.3 These data may not apply to waters of other matrices.

16.1 This test method covers the determination of dissolved
and total recoverable lead in most waters and brines.

16.2 This test method is applicable in the range from 100 to
1000u g/L of lead. The range may be extended upward by

13. Procedure o
dilution of the samples.

13.1 Measure 100.0 mL of a well-mixed acidified sample

into a 125-mL beaker or flask. 17. Summary of Test Method
Note 4—If only dissolved lead is to be determined, start with 13.5. 17.1 Lead is determined by atomic absorption spectropho-
13.2 Add 5 mL of HCI (sp gr 1.19) to each sample. tometry. The element, either dissolved or total recoverable, is

13.3 Heat the samples on a steam bath or hot plate in ghelated with pyrrolidine dithiocarbamic acid and extracted

well-ventilated hood until the volume has been reduced to 14Vith chloroform. The extract is evaporated to dryness, treated
resulting solution is then aspirated into the air-acetylene flame
Note 5—For samples having appreciable amounts of suspended mattgff the spectrophotometer. The digestion procedure summarized
o dissolved matter, the amount of reduction in volume is left to the;, g 1 s ysed for total recoverable lead. The same chelation-
iscretion of the analyst. . .

_ ) _extraction procedure may be used to determine total recover-

13.4 Cool and filter the samples through a suitable filteraple cadmium (Test Methods D 3557), cobalt (Test Methods
such as fine-textured, acid washed, ashless paper, into 100-n-3558) copper (Test Methods D 1688), iron (Test Methods

volumetric flasks. Wash the filter paper two or three times withp 1068), nickel (Test Methods D 1886), and zinc (Test Meth-
water and adjust to volume. ods D 1691).

13.5 Aspirate each filtered and acidified sample and deter-
mine its absorbance or concentration at 283.3 nm. Aspirate8. Interferences
HNO4(1 + 499) between samples. 18.1 See Section 9.

14. Calculation 19. Apparatus

.1.4‘1 Calcula’ge the concentration OT lead in each sz_imple,_ N 19.1 Al apparatus described in Section 10 are required.
milligrams per litre, using the calibration curve established in

12.4. 20. Reagents
15. Precision and Bias’ 20.1 Bromphenol Blue Indicator Solutiqi g/L)—Dissolve
.1 g of bromphenol blue in 100 mL of 50 % ethanol or

15.1 Fourteen operators from nine laboratories participate
in this study. One operator performed the analysis in quadru-

plicate, twelve in triplicate and one in duplicate at each 20.3 Chloroform (CHCL).
concentration level.

: . - . 20.4 Hydrochloric Acid(sp gr 1.19)—Concentrated hydro-
15.2 The bias of this test method for lead is listed in TableChloric acid (HCI).
20.5 Hydrochloric Acid(1 + 2)—Add 1 volume of HCI (sp
gr 1.19) to 2 volumes of water.
7 Supporting data are available from ASTM Headquarters. Request RR:D 20.6 HydI‘OCh|OI’IC AC|d(1 + 49)_Add 1 volume of HCI (Sp

19-1030. gr 1.19) to 49 volumes of water. Documents
3 Document Sharing Hub
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20.7 Lead SolutionStock(1.0 mL = 200 pg lead)— 22.4 Cool and filter the samples through a suitable filter
Dissolve 0.3198 g of lead nitrate (Pb (NG in water such as fine-textured, acid-washed, ashless paper, into 250-mL
containing 1 mL of HNQ(sp gr 1.42) and dilute to 1 L with separatory funnels. Wash the filter paper two or three times
water. Warning—Lead salts are toxic. Handle with care and with water and bring to approximately a 100-mL volume.
avoid personal contamination. 22.5 Add 2 drops of bromphenol blue indicator solution and

20.8 Lead SolutionIintermediate(1.0 mL= 2.0y g lead)—  mix.

Dilute 10 mL of lead stock solution and 1 mL of HN@sp gr 22.6 Adjust the pH by addition of NaOH (100 g/L) solution

1.42) to 1 L with waterWarning—Lead salts are toxic. Never until a blue color persists. Add HCI (1 + 49) by drops until the
pipet by mouth. Pipet with the end of a suction device orblue color just disappears; then add 2.5 mL of HCI (1 + 49) in
employ other convenient means of quantitative measuremengéxcess. The pH at this point should be 2.3.

20.9 Lead SolutionStandard(1.0 mL= 0.2 pg lead)—
Immgdiately before use, dilute 10.0 mL of lead ir_1termediate“rlsteaol of using an indicator.
solution and 1 mL of HNQ(sp gr 1.42) to 100 mL with water.

This standard is used to prepare working standards at the tim 22.7 Add 10 mL of pyrrolidine_dithiocarbamic aCidf
chloroform reagent and shake vigorously for 20 min

Note 8—The pH adjustment in 22.6 may be made with a pH meter

of analysis. )
20.10 Nitric Acid (sp gr 1.42)—Concentrated nitric acid (Warming—See 2.0'11)' .
(HNO,). 22.8 Plug the tip of the separatory funnel with cotton, allow

20.11 Pyrrolidine  Dithiocarbamic  Acid-Chloroform the phases to separate, and drain the chloroform phase into a

P 100-mL beaker.
SR;ﬁggrr:{;Ancéd;derglbo:nﬁ)_yrs? Igg;s ?mlalﬁ cgocgt%%lé,csxilrtliﬁ]z 2_2.9 Repeat the extracti_on with 10 mL of chloroform and
between additions. Dilute to 2 L with CHCIThe reagent can drain the chloroform layer into the same beaker.
be used for several months if stored in a cool, dark place. Note 9—If color still remains in the CHGI extract, reextract the
Warning: All components of this reagent are highly toxic. agueous phase until the chloroform layer is colorless.

Carbon disulfide is also highly flammable, prepare and use in 22 10 Place the beaker on a hot plate at low heat and
a well-ventilated hood. Avoid inhalation and direct contact. eyaporate just to near dryness. Remove beaker from heat and
20.12 Sodium Hydroxide Solutiof100 g/L)—Dissolve 100  jjlow residual solvent to evaporate without further heating.

g of sodium hydroxide (NaOH) in water and dilute to 1 L. warning—Perform in a well-ventilated hood.
L 22.11 Hold the beaker at a 45° angle and slowly add
21. Standardization dropwise 2 mL of HNQ(sp gr 1.42), rotating the beaker to

21.1 Prepare a blank and sufficient standards from 0.0 teffect thorough contact of the acid with the residue.

1000 ug/L lead from the lead standard solution (20.9) by 22.11.1 If acid is added to the beaker in a vertical position,
making appropriate dilutions in water. Prepare standards ima violent reaction will occur accompanied by high heat and
mediately prior to use. spattering.

21.2 When determining total recoverable lead use 125-mL 22 12 Place the beaker on a hot plate at low heat and
beakers or flasks, add 0.5 mL HN@p gr 1.42) and proceed as evaporate just to dryness.
directed in 22.2 thru 22.15. When determining dissolved lead 22.13 Add 2 mL of HCI (1 + 2) to the beaker and heat while
use 250-mL separatory funnels and proceed as directed in 228jirling for 1 min.
thru 22.15.

21.3 Construct an analytlca.l curve by plotting the ab.sor_dried residue, obtain a fresh supply of pyrrolidine which has a different lot
bances of standards versus micrograms of lead. Alternativelyymper or redistill the pyrrolidine just before preparing the pyrrolidine
read directly in concentration if this capability is provided with githiocarbamic acid-chloroform reagent.
the instrument.

Note 10—If a precipitate appears when the HCI (1 + 2) is added to the

22.14 Cool and quantitatively transfer the solution to a
22 Procedure 10-mL volumetric flask and bring to volume with water.

. - 22.15 Aspirate each sample and record the scale reading or
22.1 Measure a volume of a well-mixed acidified sample

. : i concentration.
containing less than 100 pg lead (100-mL maximum) into a

125-mL beaker or flask and adjust the volume to 100 mL with23. Calculation

water. 23.1 Determine the weight of lead in each sample by
Note 6—If only dissolved lead is to be determined, measure avolumée,ferring to 21'3' Calculate the concentration of lead in

of filtered and acidified sample containing less than 100 pg of leadnicrograms per litre as follows:

(100-mL maximum) into a 250-mL separatory funnel, and start with 22.5. Lead, pg/L= (1000A) X B (1)
22.2 Add 5 mL of HCI (sp gr 1.19) to each sample.
22.3 Heat the samples on a steam bath or hot plate ini

well-ventilated hood until the volume has been reduced to 1

to 20 mL, making certain that the samples do not boil.

here:
= volume of original sample, mL, and
B = weight of lead in sample, ug.

. . - ... 24. Precision and Bias
Note 7—When analyzing brines and samples containing appreciable

amounts of suspended matter, the amount of reduction in volume is left to 24.1 Seven operators from six laboratories participated in
the discretion of the analyst. this study. Five operators performed the Bﬂﬁﬁ mmtg
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