Standard Method of Test for _
LOW CONCENTRATIONS OF LEAD IN PAINT BY ATOMIC ABSORPTION SPECTROSCOPY
ASTM D3335 - 74 v |

l. Scope

1.1 This method covers the determination of lead contents between
0.01 end 5% present in the solids of liquid coatings or contained in
dry films,
= 1.2 Only pigmented coatings were used for evaluating this method,
but there is no reason to believe that varnishes and lacquers could
not be analyzed successfully, provided that appropriate precautions
are taken,

2. Applicable Documents
2.1 ASTM Standards: _ : _
D 1193 Specification for Reagent Water
D 2832 Recormmended Practices for Determining Nonvolatile Content
. of Paint and Paint Materials ,

3. Summary of Method

3.1 The sample of liquid paint or dried film is prepared for an-
alysis by dry ashing. The lead content of an acid extract of the ash
is determined by atomic absorption spectroscopy.

L. Apparatus .

l4.1 Atomic Absorption Spectrophotometer, consisting of an atom-
izer and either a single or three-slot burner; gas pressure regulating
and metering devices for air and acetylene; a lead hollow cathode
tube with a regulated constant current supply; a monochromator and
associated optics; a photosensitive detector connected to an electronic
amplifier; and a red-out device.

k.2 Muffle Furnace, capable of maintaining 500 + 5? ¢,

.3 Crucibles, wide form, porcelain, glazed insTde and out except
for the outside bottom surface, approximately 30-ml capacity, 50-mm
rim diameter, and a 31-mm height.

L.4 Hot Plate, with variable surface temperature control over the
range from 70° to 200° c.

4.5 High-Silica Glass Beskers, 100 and 250-ml

4.6 Volumetric Flasks, 50, 100, and 1000 ml.

4.7 Dropping Bottles, & or + oz. capacity

4.8 Glass or Disposable Syringes, 5 or 10-ml capacity

4.9 Pipets, 1, 2, 5, and 10-ml capacity/

5. Reagents

S.1 Purity of Reagents - Reagent grade chemicals shall be used
in all tests. Unless otherwise indicated, 1t is intended that ell
reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where such speci-
ficatlons are available. Other grades may be used, provided it is
first ascertained that the reagent is of sufficiently high purity to

‘permit its use without lessening the accuracy of the determination.
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5.2 Purity of Water - Unless otherwise indicated, references to
water shall be understood to mean reagent water conforming to ASTM
Specifications D1193.

5.3 Ammonium Acetate Dilutingz Solution - Add 50 ml of HNO. -
(sp. gr. 1.42) to 150 ml of 50% weight by volume ammonium acetdte
solution and dilute to 1 litre. ’

S.4 Ammonium Acetate Solution (50% weight by volume) -~ Dissolve

500 g of ammonium acetate (NH), CoH,0 ) in water and dilute to 1 litre,
. 5.5 Lead Standard Solution (iOBO ppm.) - Dissolve 1.5980 g of
lead nitrate (Pb(NO,),) in 10 ml of water, add 10 ml of HNO 4 (sp.
gr. 1.42) and dilutg %o 1 litre. ,

5.6 Nitric Acid (sp. gr. 1.42) Concentrated Nitriec Acid (HNO3)

5.7 Nitric Acid (1+1) - Add 1 volume of HNO3 to 1 volume watér,

6. Calibration and Standardization :
‘ 6.1 Prepare 100ml quantities of at least four standard solutions
bracketing the expected lead concentration in the sample to be tested.
To suitasble aliquots of the 1000-ppm standard lead solution, add Sml
of the HNO3 and 15 ml of the 50% ammonium acetate solution. Dilute

to 100 ml with water. ‘

6.2 Operational instructions for atomic absorption spectropho-
tometers vary with different models, Consult the manufacturer’s
literature for establishinkg optimum conditions for the specific in-
struement used,

6.3 Turn the instruement on and set the wavelength to the 2833A
line for lead. Apply the current recommended by the manufacturer
to the hollow cathode lamp. Allow the instruement to warm-up at least
15 minutes and set the slit width. Adjust the air pressures and ig-
nite the burner according to the manufacturer's instructions.

6.4 Aspirate water to rinse the atomizer chamber., Aspirate a
standard solution and make any necessary readjustment in instruement
parapeters to obtain maximum absorption. P

6.5 Atomize each of the appropriate standard solutions and record
the corresponding instruement readings. Atomize water between each
standard. ,

6.6 Construct a calibration curve on linear graph paper by plot-
ting the absorbance versus concentration (micrograms/millilitre)
fop each standard solution on linear graph paper. '

7. Proceedure

7.1 If the sample is a liquid coating, mix it until homogeneous,
preferably on a mechanical shaker, Determine the nonvolatile content
in accordance with Method D 2832, /

7.2 Prepare at least two replicate samples by weighing by dif-
ference from a dropping bottle or syringe approximately 2 to 3 g
of the mixed paint, or by directly weighing approximately 1 to 2 g
of dried paint film, into a 30 ml porcelain crucible. Weigh to the
nearest 0.1 mg. See Note 1, and 2.

7.3 Place the crucible (or beaker) containing the liouid coating
on a hot plate and slowly increase the temperature until the material
is dried. With some types of coatings, an initial oven-drying at

105° C may be necéssary to remove solvents without incurring losses
due to spattering. '
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7.4 When the specimen appears to be dry or when starting with a
dry film, gradually increase the temperature of the hot plate until
the spéecimen chars.

7.5 After charring is complete, place the material in a preheated
muffle furnace and ash at ;75 to 500° C. See Note 3. ‘

7.6 When the ashing appears to be complete (approximately 1 to
2 h), remove the crucible or beaker from the muffle furnace and allow
it to cool to room temperature. Break up the ash into fine particles
with a glass stirring rod, leaving the rod with the container through
the filtering step.

7.7 Add 10 ml of HN03 (1+41) acid, taking care to avoid losses
due to spattering in case“the ash reacts violently with the acid, -
Heat carefully on hot plate until 2 to 3 ml of the solution remain.
Add an addifional 10 ml of HNO3 (1+1) acid and continue heating on
the hot plate until less than ml of the solution remains,

7.8 Filter the solution through medium porosity filter paper
into a 50-ml volumetric flask. If the filtrate is not clear, refilter
through fine porosity filter paper. Wash the container 3 times with
2.5 ml hot smmonium acetate solution (S.4), each time transferring
the washings to the filter paper. Wash the filter paper several
times with water, Adjust the volume to 50-ml with water,

T2 Aspirate the specimen solution and determine the absorbance
"in the same manner in which the instruement was calibrated. Determine
the concentration of lead in micrograms/ millilitre from the cali-
bration curve. If the absorbance is above the range covered by the
calibration curve, dilute an aliquot cf the sample soluticn to a .
sultable volume with ammonium acetate diluting solution. See Note l.

8. Caleulation

8.1 Calculete lead in the nonvolatile portion of the sample as
follows: :

Lead, % of nonvolatile = (C x F x 0.5)/(NV x S)

where:
C = micrograms per millilitre concerntration of lead in the aspir-
ated sample solution.
F = dilution factor from 7.9 (Volume diluted to/volume of aliquot)
NV = percent nonvolatile of paint sample (use 100 if sample was
a dried film), and
S = grams of specimen '

7

9. Report /
9.1 Report the percent lead of tke nonvolatile content of the

?iint and whether the sanalysis was done on a licuid sample or dried
lm,

10. Precision
10.1 The focllowing criteris shoul@ be used for accepting the results.,

10.1.1 Repeatability (Single Analyst) - The coefficient of varia-
tion of results (each the average of duplicate determinations) obtained
by the same analyst on different deys was estimated to be 3.4% relative
at 2} degrees freedom. Two such values should be considered suspect
(95% confidence level) if they differ by more tran 10% relative.
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10.1.2 Reproducibility

(Multilaboratory) - The coefficient of variation of
results (each the average of duplicate determinations) obtained
by &nalysts in different laboratories, has been estimated to
be 9, 3%yre1ative at 20 degrees of freedom. To such values should
be considered suspect (95% confidence level) if they differ by
more than 27% relative,
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NOTES

1. The specimen sizé specified will give a concentration of approx-

2.

3.

L.

imately 10 to 20 ppm lead in the final diluted solutions for
materials containing approximately 500 ppm lead based on the solids.
If the sample is estimated to contain more or less than 500 ppm
lead, the specimen size should be adjusted accordingly. In the
event that significantly less than 500 ppm lead is expected, a
250-m1 high-silica glass beaker may be used instead of the cru-
cible accomadating sample weights up to 10 g.

Recover dried paint films from previously coated substrates or

prepare in the laboratory from liguid samples, For the lsbor-
atory preparation, flow the well-mixed sample onto a clean glass
plate and allow to dry in an oven at 105° C. Scrape the dried film
off the glass plate with a single-edge razor blade,

1

Ashing at temperatures in excess of 500° c. may result in the loss

of some of the lead by volitization. :

The method of standerd additions may be used to improve the accur-

acy of the analysis, This method is particularly recommended

for use with unknown samples where matrix effects may be poten-
tially significant. For a detailed description of the proceedure
end csleulations used in the method of standar& sdditions, consult
a stendard text on atomic absorption spectroscopy or the instrue-
ment manual provided by the instruement manufacturer.
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Designation: D 3335 - 782

i,

Standard Test Method for

An American National Standard

LOW CONCENTRATIONS OF LEAD, CAleUM, AND
COBALT IN PAINT BY ATOMIC ABSORPTION

SPECTROSCOPY'

This standard is issued under the fixed designation D 3335; 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 epsilon () indicates an editorial change since the last revision or reapproval.

“Note 1—An cditori:;;l change was made by adding Section 1.4 in.December 1978,
“ Nore 2—An cditorial change was made 1n Section 9.1 in June 1980.

1. Scopé
1.1 This method covers the determination of
lead” contents between 0.01 and 5 %, cadmium

contents between 50 and 150 ppm (mg/kg), -

and cobalt conterits between 50.and 2000 ppm

(mg/kg) preseiit in the nonvolatile portion of”

liquid coatings or ‘contained in- dried films.

There is no redson to believe that higher levels.
of-all three elements§ could niot be determined’

by this method, provided that appropriate di-
lutions and adjustments in specimen Ssize and
reagent quantities are made.

Note 1—ASTM Method D 2088, Determination
of Low Concentrations-of"Lead in Paint,® describes
an alternative méthod’ of analysis for lead, using an
electrolytic analyzei. ) :

1.2 Only pigmented coatings were used for
evaluating this méthod, but there is no reason
to believe that varnishes and lacquers could not
be analyzed successfully, provided that appro-
priate precautions are taken. _

1.3 This method is not applicable to the
determination of lead in samples containing
antimony pigments (low recoveries are ob-
tained). T '

1.4 If lead is present in the sample to be
analyzed in the-form of an organic lead com-
pound at a concentration greater than-0.1 %,
small losses. of lead may occur, resulting in
stightly poorér precision than shown in Section
1. - ’

2. Applicable Documents

2.1 ASTM Standards:
D 1193 Sp_eéiﬁcq:ion for Reagent Water®

h
W

D 2832 Recommended Practices for Deter-
mining Nonvolatile Content of Paint and
Paint Materials*

3. Summary of Method

3.1 The specimen of liquid coating or dried
film is prepared for analysis by dry ashing. The
content of lead, cadmium, or cobalt of an acid
extract of the ash is determined by atomic
absorption spectroscopy.

4. Apparatus

4.1 Atomic Absorption Spectrophotomeler,
consisting of an atomizer and either a single-
or three-slot burner; gas pressure regulating
and metering devices for air and acetylene;
lead, cadmium, and cobalt source lamps® with
a regulated constant-current supply; a mornio-
chromator and associated optics; a photosensi-
tive detector connected to an electronic ampli-
fier; and a read-out device.

4.2 Muffle Furnace, capable of maintaining
500 £ 10°C. g

4.3 Crucibles, wide-form, porcefain, glazed

! This method is under the jurisdiction of ASTM Com-
mittee D-1 on Paint and Related Coatings and Materialsand
is the direct responsibilityof Subcommittee D0O1.21 on Chem-
ical Analysis of Paints and Paint Material.

Current edition approved Nov. 9, 1978. Published January
1979. Originally published as D 3335-74. Last previous
edition D 3335 - 77.

* Vandeberg, J. T.. Swafford, H. D.. and Scott. R. W,
“Determination of Low Concentrations of Lead in Paint™
Journals of Paint Technology, JPTYA, Vol 47, No. 604, May
1975. '

3 1983 Annual Book of ASTM Standards. Vol 06.03.

* 1983 Annual Book of ASTM Standards. Vol 06.01.

* Both hollow cathode lamps and electrodeless discharge
famps have been found satisfactory for this purpose.
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inside and outside except for the outside bottom
surface. approximately 30-ml Lapacny 50-mm
rim diameter and 31 mm height.®

4.4 Hot Plate, with variable surface temper-
ature control over the range from 70 to 200°C.

4.5 High-Silica Glass Beakers,” 100 and 250-
ml :
4.6 Volumetric Flasks, 50, 100, and 1060-ml.

4.7 Dropping Botiles, ¥ or ¥-0z (7 or 15-ml)
capacity.

4.8 Glass or Disposable Syringes, 5 or 10-ml
capacity.

4.9 Pipets, 1, 2, 5, and 10-ml capacity.

4.10 Paint Shaker.

4.11 Paint Draw-Down Bar.

5. Reagents

5.1 Purity of Reagents—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all re-
agents shall conform to the specifications of the

Commmee on Analytical Reagents of . lhe"-"

American Chemical Society, where such spec--
ifications are available.® Other grades may be
used, provided it is first ascertained that.the -

reagent is of sufficiéntly high purity to permxt
its use without lessening the accuracy of . the :

determination.
5.2 Purity of Water—Unless otherwise md1~

cated, references to water shall be understoodi..

to mean Type 1l reagent grade water conform-
ing to Specification D 1193.

53 Ammonium Acetate Solution (50 %
weight/ vqume)——Dissolve 500 g of ammonium
acetate (NH4C2H302) in water and dilute to’ l
hitre.

54 Ammonium Acetate Diluting Solution—
Add 50 ml of HNO; (sp gr 1.42) to 150 mi of
50 %. weight/volume ammonium acetate solu—
tion and dilute to I litre.

5.5 Cadmium Standard Stock Solution (1 000
pg/mily—Dissolve 2.1032 g of cadmium nitrate
(Cd(NO3)2) in 10 ml of water, add: 10 m} of
HNO; (sp gr 1.42), and dilute to 1 litre.

5.6 Cobalt Standard ‘Stock Solution (1000

pg/mi)—Dissolve 4.9387 g of cobalt . nitrate
hexahydrate (Co(NO3)z-6H20) in 10 ml of wa-
ter, add 10 ml of HN03 (sp gr 1.42), and dilute
to 1 litre.

5.7 Lead Standard Stock Solution ( 1 000
pg/ml—Dissolve 1.5980 g of lead nitrate
(Pb(NOg)z) in 10 ml of water, add 10, ml of

ha\c beéen found s

“cations,” Am. Chém

D 3335

HNO; (sp gr 1.42), and dilute to 1 litre.

5.8 Nitric Acid (sp gr I 4’)—C0ncentraled
nitric acid (HNOj)..

5.9 Nitric Acid (1-{-1)——Add 1 volume of
HNO; (sp gr-1.42) 10 1 volume of water.

6. Safety Precautions

6.1 Concentrated nitric acid is corrosive and
may cause severe burns of the skin or eyes: the
vapor is irritating to mucous membranes. Use
care in handling this acidic substance. In case
of contact,. flush skin or eyes with plenty of
water, while removing contaminated clothing
and shoes. Call'a physxcxan Wash clothing
before reuse. See. MCA Chemical Safety Data
Sheet SD-5. :

6.2 Use only a- rubber bulb asplrator for
plpelmg liquids. -

7. Calxbratlon and Standardlzanon

_7 1 Prepare IOO—mI quammes of at least four

lead, cadmium, or coball concentration in the
sample to be tested:To suitablé aliquots of the
- 1000 ;zg/ml standard lead, cadmmm, or cobak

ufactu rer lo the:
‘Tamp. Allow

air and aé’clylen
ignite the bume

cibles, or cqunalcm ha\c been foucd -

satisfactory for this UTpOse. i

o P ‘ufacmrcd by the Corning Glass Co. i_

faclory {or this purpose.

erican Chemical Society Spcv:xﬁ-
: “Washington. D.'C. For sugie

T r:aﬂcnls not histed by

Rcagcnl Che

tions on the testin the Amenvag :
Chemical Society. ‘Reaoem Chemicals and Standards.” by §
Joseph Rosin, D. Vi \'osnand Co.. Inc.. New York. N: Y23
and the "“United Sia Pharmacopcra 3
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chamber. Aspirate a standard -solution and
make any necessary readjustment in instrument
parameters to Q_btain maximu_;_rl absorption.

7.5 Aspirate ‘each of the appropriaté stan-
dard solutions and record the corresponding
instrument readings. Aspirate” watér betweer
each standard. R o

7.6 Construct a calibration ‘curve ‘on-linear
" graph paper by plotting the absorbance-versus
concentration_ {micrograms - per ~millitre) for
each standard solution. (=N

8. Procedure -

8.1 If the samp_iev is a liquid coating; mix 'it
uatil homogeneous, preferably on a mé
shaker. Determine the nonvolatil

mixed liquid: coating, or by direcily weighin
approximately-1.to 2:g ef dried paint-film; int
‘a:30-ml porcel i i I
"0l mg: ; :
Note 2—The!specimen size
concentration in
in the final d
approximatel P 1
solids. If the material is.éstimated to con !
less than 500 ppm.(ing/kg) lead;:thié quantity take
should be adjusted accordiiigly:” In . the.event that
significantly Tess than.500-ppm (rig/kg). éad is ex
pected, a 250-mi high-silica beaker may bé used
place of the icible -to" accommodate. specimen.
weights up . to: 1 The. sizespecified will give
coricentration - of “ap;)rditjmatcly 2 1o 47pg/ml cad
mium in the fipal.dituted Solution for paints contain-
ing approxiniately 100 ppm (mg/kg) cadmium, based
on the solids:-The size specified will, give a concen:
tration of approximately. [0.10 20 pg/ml cobalt in the-
final diluted solution :for paints contdining approxi-.™
mately 500 ppm (ing/kg) cobalt,; based on the solids. "
NoTe 3—Recover. dried paint films from previ- =
ously ‘coated subgirates (being careful not to remove
any underlying material from the substrate) or pre-
are in the laboratory from liquid samples. For the
aboratory preparation, flow some of the well-mixed
sample onto-a clean glass'plate: The use of a pa
draw-down bar is recommended to obtairi a'uniform .
wet film thickness not -exceeding 2 'mils (50 -gm). ..
Allow the film to dry in an oven at 105°C for a
minimum of | h. 'Scrape the dried. film off the glass.
plate, prefetably with a single-edge razor blade. -

8.3 Place the crucible (or beaker) containing,
the fiquid coating on'a hot plate and slowly
increase the temperature until the material is
dried. With some types of ¢batings, an inifial’
oven-drying at 105°C may be necessary to-

s

D 3335

remove solvents without incurring losses due to
spattering. _

8.4 When the specimen appears to be dry or
when starting with a dried film, gradually in-
crease the temperature of the hot plate until the
material chars.

8.5 After charring is complete, place the con-

‘tainer in a preheated muffle furnace and ash at

475 to 500°C.

Note 4—Ashing at temperatures in excess of
500°C may result in the loss of some lead by volatil-
ization.

8.6 When the ashing appears to be complete
(do not exceed 1 to 2 h), remove the crucible or

- beaker from the muffle furnace and allow it to

cool to room temperature. Break up the ash

Cinto fine particles with a glass stirring rod,
““leaving the rod with the container through the
" filtering step.

‘8.7 Add 10 ml of HNO; (1+1), taking care

-to avoid losses due to spattering in case the ash
“reacts vigorously with the acid. Heat carefully

on a hot plate until 2 to 3 il of solution remain.
‘Add an additional 10_ml of HNO; (1+1) and
continue heating on the hot plate until less than
5 ml of the solution remains. »

8.8 Filter the solution through medium-po-
sity filter paper into a 50-ml volumetric flask.
If the filtrate is not clear, refilter through fine-
porosity filter paper. Wash the container three

‘-i{}’fs,l".iﬁb—lf’ of hot ammonium _ acetate

.soiution (5.3), each time transferring the wash-

Wash t

ings to the filter paper. he filter paper
several times with water. Adjust the volume to
al limes wil ust the voiume

50 m! with water and mix.

8.9 Aspirate the test solution and determine

“ the absorbance in the same manner in which

the instrument was calibrated. Determine the
concentration of lead, cadmium, or cobalt in
micrograms per millilitre from the calibration
curve. If the absorbance is above the range
covered by the calibration curve, dilute an ali-
quot of the sample solution to a suitable volume
with ammonium acetate diluting solution.

Not1e 5—For maximum accuracy, calibration and
standardization (Section 6) should be completed just
prior to aspirating the sample solution.

Note 6—The method of standard additions may
be used to improve the accuracy of the analysis. This
method is particularly recommended for use with
unknown samples where matrix effects may be po-
tentially significant. For a detailed description of the
procedure and calculations used in the method of
standard additions, consult a standard text on atomic
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absorplion spectroscopy or the instruction manual
provided by the instrument manufacturer.

9. Calculation

9.1 Calculate the mean concentration of
lead, cadmium, or cobalt in the nonvolatile
portion of the sample as follows:

lead, cadmium or coball, ppm (mg/kg) in nonvolatile
=(Cxf % WO)/(,\VXS) :

where:
C - = concentration of lead, cadmium, or co-
balt in the aspirated specimen solution,
(g/&b)
. F = dilution factor from 8.9 (volume dl-,
“\ luted to/volume of aliquot), 4

5000 = factor derived from multiplying the 50 °
~ mL volume obtained in Par. 8.8 by 100 - -

" (to convert NV used to a whole num-

_")ber) and 10° (to obtain PPM), then

dividing by 10° (1o convert grams of.
sample to pg):

NV = percent nonvolatile of paint sample

(use 100 if sample was a dried ﬁlm) -

~and
S = grams of sample.
10. Report

10.1 Report the lead, cadmiuvm, or cobal
content of the nonvolatile content of the sample
and whether the analysis was conducted on
liquid coating or a dried film.

11. Precision and Accuracy®

11.1 In an interlaboratory study of the’

method the within-laboratory coefficient :of.
variation was found to be 3.4 %

The American Society for Testing and Maierials 1akes no position”
conneciion with any item meniioned in this standard. Users of thiis standar:
of any such patent rights, and the risk of infringement of such rxght: are; enureb their own respon.vbrl

and § f not revised, either reapprmed or withdrawn. )aur commenisare i

% relative at 24°
degrees of freedom for lead, 3.7 % relative-at -
15 degrees of freedom for cadmium, and 3.3 %*‘

D 3335

relative at 21 deoree< of frcedom for cobalt.
The between- }abora(or\ cocfficient ofv :riation
was 9.3 % relative at 20 degrees of freedom for
lead, 8.9 % relative at I'l-degrees of freedom for
cadmivm, and 5.5 % re]alxve at'17 degrees of
freedom for cobalt Based on these coefﬁc',ems
the following criteria should be _used for judg-
ing the’ acccplabxluv of resuhs at lhe 95 % con-
ﬁdence lével: -

1111 Repeatabzln f——T\xo results; each the
mean of duplicate determmanons obtained by
the same operator on different: days should be
considered suspect if they differ by more than
11 % relative for all three metals.

1.1.2 Reproducrbxhty—Two results,

“each

the mean ofduphcate determinations, obtained-
by operators in different laboratories should be
considered suspect-if they differ by moge than
- 28 % relative for lead or cadmium and if they
differ by:more. than 7 % relauve for cobalt.
1.2 Accumcy .

Iue fqr'.t};e amppm of lead

abomxory smdxcs of this method. which
“Calculate prccxsmn are-available from ASTM.
lla"c_‘klpl'ya,P 103, a5 RR: DOI- 1005

ny pdtent rights asseried in
e expres;l)‘ advised that delermmanon of the validity

itree and must:be-review: ed every five )ears
s 25
evision of this d or for

standards and should be addressed 10 ASTM Headquarters. Your comments will réceive carejul consideration ar a meering of the
responsible technical commitiee. which you may atiend. If you feel that your - éormments have nof received a fazr hearing you should
make your views known to the ASTM ‘Committee on Slandards 1916 Race; St., P) de{pbm Pa. 191¢ 3
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