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Lead Analysis of Ambient Air Particulates:
Interiaboratory Evaluation of EPA
Lead Reference hMethod

Sharon J. Lony, Jack C. Suggs, and Joseph F. Wal!mg
U. 8. Environmental Frotection Agency

The evaluailon of li\_« U. S. Environmental Protection Agency's “‘Referenca Mathod for the

Determir.ation of Lead In Suspended Parti

te Matter Colle
four laboratories and the quantitation by additional techniques are

ted from Ambient Ale” among
ized. Coefficient

of variation of 10% for thae lead ref,

atomic absorption spectrometry ‘echnique.

The 'U. S. Environmental Protection
Agency {(EPA) was required to set a
standard for the lead content of ambient
air and, consequently, 1o select syitahle
collection and analysis techniques for
lead.i2 Since it has been estimated that
nearly 90% of th: ambient atmospheric
Ph burden results from particulate
emissions {rom mobile sources, the
utilization of already existing particulate
sampling devices (hi-volume samplers
witl. glass-fiber filters)? and analysis of
the collected total suspended particulate
(TSP) by acid extraction and atomic,
absorption <peclr0pholometry were
selected us the reference methods.! Al-
ternative procedures will eventually be
identified as equivalent methods after

" passing specific tests. Those eqvnalency

tests lsa\e recently Lbeen pmpnsed k4
The purpase of this paper is to

~ present a summary of the important

results to date of those investigations
surrounding the reference method as
well as some alternative quantitation
technigques.

Preliminary Studles of the Reference
Method

A procedural write-up was prepared

by EPA which combined the experi- -

ences uf twa labaratories gained through

23 Nir Bolintivn Crintrol Assoriation

tethod were obtained. Optical emission spectromeatry
produced data thol are stalistically indistinguishable from data oblainad {rom the reference .

thousands of Pb analyses of TSP. The
procedure consisted of an acid extrac-
tion of the parliculaie, conducted with
either boiling mitric acid or with cold

nitri¢ acid and ultrasonic cnergy, and -

quantitation of the resulting extract
from either pracedure by flame atomic
absorption spectrometry.

Tha write-up was sent to approxi-
mately 100 lahoratories engaped in work
with air particulate for comments.
Slightly less than half of the lahoratories
recponded Comments received and
some limited additional work in one
laboratory led to modifications of the
original write-up, most importantly the
inclusion of an ultrasonic extraction

procedure using mixed nitric-hydro-

chloric acids.

EPA activities to date have nct in-
cluded an evaluation of the sensitivity of
parameter variations. Rather, jt has
consisted of a limited interlzhoratory
comparison of the HINO; write-up ap-
plied by several laburaturies to split

samples of real atmospheric particulate

with which they were provided. These
data, when subjected to an analysis of
variance, provide a reasonahle basis for
expeciations about the performance of
this method when it'is applicd on a lurge
seate. In addition, alf four.oi the labo-

raturies jn this interlahoratory com-
parison analwcd the same HNOy ex-
tracts using optical emission spectram-

eters having different excitation sources.

Que of the laboratories went further
subjecting ti.ese same extracts to other
analytical methods of anodic stripping
voltammetry (ASV), flameless atomic
absorption {FAA), and spark excitation
optical emission spectrometry (SE
OES). Finally, in a more limited evalu-
ation. two laburatnnes tested the ap-
plication of ultrasonic enerzy with a
mixed HNO3-HC) extraction medium,
quantitating by the same techniques
utilized for the HNOj extract. The pro-
cedures uzed, the results obtained, and
the statistical analyses of these various
activities constitute the remainder of
this paper.

Interfaboratory Comparison of the
Reference Method and Alternative
Analytical Techniques

Four laboratories'who commented on
the write-up volunteered to participate
in this portion of the study. All four

‘laboratories received the seme materials

and instructions which requested their
application of the proposed reference
precedure using the nitric acid extrac-
tions to the material supplied ‘with
quantitativn via the reference atomic
abserption and aptical emission spec-
trometry techniques, ‘T'wo of these lab-
oratories had previously participated in
studies that included blind quality

. control strips provided by the Quality

Assurance Branch, Environmental
Munitoring and Support Lohoratory,
Environmental Protection Agency, Re-
search Triangle Park, NC. These strips
had heen prucessed by methods identi-
cal ta the boiling and ultrasonic HNO,
reference methods and had shown an

Aaveraze bias from the expected value of
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Tablel, Lead data from nitric acid extraction reference procedure: flame atomic
nhsorpzmn spermunetrv q\nnutntmn. (mg Pb/l) i
_ Filternumber
Extraction Lab No. (\*) 1 2 3 [ 5 [ 7
4 0.216 - 10.58 142 220 0251 15.08 6.36
% = 1{283 nm) 0154 1094 144 216 0268 1508 6.40
s = 0181 1093 143 244 0.258 1508 6.0
2 <020 1290 150 200 <0200 1430  6.00
] 2(283am) <020 1140 130 150 <0200 1430 600
g <0:30 n 20 60 220 <0.200-  6.00 6.00
zZ 0.20: 1130 ° 153 221 0.36 15.00 6.96
b4 3 {283 nm) 0.27 1132 164 232 0.44 15.07 7.09
}_"5.' 0.36 11.29 172 2.42 051 15.18 .17
= 0.20 10,530 140 210 . 0.28 15.20 6,50
4 (217 nm) 020 1100 140 210 028 1520 650
0.18 1£.80 1.40 210 0.29 15.10 8.950
~ 0110 1040 136 203 0221 1477 638
= ‘14283 nm} 0085 1045 137 201 0229 1465 8.9
x ’ 0.094 10435 138 205 0.236 14.72 6.37 .
< 030 1000 200 25 050 1500 <.20
£ 2(283nm) 030 1000 170 200 050 1400 < .20
%—f - 0.50 260 1.0 1.90 <0.20 1400 < .20
- 0.21 1145 154 225 029 15.04 6.78
& 3(283 nm) 023 1158 182 247 037 1502  69)
g 0.37 11.55 162 239 047 15.16 '6.90
g 020 1120 140 220 026 1520 65
= 4 (217 pm) 0.20 13130 140 220 0.26 15.30 65
i 020 1150 140 230 096 1510 68

"= wmeleng(h uulued

—1.5% {for 284 strips) and —3.0% (for 40
strips), respectively, over the ephcen-
tration range of 0 to 2000 ug lead/
stnp

All laboratories were provided with
portions of exposed glass-fiber fiiters
containing real ambient particulate
which had been collected by hi-vol
samplers over 24 hr periods. Seven such
filters were cut into 8 strips each with

-physxcally adjacent strips being paxred-

in order on each filter. Thus, 4 pairs of
strips were availahle from each filter.

Pairswere randomly assigned to each of
the laboratories to ensure that strip bias

‘was negligible, Kach laboratory was re-

quested Lo extract.onestrip of each pair
with the boiling HNO; procedure and
the other with the ulirasonic HNO;
procedure. Al extracts were to be ana-
lyzed three times in random order by
both the reference atomic absorption
and opfical emission spectrometr)
techniyues. As analyses were to bz per-
formad using the laboratory’s reutine
analytical procedures, no instructions
were given nor requirements made on
the instrument parameters to be utilized
in guantitation of the extracts nther
than those autlined in the reference
procedure. The data which resulted

from this effort are shown in Tables [

and {1.

Reference Method
Using analysis of variance (ech-
niques,S estimates of precision were

January 1979 Volume 29, No. 1

derived from the data under the as-
sumption that the four participating
labotatories were a sample from a larger
group of equally competent laborato-
ries.

Table I,

Frecision of a measurement method
generally refers to the closeness of re-
pealed measurements when the methed
is applied tothe same chemical sample
or different specimens from the same
chemically hémogeneous material. The
two terms used here to describe preci-

sion are “within-laboratory standard

deviation,” denoted by ¢., and “te-
tween-taboratory standard deviation,”
densted by o,. The within-laboratory
standard deviation is a measure char-
acterizing a single lahoratory or operator
and is based on repeated observations.
On the average, two observations will
not differ by more than £2.77 ¢, more
than 5% of the time due to chance alone.
The bctween-Jlaboratory standsrd de-
viation is a measure of laboratory bias.
‘When combined with the within-labo-
ratory standard deviation, a value is
obtained such that on the average, two
observations should not uiffer by more
than +2.77 times this value more than
5% of the time due to chance alone re-
‘gardless from which laboratory the two
ohservations are taken. All the estimates
of precision may be expressed as aper-
cent of the average concentration.

The results of these computations for
the HN_O:¢ reference procedure and op-
tical emission procedures are shown in
‘Fables III and IV. The indicated values
were excluded due to analytical dif-
ficulties. The tables of precision esti-
mates demonstrate the usual behavior
of techniques of this kind where, at
concentrations less than approximately

10 times the limiting nojse, the noise

Lead data fram nitric acid extraction teference ptocedure: optical emission

spectrometry quantitation. (my Ph/l).

Filter number

Extraction Lab No, () 12 3 4 5 6 1
) ' 016 1076 142 219 028 1494 649
= 1{4050m) 017 1072 143 216 025 1497 G612
S : 012 1050 143 209 021 1486 6.23 .
oz ) 0.13 1081 149 220 026 1440 6.36
o 2(2200m) 015 076 148 220  0:28 1430 6.6
= . 015 1075 148 221 0326 1430 636
2 . G137 1140 149 214 0264 15850 723
E 2anm) 611 1IA0 1AD 217 0207 1550 T4
Z 0.134 1160 144 215 0215 1530 7.3t
& 033 1080 L0 210 042 1600 6.6
4(283nm) 0038 J040 170 200 932 1580 6.6
= 0.14 1031 135 201 027 1500 641
st 1(405nm) 036 1031 L35 206 026 1493 643
] 0.15 1008 145 1% 022 1446 G40
o 0130 1046 145 208 026 1484 638
= 2{(220nm) 0230 3036 145 218 0.6 1487 637
Z 0120 1053 145 220 0.26 1478 6.38
& G128 1150 141216 0207 1540 6904
= 34220nm) 0158 .50 140 216 0% 1A60 692
2 0.150 12.00 1.50 2.15 0.205 15.60 709
- = 0.20 1040 16D 190 032 1550 66
= 4 (253 nm) 0.20 10.50 1.60  1.80 0,13 1590 8.5
® A = wavelength utifized
29
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Table I11.

. Precision estimates ‘of nitric acid extraction reference procedure and flame atomic absarption spectrometry quantitation,
(Numbers in parentheses a.e ratios of the precision estimates expressed as a’pereent of the average.)

Tilter Concentration - Boiling Nitric Acid - . Ultrasonic. ) . .
number averagetmg Phfty &% (ACVe] o< GOV, & (WCVe) 6z (RCV) o, {%CNe) &y {%WCV,}
1 0.218 | , 0.06 128) 0.04 {18) 007 32) 0.iv (£1:}] 0.07 {32) 0.13 (60}

5 0.305 0.10 {33) 0.04 {1 0.11 {36) .06 £20) 0.08 {30} 0.11 (36)

3 1.456 0.15 {10) .24 {16) 28 {19} 0.11 (nH 0.18 (12) 0.21 (14)

4 2.148 0.13 { 6) 0.19 (3) 023 {11) 008 (1] 0.16 { 8) 0.18 (8
7 6.550 0.44 [} ] .05 (1) 0.45 (7 0.25 (3] 0.06% (1) 0.25 {4)

2 11.0t1 nas (3 0.45 ( 4) 0,58 { 5) 0,37 (%4} 0.14 {1 0.73 {7
6 14.897 \L35 ( 2) 0.06c (4 037 (20 035 (2 0.3 {2 046  (3)

*.a; = Between-lrboratory standard deviation.

e = Within-laboratory standard deviation.
By = (52 + 5,20

b Labnratory 2'was excluded i) fnm the analysis. g
¢ The value 6.0 ug/ml reported by laboratery 2 was excluded.

becomes an ever increasing part of the
determination. This nearly constant
limit can be estimated by determining
the standard deviation of repeated
‘meastirements on a given solution for a
series of solutions increasingly more
dilute in the canstituent of interest, In
both of these tables it can be seen that
the limiting noise is on the order of 0.1
mg/l, implying that limiting noise is an
important part of the lowest two filter
concentrations. Discarding the two
lowest concentrations and averaging the
coefficients of variation over the re-
maining five concentration levels gives
a rough idea of the degree of precision
which could e anticipated from using
the reference HNU; method. In com-

paring individual resulls from a single -

laboratory, one can anticipate that, on
the average, two ohservations will not
dilfer by more than 17% of the concen-
tration level more than 5% of the time
due to chance alone. In dealing with
averages, this value is decreased by a
factor of 1/vn. For example, two aver-
ages, each based on 16 ohservations, will
not differ by more than £4.25% of the
concentration level. When comparing
individual observations betveen labo-
tatories, this value is increased to 28%.
Average coeffivients of variation from
the optical emission techniques are

_similar though slightly smaller. Statis-

tical tests based on the analysis of vari-
ance indicate that differences between
the methods used to extract the Pband
differences between the methcis used
to quantitate the Pb are not signifi-
cant, .

Alternative Analytical and Mixad Acid
Extraction Techniques

Two laboratories participated in this
study. Each laboratory received strips
from two different hi-volume filters,
with nominal Pb concentrations of 7.5
mg/t and 2.0 mg/l, to assess whether or
ot the addition of hydrochloric acid to
the ultrasonic extraction mecium wouid

_ alter the amount of Pb extracted. The

HNO; was replaced by a mixed acid of
similar nitric acid concentration and a

HNO;-HCI ratio of two.3 Though more

limited in scope and materials, the pro-
cedure was carried out in a fashion
analogous to the ariginal study and with
similar conclusions, Based on an analy-
sis of variance, the addition of HZ: does
not alter the amount of Ph extracted
when compared to the results of the
reference- mathad. This is concluded
with reference 6 a large body of labo-
ratories of which the two participants
are asample. On the average it was de-

termined that notwo individugl extracts
should differ by more than 6% of the
concentration level about 5% of the time,
regaraless of which laboratory makes
the measurements ¢nd indepepdent of
the extraction. methud used. |

One laboratory analyzed the extracts
from both interlgboratory studies via

* three other techniques whose parame-

ters are outlined in Table V. The in-
struments were calibrated using solu-
tions whose acid composition matched
those-of the extracted samples.

‘The results from the reference atomia
ahsorption procedure were not statisti-
cally different from this laboratory’s
results of the inductively coupled argon
plasma optical emission spectroscopy
(ICAP OES) for all extraction medium
and filters testod, The other tech:niques
inthis laboratory’s hands, however, were
distinguishable from the above in that
they were all less precise than the flame
AA and the ICAP OES, Typical cocffi-
cients of variation for repeating a single
.measurement were 2% fu: ICAP OES,
3% for flame AA, 6% for flameless AA,
E)Qén’sfor ASV and 15% for spark excited

Overali Conclusions

Results from this study indicate the

»

Table IV. Precision estimates of mtric acid extraction reference procedure and optical emission spectroscopy quantitation.

(Numbers in parentheses are ratios.of the.precision estimates expressed as:a peccent of the average.)

Ultrasenic

Filter Concenteation Builing Nitric Acid ) )
number average (my °hA) ap®  (NOVL) st (Ve a® (V) 8 s WOV a0 (hUN T ar (W)
1 0.175 0.08 (46) 0.02 (1n Q.07 (40} 0.01 ¢ 6) 003 (1) 0.04 (2%
1 0.267% 0.03 (1 0.02 (8 0.4 (15) 0.04 (15} 0.04 {11} 0.06 “3)
3 La35 o (7 002 (10 0.1} (7 0.09 {6 0.03 (2) 0.10 (g ]
4 2095 0.05 {2 003 (1 006 (1] .14 (3] 004 (2) 0.13 {3
7 6.598 V.44 (9 0.1 (2. 046 {7 0.29 [ 1) 0.05 (1) 030 €4
2 10.732 0.56 (5 0.06 (1N 0.57 (5 0.74 (7t 0.15 { 1) 66 LT
f 15.156G 0.67 (4 013 (D 0.63 {4) 0.5 {2 0.23 {2 0.32 ( 3}

2 5y, = Between-laboratary standard deviation.

&, = Within-laboratory stundard deviation,
g {7y 2 4 5,0

o P e R
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“Table V.

Al 1l\'ncal conditions of, cnudxdule melhuds.

chted vapuorization (flameless) atomic absurpmm spec lroscopv

NaClat pH 54

Spectropkotumeter Perkin-Elmer Model 403 Lamp PhEDLat
atoaiic absorption® 9 watts
Analytical Live 283.3 nm Slit width 0.7 nm
Atomizer Perkin-Elmer Heated Purge gas Ar at 50 units
Atomizer and 20 psig
Model 2100 .
Dry 100°C for 39 sec Atomization Graphite
tube
Char 500°C for 20 .sec Couling 1.8 1/min
water !
~ Atomize 2500°C for 10 sec .
Injection Perkin-Elmer Automatic Aliguot 20 ul
Sampler-1 .
Sample Matrix 0.225 Af HNOy
Spark excitation opticad émission spectrascopy .
Spectrom.ter Applied ResearciiLaboratory  Source High Voltage
Modet 4500 Preduction Spark
Cunitrol Cuantometer®
Analytical Line 283.3 nr Amperage 4.0
- Entrance dlit 25 um Upper ASTMC
“electrade
Exit Slit 5um Lower ASTM D5
) rotrode )
Seaking Timme 30sec Electrode 3mmw
gop
Pre-sparking Time 12 sec Integration 6 sec
' time
Sample Matrix 4.5 M HNQO:, 2% LiCl,
100 my In/l
Anodic stripping voltammetry -
Analyzer ‘Environmerial Sciences Plating 15 min
Assuociates Model 2014 Time
Muliiple Apnodic
: Stripping Analyzer®
Sweep Rate + 82.5and + 60 mV/sec Platinyg =900mV
Putential
Sweep Hold 20 mV ’
Purge Gas Na st b psig Initial ~900 mV
Putential .
‘Sample Matrix I M NaC.rl.0z0r1 M Sample 50 al
NaC.H.0,and 0.2 M Aligroi

- \!enuon of commercéial or trade names does not constiture an endzmmem or remmmmd?tnm

fur use.

following: extraction of lead from at-
mospheric particulate occurs equally

well under mild and severe oxidizing

conditions in nitric acid or mixed ni-
tric-hvdrochloric acids: that from ali the
iaboratories which may use the method
as written, the effect due to extraction

technique is not significant with regard

to bias and precision: the precision of

«data generated by any given labaratory
utilizing the reference flame atomic

absorption method is such that two
measurements are expected to differ by
more than £17% only 5% of the time due
to chance alone, and £2%% when mea-
surements.are compared between labo-
ratories. Modern optical emission

spectrometry, procuces results of similar

“quality to flame atomic absorption. For
samples colleeted and prepared by the

lead reference procedure, it is éxpected
that no two measurements should differ
by more than 25% even if the measure-
ments are from different laboratories
using different analytical techniques.as
long as the cnnccmratmm are larger
than 0.5 ug Pbim? air sampled.
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