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Summary. In this work we present a graphite furnaee atomie absorption 
speetrometrie method for blood lead using palladium as a ehemical modifter. Whole 
blood was diluted 10- fold with a 0.1% v/v triton X-lOO solution; 10 ¡.tL of this 
solution and 10 ¡.tL of the palladium-based modifter (2 mg Pd/L. 2% w/v eitrie acid 
and 0.01 M nitrie acid) were injected onto the L'vov platform by using the alternate 
volume mode. The followtngfurnaee operating parameters were used: (a) drying 
steps. 120 oC for lOs and 250 oC for 30s; (b) pyrolysis steps. 800 oC for 45s (with 
oxygen) and 1100 oC for 25s; (e) atomization, 1600 oC for 3s; (d) clean out, 2700 
oC for 4s. Aecuracy was tested by using (1) a NlST standard (SRM-909) and the 
Behring Control B100d for Metal 1 (OSSO 21) with lead coneentrations of 23.7 ± 2.1 
¡.tg/L (found: 21.2 ± 0.7¡.tg/L) and 413 ±51¡.tg/L (found: 407 ±6¡.tg/L), respectively: 
(ti) reeovery studies (ca. 100 ± 1 %), and (ill) a reported method (mean relative error: 
5.1 %). Approximate standard deviations ofO.3 (within-run) and 0.7 (between-runs) 
¡.tg Pb/L were found in the preeision study. The deteetion limit (30) and the 
characteristie mass (for a 10- f.lL injection volume) were 0.1 ¡.tg Pb/L and 15 
pg/O.0044 A-s, respectively. The proposed method was used to establish the lead 
levels of patients with renal insufficiency; a mean concentration (± SO) of 59 ± 39 
¡.tg Pb/L (rauge: 12 - 160 f.lg Pb/L) was found. The method was interference-free, 
reliable and reproducible. 
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ments (2,5). High Pb levels are found in
INTRODUCTION so11 and dust located near busy road­

ways due to automob11e combustion of 
leaded gasoline. Lead intoxieationIn recent years, the anthropogenie 
causes elinical disorders in the centralactivities have rapidIy increased the ae­
neIVOUS system, the hematopoietie sys­eumulation oflead (Pb) in urban environ­
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tem and the kidneys (2,8). The 
deleteI10us effects are more notable in 
young children because they absorb Pb 
more efficient1y than adults (2). 

A wide variety oC methods has been 
proposed Cor the determinatlon of Pb in 
biologtcal and clinical materials. 
Graphite furnace atomic absorptlon 
spectrometry (GFAAS) is the most 
selected technique for tbts purpose. in 
particular for the analysis of blood 
specimens. Modern GFAAS-based Pb 
methods must consider the chemical 
modificatiDn of the sample in order to 
prevent pre-atomtzaUon losses by 
volaUlizaUon oC the analyte. as Pb 
halides or oxides. Recent1y. we reported 
(11) the use of a chemica1 modifier mix­
ture, e.g., Mg(NOa12, NH4H2P04 and 
HNOa. for the graphite furnace deter­
minatlon oC Pb. 

In 1981 palladium (Pd) was 
proposed as a chemica1 modifier for the 
GFAAS determinatlon oftelludum (in or­
ganic and inorganic samples) and bis­
muth (in clinical samples) (17). Since 
then. Pd has been widely used for the 
GFAAS chemical modiftcatlon- oC many 
unstable elements. such as arsenic. 
thalltum. mercu:ry. indium. etc. (1.3.17), 
probabIy because of its "catalytic ac­
tivity" exercised inside the graphite tube. 
Some oC the methods suppose the use of 
palladium alone (1) or a mixture of pal­
ladium and magnesium nitrate (17). 

The alm oC the present work was to 
develop a graphite furnace atomic ab­
sorptlon spectrometdc method Cor the 
determinatlon of lead in whole blood. 
employing palladium as the chemica1 
modifier. The proposed method was ap­
plied to the evaluatlon oC the Pb levels 
Cound in patlents with chronic renal 
failure. undergoing periodical 

hemodiaIysiS. 

MATERIAL AND METHODS 

Apparatus 
A graphite Curnace atomizer 

(Perktn-Elmer Model HGA-500) was 
mounted on an atomic absorptton 
spectrometer (Perkin-Elmer Model 
2380). Standards and samples were in­
jected by using an autosampler (Perkin­
ElmerModeIAS-40). Data wererecorded 
on a pdnter-sequencer (Perkin-Elmer 
Model PRS-1 O). Absorbance peaks were 
plotted on a recorder (Perkin-Elmer R­
100A). 

Table 1 gives the optlmum fumace 
operating parameters used for the deter­
minatlon oflead. The light sources were 
an 8-IDA lead hollow-cathode lamp and 
a deutedum arc Cor background correc­
tlon; the wavelength used was 283.3 nm 
with a 0.2-nm spectral band width (11). 
All data presented below were obtatned 
using pyrolyttcalIy-coated graphite 
tubes with L'vov platforms. Integrated 
absorbance (Aes) stgnals Were used be­
cause they minimize errors in measure­
ments assoctated with the different peak 
profiles exhibited by lead in unmatched 
standards and samples (13). 

Reagents 
All chemica1s were oC anaIytlca1­

reagent grades. A Pb stock solutlon (ca. 
1000 mg/L) was prepared by using Pb 
(CfuCOO12. 3H20 (BDH). The blanks oC 
the Pd(NOa)2 (Aldrich). citdc acid (Riedel­
de-Haen). nitdc acid (Fisher Sctentlfic). 
sodium heparin (Lilly) and tdton X-lOO 
(Riedel-de-Haen) were below the GFAAS 
detectlon limit oC lead. The chemica1 
modifier contatned 2 mg Pd/L. 2% wIv 
cltdc add and 0.01 M nitrtc add. 
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TABLEI 

FURNACE TEMPERATURE PROGRAM FOR THE DETERMINATION 

OF B1.00D LEAD, USING PYROLYSIS UNDERAN OXYGEN ATMOSPHERE 


ANO PALlADIUM AS THE CHEMICAL MODIFIER. 


Step Temperature,OC Ramp,s Hold,s Gas 

Drytng 1 120 5 5 Ar 
Drytng 2 250 20 10 Ar 
PyroIysts 1 800 30 15 02 (Air) 
PyroIysls 2 1100 15 10 Ar 
Atomization 1600 O 3 
Cleanout 2200 4 3 Ar 

The accuracy of the proposed 
metbod was tested by using tbe Stan­
dard Reference Material Human Serum 
[SRM-909 supplied by tbe National In­
stitute of Standards and Technology 
(NlST), Washington, DC, USA]. as well as 
tbe Control Blood for Metal 1 (OSSD 21) 
standard from tbe Behring Institute (D­
3550, Marburg 1, Federal Republic of 
Germany). 

Procedure 
Whole blood specimens were oh­

tained from 31 chronic renal failure 
patients. undergolng perlodicaI 
hemodialysis at Maracaibo University 
Hospital. and 69 healthy volunteers. 
Blood was collected by using 5-mL dis­
posable poIystyrene syringes and trans­
ferred into Pb-free polypropylene tubes 
(witb polypropylene caps). which con­
tained about 100 IlL of sodium heparin. 
Samples were kept at -20 "C until re­
quired for analysis (within two days). 
Before GFAAS analyses. the blood test 
portions as well as tbe SRM-909 were 
diluted 10- fold in Pb-free microvials 
witb a 0.1% v/v triton X-lOO solution; 

tbe Behring standard was diluted 20­
fold in tbe same fashion as described al­
ready. By using tbe altemate volume 
mode of tbe AS- 40 autosampler. 1O-¡.t.L 
aliquots ofblood (or aqueous lead stand­
ards) and 10 ¡.t.Loftbe chemical modifter 
solution were injected sequentialIy into 
tbe graphite tube. 

RESULTS 

Fig 1 depicts tbe optimization pro­
cedure for tbe selection of the most ade­
quate Pd concentration used for tbe 
preparation of tbe modifter soIutlon: tbe 
effect oftbe citric acid on tbe atomic ah­
sorptlon signal of Pb Is also shown. 
These t\yo experimental parameters were 
worked out by monitoring sensitivity in­
crements. up to reaching a max:lmum 
reading, and by matching the blood test 
portion concentratlons reported in tbe 
analyses with those of tbe targeted 
values. A Pd concentration of 2 mg/L 
was found to be fully sufficient for the 
analysis ofdifferent types ofsamples; tbe 
addition of2% (w/v) citric acid produced 
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Fig. 1. ElIect of the Pd cona:ntratlon on the atomie absorptlon signa} of Pb for (O) a 25-Jlg Pb/L 

aqueous standard, (A) the Behrlng Control Blood Cm Metal 1 (OSSD 21) standard with a 20-Cold dilu­

tlon (ca. 20.4 f,lg Pb/L} and ( • ) a real whole blood test portlon diluted lO-Cold and containing 16 mg 

Pb/L. CUrte acid eoneentratlon (%. w/v) as Collows: a =O. b =l. e = 2. d =3.e =5. The effect oC the 

citrte acid on the Pb signal ls only plotted for a Pd concenl:ratlon oC 2 mg/L. although a slmJlar be­

havim was observed Cor the entlre Pd range tested. Fumace conditlons as shown In Table l. 


the largest increase in the absorbance The absorbance-time profiles of 
readings. aqueous and blood Pb were monitored 

Graphite fumace sensitlvitles for for different Pd concentrations and 
aqueous Pb standards at difIerent Pd results are in Fig 3. They further confirm 
concenb'atlons are shown in Fig 2. The the Pd concenb'atlon selected in this 
2 mg Pd/L value was conftrmed to be the study. 
most convenient modifler concenb'atlon Table II shows the influence exerted 
for a wide range of Pb levels. by the nitric acid on the integrated ab­
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LEAD CONCENTRATíOH, .-o/L 

F ig. 2. Graph1te funtace atomlc abaorption spectrometrlc sensltlvitles for aqueous Pb standards at dif­
ferent Pd concentratlons (mg/L): A =0.1. B =0.5. e::: 1.0. D ::: 2.0. E = 3.0. F =6.0. Furnace conditlons 
as shown in Table l. The cltrlc ac1d concentratlon was 2% (w/v). 
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Fig. 3. mect of the Pd concentratlon on the absorbance-tlme promes (background-corrected) for lead in 
A. a 25- tJg Pb/L aqueous standard. B. a real wh'Jle blood sample diluted 10-fold and containing 16 ~g 
Pb/L and C. the Behrlng standard (20.4 tJg Pb/L). Furnace conditlons as shown inTable I. The c1trlc acld 
concentratlon was 2% (wIv). Integrated abeorbance (A-s) are preseo!ed for each prome. 
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sorbances oí Pb. No significant difIeren­ for Pb IS seen in Fig 4; optimum tempera­
ces (p> 0.001) were observed from 0.01 tures were found to be 800 oc and 1600 
to 0.1 M rutric aCid, on fue Pb spectro­ oc, for fue forroer and fue latter. respec­
scopic signal. tively. The proposed Pd modifier (2 mg/L) 

Optimizatlon of fue oxygen-ashing and citric acid (2% w Iv) were used for 
pyrolysis and atomization temperatures aqueous standards , Behring material 

TABLEn 

BACKGROUND-CORREGrED INfEGRATED ABSORBANCE VALUES FOR 

Pb (± ONE S'fANDARD DEVIATlON OF FlVE REPUCATES) OBTAlNED 


FOR VARIOUS CONCENTRATlONS OF NITRlC Acm 


Type of HNOg Concentratlon (mole/L) 
Sample 0.01 0.05 0.1 

Aqueous 
Standard 0.075 0.074 0.074 
(25 ~Pb/L) ±0.OOI3 ±0.OO42 ±0.OO68 

Behring 0.064 0.062 0.062 
Material ±0.OO09 ±0.OO32 ±0.OO57 

Real 0.048 0.047 0.047 
BJood ±0.OO04 ±.OO23 ±0.OO32 

n.o'/() ~ 

o.~o 

0.010 

600 100 1000 1200 1400 1600 1800 2000 

lUIPEItAfUltE, ·c 

Fig. 4. Oxygen-ashing pyrolysis and atomlzatlon cwves for Pb with the use of the proposed Pd modifier 
(2 mg/L) and eUrie acid (2%. w/v). (O) aqueous standard (25 Ilg Pb/L). (6) Behrtng material. ( • ) real 
blood sample. 
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Fig. 5. Absorbance-tlme profiles for Pb ustng an 
atomization temperature oC 1600 ·C. a palladium 
concenl:ration of 2 mg/L and 2% w/v eUrie actd. 
Integrated absomances are shown in parenthesls. 
A. a 25-p.g Pb/Laqueous standard. B. a real whole 
blood test portion diluted IO-fold (sample Bl. C. 
sample B + 100000g Pb/L. D. sample B + 20¡.1.g Pb/L. 
E. sample B + 3O¡.I.g Pb/L. 

and real blood samples. 
The study oí non-spectral inter­

ferences (multiplicative errors) was car­
I1ed out by companng tl1e slopes oC the 
caltbration graphs with those obtaJned 
by the standard addltion method (Figwe 
5). The whole blood (6 specimens) and 
the SRM blood standard. analyzed by the 
method oC standard addltion. ytelded 
graphs with slopes (m = 0.0030. r = 
0.9998)thesameasthoseoCtheaqueous 
standard calibration curves. 

Accuracy was tested by using the 
NIsr standard (SRM-909) and the Behr­
ing mateI1al (OSSD 21). Samples were 
also analyzed with a methodology 
reported already (11) and comparisons 
were established against the proposed 
method. Results ate presented in Table 
ID. RecoveI1es studles were also per­
Cormed by carrying out trtplJcate deter­
minations oC Pb in six whole blood test 
portlons, as detailed in Table N; the 
average recovery was 100± 1% (range 98 
- 102%). 

The within- and between-run 
precision values for the 'determination oC 
Pb in three real samples are shown in 
Table V. Approximate standard devia­
tions ofO.3 and 0.711g Pb/Lwere Cound 
Cor the Cormer and the tatter, respective-
Iy. 

DISCUSSION 

A palladium concentration of 2 
mg/L was convenient to be used for a 
wide range oC Pb concentrations and 
ytelded to an excellent sensiUvity 
(Figures 1 and 2). A cUrtc acid concentra­
tion of2% wIv was Cound to produce the 
highest absorbance signa! for aqueous 
and blood Pb, leading to results that were 
in accordance With the target values of 
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TABLEIll 
ACCURACY OF THE OETERMINATION OF BLOOO LEAD (mean ± SO, Ilg Pb/L) 

BY GRAPHITE FURNACE ATOMIC ABS0RPI10N SPECTROME'ffiY 

Target Found Relatlve error,% 

NISf standard (SRM-909) 23.7± 2.1 a 21.2 ± 0.7 11.8 

Behring Control 
81000 for Metal 1 (OSSD 21) 413 ± 51 b 407± 6 1.5 

Real BloOO Test Portlons 
1 95± 3c 94± 4 1.1 
2 64± 3c 59± 8 7.8 
3 48± 2c 48± 7 
4 51 ± 3c 55± 5 7.8 
5 47± 1 c 48± 10 2.1 
6 89± 6c 80± 10 10.1 
7 71 ± lOc 66± 9 7.0 
8 158± 5c 160± 8 1.3 

.. Value certlfled by NIST (USA) , 
b Value certIfIed by Bebrtng Instltute (Gennany) 
e Value certIfIed by uslng a reported methodology (1 U 

the certified blood lead materials SUp­ Decreased tntegrated-absorbance 

plied by NIST and Behring lnstltute. signals (Figs 1 and 2) were found when 

CUric acid origtnated a more favorable an excessive amount ofPd was used (ca. 

environment for the reductlon of Pd. > 2 mg Pd/L). A comparable behavior 

providi:ng for a more consistent perfor­ was also observed by Puchades et aL (14) 

mailce (18). when studying the influence of the con-


TABLEIV 

RECOVERY OF LEAD ADDED TO TEST PORTIONS OF REAL WHOLE BLOOD 


Added Expected Found Recovery 
(pg Pb/L) Úlg Pb/L) (Jlg Pb/L) (%) 

10 102 101 99 
10 108 106 98 
20 112 113 101 
20 118 118 100 
30 122 124 102 
30 128 128 100 

100± 1 % 
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TABLEV 
WITHIN- AND BE1WEEN-RUN PRECISIONVALUES FOR THE DETERMINATION 


OF BWOO LEAD BY GRAPHI'IE FURNACE ATOMIC 

ABSORPnONSPECTRO~RY 

Real Meanl Within-run2 Between-runs3 

Blood Concentration SO RSO SO RSO 
Specimens (J.tg Pb/L) (M Pb/L) (%) (J.tg Pb/L) (%) 

1 12.0 0.3 2.5 0.9 7.5 

2 10.2 0.5 4.9 0.8 7.8 

3 8.5 0.2 2.4 0.3 3.5 

1 In blood test portions dlluted ten-fold 
:& Triplicate samples; three runs each 
3 Triplicate samples per analysls; three runa each and analyzed over a ftve-day periodo 

centration of a phosphate modifier on 
the analytical atomic absorption Signa! 
of Pb in a graphite furnace. Two possible 
reasons could be argued: 1) an "over­
stabilization" (l1) of the analyte as a 
result of the coating of the graphite sur­
face with Pd, making thus the carbon 
unavailable for the reduction of Pb to 
forro elemental Pb in a quantltatlve 
fashion, and 2) an analytical sensitivUy 
decrease caused by the gradual 
deterioration of the graphite platform in­
duced by the corrosive effect of Pd (15). 
The mechanism(s) of stabilization of the 
Pd is not fully understood yet. However, 
it has been speculated that Pd may 
originate an "alloy" with the Pb (l7). Our 
own idea on this matter is that Pd exer­
cises a "catalytic activity" and forms an 
"intennetallic cluster" with the Pb. 
Whatever the reality is. the Pd con­
centratlon is crucial and should be care­
fully selected in order to be able to 
produce accurate anaIyses. 

It can be observed from Fig 3 that 
the best Pb absorbance-time proflles, 
with respect to the shape ofthe atomiza­

tion pulse (fairly symmetric with míni­
mum tailing and retuming to the base 
line within 1 to 2 s after its appearance) 
were obtained at a Pd concentration of 2 
rng/L. Additionally. similar appearance 
times were obtained for both aqueous 
standards and blood samples. as 
reported by Hinds and Jackson (9) for 
soU lead. These findings contrast with 
the difierent peak shapes exhibited by 
lead in unmatched standards and 
samples when using phosphate 
modifiers (l1, 13) or without modifier (4). 

Nitric acid did no exert any sig­
nificant effect on the spectroscoplc be­
havior of Pb. at concentrations ranging 
from 0.1 to 0.01 M. However, the higher 
the acid concentration the worse the 
reproducibiUly, probably due to the 
ability of HNOs to oxidize the surlace of 
the graphite platform; the oxidized sur­
face would then have fewer active reduc­
ing sites available for the reduction ofPb 
compounds to atomic Pb (6). Yet, the ad­
dition of a low concentration o[ HN03 
prevents adsorption oíthe melal onto the 
container walls and the metal 
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hydrolysts; these are the reasons for us 
to advise its use. 

The optimum conditlons that we 
recommend for the preparatlon of the 
whole blood for the GFAAS determina­
tion ofPb are as follows: ten-fold dilutlon 
of the test portion with 0.1% vIv triton 
X-lOO, use of a modifier solutlon con­
taining 2 mg Pd/L and 2% wIv citric acid 
in 0.01 M nitric acid, and sequentlal in­
jectlon of 10 J.1L of blood and 10 J.1L of 
modifter solutlon onto the L'vov plat­
formo 

It should be emphasized that the 
new fuInace parameters, used for the 
GFAAS determinatlon oíwhole blood Pb, 
were achieved with (1) a pyrolysis step 
under an oxygen atmosphere and (ll) a 
modifter solutlon containing palladium 
and citric acid (as descrtbed above). The 
former circumstance íavored the 
removal of concomitants (e.g., by com­
bustion oí the organic matr1x), prevent­
ing thus the build-up oí carbonaceous 
residues. taking place inside the 
graphite tube, which may result in 
decreased sensitivitles. 

The optimum pyrolysis and 
atomization temperatures íor Pb were 
determined by steadily increasing the 
temperatures íor fixed concentratlons oí 
Pb in aqueous solutlon. blood standard 
and real samples. and noting the 
temperatures where the optimum sig­
nals íor Pb were seen (Fig 4). Below the 
optimum pyrolysis temperature oí 800 
oC the effects of the matr1x are seen and 
above that optimum a loss oí Pb probah­
ly accounts for the decreasing signal. 
The successful use Oí02 (e.g.• air) durtng 
the pyrolysis cycle allowed for a more 
complete removal oí the organic-based 
matrix by converting a pyrolysis process 
to a combustion process. eliminating the 

build-up of the carbonaceous residues, 
as cited already. These blocked the optl­
cal beam. increased the nonspecific ab­
sorbance signal durtng the atomizatlon 
CYcle and produced an erratic release oí 
the analyte metal which affected the 
analytical accuracy. Similaritles in the 
shape oí the Pb pyrolysis optlmizatlon 
curves have been reported by others 
(6.7.10.14). 

Besides the stabilizatlon to higher 
pyrolysis temperatures. the applicatlon 
oí a modifier usually permits the use oí 
higher atomizaUon temperatures. 
However. Schlemmer and Welz (I7) 
reported that the effect oí the Pd modifier 
on atomizatlon temperature. in com­
parison with the traditlonally recom­
mended modifiers. ls not uniformly in 
one dlrectlon. For instance, the optimum 
atomizatlon temperatures for arsentc 
and antlmony. which are íairly high tí 
nickel is used as the modifter. can be 
lower with the applicatlon oíPd (ca. from 
2400 oC down to 2100 OC). We íound a 
comparable situation when switching 
from phosphate (ca. 2300 OC) (11) to Pd 
(ca. 1600 OC). It can be seen from Fig. 4 
that the atomizatlon curves exhibtted a 
pronounced maximum. The drop to 
lower integrated absorbanee values at 
higher temperatures was most Ukely 
caused by increasing diffusional losses 
oí Pb atoms under these conditions. 
Thus. in accordance with these results 
Pb was quantitatlvely atomized from the 
L'vov platform at 1600 oC. This lower 
temperature contributed to extend the 
liíe oí the pyrolytic graphite coated 
graphite tubes and oí the platforms. al­
lowing up to approximately 350 firings. 

Results from the standard additlon 
method served to demonstrated the ah­
senee of non-spectral interferenees in 

http:6.7.10.14
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the GFMS determtnatlon of whole blood 
Pb by the proposed method. For this 
reason, whole blood Pb levels were 
evaluated agatnst aqueous Pb standard 
caltbration graphs. Furthermore, no 
chemical interference from the dUuent 
(triton X-lOO) was found: thus, tt was 
unnecessary to add triton X-lOO to the 
aqueous Pb standards. 

The accu:racy of the method (Tables 
m and IV) was tested in four dtfferent 
ways: (1) by analyzing the standard 
reference material from NIsr (SRM-909) 
and (U) the Behring Control Blood for 
Metal 1 (OSSO 21), (ill) by comparing the 
results with those obtatned when ustng 
our method described previousIy (11), 
and (Iv) by employtng recovery studies. 
The preciston was thoroughly evaluated 
(Table V) and results can be constdered 
as adequate for this type of analysts. In 
general, the performance of these two 
analytical parameters attested to the ex­
cellence of the developed GFAAS-based 
methodology for blood Pb. 

The detection limit (3cr) and the 
characteristic mass, Il1o, (for 1 O-J.lL injec­
tion volume) were 0.1 ¡.tg Pb/L and 15 pg 
Pb/0.0044 A-s, respectively. The Il10 
values for Pb, reported by Pruszkowska 
etal. forriverwater (13), and Schlemmer 
and Welz for sea water (17), are 13 and 
12 pg Pb/0.0044A-s, respectlvely. As ex­
pected, these values are similar to ours, 
because Il10 will be independent of the 
matrix under study if the GFAAS 
analysis is free from interference. 

The proposed method has been 
used in our laboratory to establish the 
whole blood lead levels exhibited by 31 
patlents with chronic renal failure (CRF) , 
undergoing hemodialysts treatment at 
Maracaibo University Hospital, 
Venezuela, and by control individuals. A 

mean Pb concentration of 59 ±39 MIL 
(range: 12 - 160 Ilg Pb/L) was found for 
the renal patients. This is somewhat 
lower that a value reported by us pre­
viously (ca. 135 ± 18 ¡.tg Pb/L), for a more 
homogeneous population of CRF 
patlents (16). In any case, persons with 
a normal kidney functlon have a higher 
blood Pb (ca. 189 ± 33 ¡.tg Pb/L, n = 69 
controls) (12.16), ·because Pb intoxica­
tion depends to a large extent on en­
vironmental and occupational exposure 
(2) and the restricted habits of patients 
with renal insufficiency protect them 
from overexposure (12). 

It Is concluded that the GFAAS 
method described aboye 1s sufficiently 
sensitlve, accurate. and precise and can 
be applied to a wide range of Pb con­
centrations. It provides. therefore. an im­
portant alternative for the determination 
of lead in whole blood. 
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RESUMEN 

Determinación de Plomo 
Sanguíneo por Espectrometria de Ab­
sorción Atómica con Horno de Grafito 
y Modificación por Paladio. Granadillo 
V. A. (LaboratOrio de Instrumentación 
Analítica. Facultad Experimental de 
Ciencias. Universidad del Zulla. 
Maracaibo 4011, Venezuela), Navarro 
JA., Romero RA. InlJest Clin 32(1}: 27­
39,1991 
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En este trabajo se presenta un 
método para la determinación del plomo 
sanguíneo por espectrometria de absor­
ción atómica con horno de grafito. 
empleando paladio como modificador 
químico. Las muestras de sangre se 
diluyeron 10 veces con una solución de 
triton X-lOO al 0.1%; 10 J1L de esta 
solución y 10 J.lL del modificador de 
paladio (2 mg Pd/L. ácido cítrico al 2% 
p/vy ácido nítrico O.OlM) se inyectaron 
sobre la plataforma de L 'vov. empleando 
el modo de volumen alterno. Se usaron 
los siguientes parámetros de operación 
del horno: (a) etapas de secado. 120 oC 
por lOs y 250 oC por 30s; (b) etapas de 
pirólisis, 800 oC por 45s (con oxigeno) y 
1100 oC por 25s: (c) atomización. 1600 
oC por 3s; (dllimpieza, 2700 oC por 4s. 
La exactitud se evaluó mediante (i) 
standards de la NISf (SRM-909) y de la 
Behring (Control Blood for Metal 1, 
OSSD 21) con concentraciones de plomo 
de 23.7 ± 2.1 y 413 ± 51 J.tg/L. en­
contrándose 21.2 ± 0.7 y 407 ± 6 J.lg/L, 
respectivamente; (ti) estudios de 
recuperación (ca. 100 ± 1%), y (ill) con­
tra un método reportado (error relativo 
promedio: 5.1%). En el estudio de 
precisión se encontraron desviaciones 
standards aproximadas de 0.3 (en la cor­
rida) y 0.7 (entre muestras) J.lg Pb/L. El 
limite de detección (30) y la masa carac­
terística (para un volumen de inyección 
de 10 J.lL) fueron 0.1 J.tg Pb/L Y 15 
pg/0.0044 A.s. respectivamente. La 
aplicación de este método en el estudio 
de los niveles plúmbicos de una 
población renal reveló una con­
centración media (± SD) de 59 ± 39 J.lg 
Pb/L (rango: 12 - 160 J.tg Pb/Ll. 
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