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ABSTRACT 

Research has shown that exposure to lead may have adverse effects at differ­
ent blood lead concentrations. Lead inhibits at least two enzymes that are essen­
tial for the formation of heme, and because of the interaction of lead with these 
enzymes, no iron is inserted into protoporphyrin. Therefore the concentration of 
protoporphyrin increases in erythrocytes. The concentration of lead was measured 
by atomic absorption at 217.0 nm. The erythrocyte protoporphyrin was determined 
following extraction into 90% ethanol.The concentration of protoporphyrin in 
the blood of the lead exposed rat group was increased compared to that in the 
control group [12.46 +/- 0.57 (mean +/- S.D., n= 72) vs. 3.89 +/- 0.42, n=68, 
)lmollL, p<0.05]. The assay had excellent precision for both control and lead 
exposed groups (intra-assay and interassay coefficient of variation<5%). The 
method was linear from 0.0 to 12.46 )lmollL of erythrocyte protoporphyrin. A 

good relationship was obtained between erythrocyte protoporphyrin value and 
blood lead concentration. The results suggest that the erythrocyte protoporphyrin 
value obtained by this method could be used as a screening test for lead poison­
mg. 
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INTRODUCTION 

Several laboratory tests have been evaluated for occu­
pational lead exposure. The detennination of various me­
tabolites such as coproporphyrin and delta-aminolevulinic 
acid has been widely used to detect occupational lead expo­
sure. 1.2 Within the last few years, practical and effective tests 
for the diagnosis of lead poisoning have been developed. 
These include measurements of blood lead and erythrocyte 
protoporphyrin levels. In particular, measurement of eryth­
rocyte protoporphyrin has become a useful test for increased 
lead absorption.3A.s Lead inhibits at least two enyzmes that 
are essential for the formation of heme, namely 0-
aminolevulinate dehydrogenase (ALA-D; E.C. 2.6.1.43) and 
ferrochelatase (EC 4.99.1.1.). Because ofthe interaction of 
lead with ferrochelatase in bone marrow, no iron is inserted 
into the substrate protoporphyrin IX, and the concentration 
of the latter is therefore increased in erythrocytes.6,7 Lead 
has a strong affmity for bone and aorta, accumulating in 

both tissues with age. In addition, lead poisoning has come 
to be recognized as a serious health hazard especially among 
ghetto children.8•9 Clinical symptoms oflead poisoning ap­
pear only at toxic levels, and it is, therefore, important to be 
able to detect lead poisoning in the subclinical phase and 
prevent further contact with lead.lo The concentration of 
erythrocyte protoporphyrin in the blood increases exponen­
tially in lead poisoning. II Although lead intoxication per­
turbs marlY metabolic processes, the primary screening vari­
ables have been the concentration ofP b in blood and more 
recently the free erythrocyte protoporphyrin level in 
blood.12.13 In case of iron deficiency and lead poisoning, zinc 
is incorporated into protoporphyrin IX instead of iron, and 
zinc protoporphyrin is produced instead of heme. 14 As stated 
in a recent document of the national committee for clinical 
laboratory standards, expression of the results of erythro­
cyte zinc protoporphyrin in different units is a main source 
of confusion which may hamper the wide use of this test. 
The possible interconversion of the ZPP values expressed 

297 







Effect of Lead on Erythrocyte Protoporphyrin 

Table III. Precision of the spectrofluorometric assay for measur­
ing erythrocyte protoporphyrin. 

Sample n Mean (mmollL) SD Coefficient of 
variation (%) 

Intra-assay 
Control 

low 12 0.36 0.07 1.15 

medium 12 7.51 0.12 0.91 

high 12 12.45 0.15 0.57 

Sample 

low 12 2.45 0.07 1.41 

medium 12 7.53 0.01 0.11 

high 12 12.44 0.05 0.15 

Interassay 
Control 

low 12 3.71 0.14 2.11 

medium 12 7.54 0.22 1.62 

high 12 12.42 0.37 1.51 

Sample 

low 12 3.75 0.16 2.12 

medium 12 4.75 0.18 1.87 

Each value represents the mean+/-S.D. of! 0-12 experiments, each 
assayed in duplicate. 
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Fig. 3. Plot of the linearity presenting obtained vs. expected val­
ues. Equation of the relation: Obfained= (1.012+/-0.028)x Ex­
pected -(0.866 +/- 0.712), r2= 0.99. Each value represents the 
mean +/-S.D. of 10-12 experiments. 
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