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COMMENTARY

Screening techniques for undue lead exposure

in children: Biological and practical

considerations

TuHErRE ARE, in the United States to-
day, only two large-scale screening programs
(Chicago* and New York City?) for the
detection of undue exposure to lead, in-
creased lead absorption, and lead poisoning
in children. Data collected in these and
earlier pilot studies®® indicate that prospec-
tive screening of preschool-age children in
old, deteriorated housing areas is likely to
reveal that 5 to 10 per cent have unsuspected
increased lead absorption and that 1 to 2 per
cent may have findings compatible with the
diagnosis of lead poisoning. A much larger
number will show evidence of undue exposure
to lead. The 5 year experience in Chicago is
of particular interest because the data suggest
that systematic screening in conjunction with
an experienced central laboratory, community
awareness, and an organized treatment and
follow-up program have apparently signifi-
cantly reduced the incidence of increased
lead absorption and severe acute lead poison-
ing in the group of children being screened
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and followed. The prevalence of leaded paint
in old housing®® and the poor prospects for
rapid abatement of this environmental hazard
to children make it likely that children who
live in old houses in many communities will
have to be tested repeatedly during the pre-
school years. These considerations make the
need for reliable and biologically sensitive,

Abbreviations: ALAD = §-aminolevulinic acid de-
hydratase, FEP = free erythrocyte dehydratase, ALA
= $-aminolevulinic acid}: CP = coproporphyrin,
AAS = atomic absorption spectrophotometric, ASV
= anodic stripping voltammetry, CaEDTA = edatha-
mil calcium disodium.

but simple, screening techniques abundantly
clear. Several approaches which require 0.1
ml. of blood or less are now being field tested.
Some measure lead in blood, whereas others
are designed to measure one of the adverse
responses to increasing concentrations of lead
in the tissues.

The concentration of lead in whole blood
may be the best index of the level of current
and recent absorption of lead in children.
The risks of acute adverse effects on health
can also be estimated on the basis of blood
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lead concentration. In general, a continuum
of increasingly severe, adverse metabolic,
functional, and clinical effects may be cor-
related with several ranges of blood lead con-
centration. As described elsewhere,®* four
ranges may be recognized: (1) normal (m
= 20 pg Pb¥*; range 5 to 40 pg Pb) 1% 1* (2)
undue exposure to lead (> 40 pg Pb), (3)
increased lead absorption (50 to 80 ug Pb),
and, (4) clearly evident clinical lead poison-
ing (usually associated with concentrations
> 80 ug Pb). Concentrations greater than
40 ug Pb almost certainly indicate additional
absorption of lead from a source(s) other
than normal uncontaminated food and drink
and, hence, undue exposure to lead. The
biological adequdcy of a screening technique
may be judged by its ability to separate these
four groups of children. Perhaps the most
important criteria are a high degree of
specificity for lead and sufficient sensitivity to
identify children with blood lead concentra-
tions in the 50 to 80 pug Pb range: Most
children in this range may be expected to
show evidence of impaired heme synthesis.
Whether the subclinical thresholds for other
significant adverse effects on the health of
young children may also lie somewhere within
this range 1s not now known.

The options for screening include measures
of exposure and absorption (lead in blood,
urine, and hair) and measures of some of the
adverse metabolic responses to increasing con-
centrations of lead in the soft tissues (changes
in osmotic resistance of circulating red blood
cells, in vitro assay of §-aminolevulinic acid
dehydratase [ALAD] activity in peripheral
blood, porphyrin in blood primarily free
erythrocyte protoporphyrin [FEP]), §-ami-
nolevulinic acid (ALA) in serum, and ALA
and coproporphyrin (CP) in urine. Else-
where in this issue, Qazi and Madahar** re-
port a promising and simple but relatively
nonspecific screening technique based on
alterations in osmotic resistance of red blood
cells, and Specter and associates’® present
clear evidence of the inadequacy of the

#It is understood that blood lead concentrations are

expressed throughout in terms of gg Pb per 100 Gm. ot
whole blood.
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measurement of the concentration of ALA
in random samples of urine as a screening
technique in children. These and other op-
tions may be considered in terms of their
biological sensitivity and specificity and
their clinical and analytical practicality.
When the screening programs in Chicago
and New York City were started, whole blood
lead concentration was chosen as the most
reliable direct index of exposure and the level
of absorption and risk in the child. Methods
of analysis requiring whole venous blood
samples were selected despite the field sam-
pling problems involved in securing a 5 ml.
sample of blood; other methods of analysis
available at that time did not yield results of
sufficient accuracy. Other health departments
which have provided a laboratory diagnostic
service have long relied on blood lead deter-
mination because it is the single measurement
which best fulfills the varied needs of health
departments and physicians. Accurate deter-
mination of lead (and other trace metals) in
body fluids requires scrupulous care in the
collection of samples, as well as in laboratory
procedures. Samples of blood and urine must
be collected with lead-free equipment. (This
equipment is often specially cleaned and sup-
plied by the laboratory performing the analy-
sis.) In the laboratory, reliable standard
methods, quality control techniques, com-
petent analysts, and continuous experience
with the method are all essential. A recent
interlaboratory study®® revealed that only 40
per cent of the 61 participating laboratories
reported results of acceptable precision for
lead in blood. As a result of this study,
Keppler and associates’® made a number of
recommendations including the following:
adoption of standard methods for blood lead
analysis, certification of laboratories, and the
use and exchange of standard blood reference
samples, The “USPHS” dithizone method"
has served in recent years as a suitable refer-
ence method for other techniques. Criteria
for the evaluation of the newer atomic ab-
sorption spectrophotometric (AAS) and other
techniques may be found in the analytical
literature'® **: These techniques have the
potential for far higher output than do pre-
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cise dithizone methods. Even so, the amounts
of lead found in normal and slightly abnor-
mal blood approach the detection limits and
sensitivity of conventional atomic absorption
spectrophotometric methods. Of particular
interest with respect to the screening of chil-
dren are several microtechniques which re-
quire 0.1 ml. of blood or less. Two are flame-
less AAS techniques?*-?® while a third AAS
method?* employs the flame. Although the
initial reports indicate excellent agreement
with conventional macro-AAS techniques,
time and experience will determine whether
other workers can obtain the same precision
and accuracy in blood which the developers
of each of these techniques have reported. Of
particular interest is a highly specific electro-
chemical technique employing anodic strip-
ping voltammetry (ASV).* This method,
which is now being field tested, requires 0.05
to 0.1 ml. of blood for lead analysis; with this
microsample, one need not work so close to
the detection limit for lead as with the AAS
method. It may be anticipated that one or
more of these micromethods will prove suit-
able for clinical needs when more experience
is gained in both field sampling and labora-
tory techniques. Past experience and other
analytical considerations indicate that only
those laboratories where lead analyses are
made on a continuous basis are likely to pro-
duce reliable results: It is highly unlikely
that a laboratory in which lead analyses are
made sporadically can produce results of suf-
ficient accuracy and precision,

Measurement of the concentration of lead
in urine (pg Pb per liter) in casual samples
of urine gives an insensitive and variable
index of lead exposure; indeed, spontaneous
urinary lead excretion may even be within
normal limits in children with acute clinical
lead poisoning.?® This method has the poor-
est correlation with other indices of the
“toxic” or mobile fraction of the total body
lead burden. Aside from the difficulties of
collecting urine samples from young children,
it would be the poorest biological choice as a
screening technique.

Measurement of lead in hair may prove
to be a most useful epidemiologic tool for esti-
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mating differences in the levels of long-term
community exposures to lead in varied groups
of the population.?” The washing technique
for the removal of adsorbed air- and dust-
borne lead from the hair is critical; even so,
doubt still remains as to what portion of the
remaining lead represents lead absorbed into
the body, which is subsequently incorporated
into the growing hair. Although lead in hair
is of considerable interest to the epidemiolo-
gist, it does not now appear suited for the
evaluation of individual human subjects.
Data in both children and adults are consis-
tent with the hypothesis that arithmetic in-
creases in blood lead concentration are associ-
ated with exponential increases in the mobile
fraction of the total body lead burden as mea-
sured by the edathamil calcium disodium
(CaEDTA) mobilization test and with
exponential increases in the accumulation
and excretion of heme precursors,!* These re-
lationships suggest that screening techniques
based on measures of adverse responses,
such as impairment in heme synthesis, may
prove to be relatively insensitive to minimal
increases in blood and tissue lead concentra-
tions; on the other hand, they became pro-
gressively more sensitive (and toxicologically
significant) at higher concentrations of
lead in blood and soft tissues. The tech-
nique of Qazi and Madahar,'* reported
elsewhere in this issue, appears simple
and adequate for screening purposes by the
criterion of sensitivity, although the effect
being measured has low specificity for lead.
Normal children and those with blood lead
concentrations greater than 60 ug were sepa-
rated by their simple technique. Others?™ 28
who have studied the phenomenon of in-
creased osmotic resistance of circulating red
blood cells in occupationally exposed adults
have noted that time, the concentration of
sodium chloride in the incubating medium,
and the increased mechanical fragility of red
cells associated with plumbism may be critical
factors in this test. Accordingly, those who
attempt this screening approach would be
well advised to adhere strictly to the micro-
technique proposed by Qazi and Madahar.'*
As noted by these authors, the test is non-
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specific so that confirmation by more specific
measures and clinical evaluation is required.
No “false negative” results are noted by them.

The most specific measure of response to
increasing concentrations of lead in blood
now known is the in vitro assay of ALAD ac-
tivity in peripheral blood. Only acute alcohol-
ism is known to cause a comparable effect.?
Studies of venous blood samples from
adults®-%% and a few children®* show a nega-
tive linear correlation between the log of
ALAD activity and bloed lead concentrations
of 5 to 95 ug Pb and higher; all reports indi-
cate that there is rather wide scatter about
the regression line. Hernberg and associates®®
have recently reported serial observations in
a few adults which suggest that in vitro
ALAD activity may remain constant in a
given individual with a constant level of
exposure and a relatively constant blood lead
concentration. A microadaptation of this
procedure® showed little apparent capability
to discriminate among children with blood
lead concentrations between 40 and 120+ ug
Phb, so that one half or more of the children
tested by this technique would have to be
retested by more sensitive alternate proce-
dures. For example, the need for chelation
therapy could not be based on such an in-
sensitive test. Strande®? reported that another
micro-ALAD assay showed statistically signifi-
cant correlation with blood lead concentra-
tion, but that the wide scatter made direct
assay impractical as a screening technique.
Perhaps when more is learned about the bio-
logical and technical aspects of the ALAD
assay, microtechniques will be found which
are suitable for clinical use in children. The
concentration of ALA in serum is so low in
normal persons that chemical determination
is unlikely to be sufficiently sensitive for
screening purposes; however, it is a useful
measurement in persons with clinical acute
lead poisoning.

Pilot studies®® 3 indicate that the concen-
tration of FEP in lead-poisoned children is
25 to 250 times greater than normal; biologi-
cally, this may be one of the most sensitive
measures of adverse response to lead which
has the potential for measurement in capil-
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lary samples of blood. Only erythropoietic
protoporphyria, an uncommon genetic dis-
order, is associated with comparable eleva-
tions in FEP. Severe iron deficiency states®®
and diseases characterized by impaired uti-
lization of iron may show lesser increments
in FEP, so that measurement of FEP alone
does not separate mild to moderately in-
creased lead absorption from these disease
states. However, no biological “false nega-
tives” are likely to be found. The fluorescence
of porphyrins makes them detectable in con-
centrations well below 0.1 pg per milliliter.
Nelson and associates® wused fluorescence
microscopy to estimate porphyrin concentra-
tion semiquantitatively in fresh smears of
peripheral blood. They report good correla-
tion between the “fluorocyte count” and the
response to CaEDTA in children with sub-
clinical and clinical lead poisoning. Fluores-
cence microscopy for porphyrins has not
found wide clinical use in the past because
the technique apparently requires considera-
ble experience and a technician with rapid
color discrimination for the fleeting red fluo-
rescence of protoporphyrin in blood smears.
A sensitive microphotofluorimeter can bypass
this human variable (color vision) and so
facilitate the quantitative measurement of
porphyrin in blood. This possibility is now
being field tested.

Elsewhere in this issue, Specter and as-
sociates® report important negative data.
They find that measurement of the concen-
tration of ALA in random samples of urine
from children is quite inadequate for screen-
ing purposes. This is in agreement with the
report of Blanksma and associates®® and with
the findings of several unpublished studies
which this commentator has seen. The prob-
lem is not technical; rather it is biological.
Although quantitative daily urine collections
yield meaningful data which are quite useful
from the viewpoint of clinical research, the
wide range of variation in the concentration
of ALA and CP in individual urine samples
makes this approach useless for screening
purposes since subclinical increases in lead
absorption cannot be differentiated from nor-
mal. Qualitative urinary tests for ALA and
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CP do not clearly separate “normal from ab-
normal” until blood lead concentration ex-
ceeds the 80 to 100 ug range. The clinical
usefulness of such urine tests in children®® **
is limited: These tests serve only as rapid
emergency room diagnostic aids in ill chil-
dren. In industry, these tests find wider use
because urine can be collected under stan-
dardized conditions, serial observations can
be obtained, and trend of serial observations
can be interpreted together with other
laboratory data and clinical evaluation.

For a number of reasons, the concentration
of lead in blood is the single most useful
index of exposure to lead and the risk of
adverse effects associated with increasing
concentrations of lead in the soft tissues. The
fact that a number of laboratories do not at
present perform this analysis with sufficient
accuracy and precision does not negate the
toxicologic importance of this measurement;
rather, physicians and the Public Health
Service should support local health agencies
in their efforts to develop adequate laboratory
capability for the needs of the community.
Health departments, on which this task is
most likely to fall, must have the capability
to measure lead not only in body fluids but
also in environmental samples. There is every
reason to believe that one or more of the
microtechniques for blood lead determina-
tion now in the developmental stage will be
operational soon. When these methods are
published, the thoughtful clinician will want
to know the inherent analytic variation for
each technique and how each compares with
the established reliable methods which require
the larger venous blood samples. The needs
of physicians and clinics are somewhat dif-
ferent. Adequate evaluation, treatment, and
follow-up of patients found to have increased
lead absorption require measurements of both
absorption and adverse response, together
with careful clinical evaluation. Among the
measures of response which have potential
for screening are the techniques of Qazi and
Madahar** reported in this issue, improved
micro-ALAD assay and measurement of por-
phyrin in blood. It is most unlikely that any
urine test will be suitable for the screening
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of young children. Techniques which do not
give rise to false negative results, which
reliably separate persons with blood lead con-
centrations greater than 50 ug Pb from those
with normal wvalues, and which can be
repeatedly performed on capillary blood
samples will provide considerable improve-
ment over what has been available in the
past. Ideally, a screening technique should
also have the capability of identifying, as a
separate group, those with blood lead concen-
tration greater than 80 ug, since it is this
latter group which is at greatest immediate
risk.

I. Julian Chisolm, Jr., M.D.

Johns Hopkins University School of Medicine
Baltimore City Hospitals

Baltimore, Md.
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