264

E‘Dwgmanm & ”[‘matmem
of Tead Fc ﬁg@nmg




Diagnosis & Treatment
of Lead Poisoning

- Papers by
J. Julian Chisolm, Jr., Kathryn R. Mahaffey (Six),
Arthur L. Aronson et al.

MSS Information Corporation
655 Madison Avenue, New York, N.Y. 10021



Library of Congress Cataloging in Publication Data
Main entry under title:

Diagnosis and treatment of lead poisoning.

Collection of articles previously published in various
journals.

Includes index.

CONTENTS: Toxicity of lead: Chisolm, d. d., Jr.,
Increased lead absorption: toxicological considerations.
Mahaffey (Six), K.R., Goyer, R. A., and
Haseman, J. K. Dose-response to lead ingestion in rats
fed low dietary calcium. [etc.]

1. Lead-poisoning — Addresses, essays, lectures.

I. Chisolm, J. Julian. II. Hafaffey, Kathryn R.,
1943- III. Aronson, Arthur L.

[DNLM: 1. Lead poisoning — Diagnosis — Collected works.
2. Lead poisoning — Therapy — Collected works. QV292
D536]

RA1231.L4D5 615.9°25°68808 74-26898
ISBN 0-8422-7262-3

Copyright © 1976
MSS Information Corporation
All Rights Reserved



TABLE OF CONTENTS

Credits and Acknowledgengents .............c0o00uvns
PYOIETE: o o vio e ia 66 5 518 in 588 e @ win wreuy zeve; ove & B 6id 0 Bum wem

Toxicity Of Liead . .« s s aas s s siow sisw s siossinasinnss

Increased Lead Absorption:
Toxicological Considerations ............ Chisolm

Dose-Response to Lead Ingestion
in Rats Fed Low Dietary Calcium. . . . Mahaffey(Six),
Goyer and Haseman
Experimental Enhancement of Lead
Toxicity by Low Dietary Calcium ... Mahaffey(Six)

and Goyer
The Influence of Iron Deficiency
on Tissue Content and Toxicity
of Ingested Lead in the Rat. ...... Mabhaffey (Six)
and Goyer
Lead Poisoning in Cattle and Horses
following Long-Term Exposure to
ERBA, & ais 0 bié 0 516506 5 16 GwE SIS B 0F F O 608 @ Aronson
Detection of Lead Toxicity. ...........co0vvvenennn.
Tests for Lead Poisoning. . . ............... Deutsch
Screening for Lead Poisoning ............... Lin-Fu
§ -Aminolevulinic Acid Dehydrase
as a Measure of Lead Exposure . ......... Hernberg,

Nikkanen, Mellin and Lilius
The Unsuitability of Random Urinary
Aminolevulinic Acid Samples as a Screening
Test for Lead Poisoning .............. Specter,
Guinee and Davidow
Screening Techniques for Undue
Lead Exposure in Children: Biological

and Practical Considerations . .......... Chisolm
Biochemical Tests for the Appraisal
of Exposureto Lead .. ................ Stankovic
Toxic Effects of Lead on Kidney
and CastrointestinallSystems. . ...........covvvnunn.

Lead and Protein Content of Isolated

Intranuclear Inclusion Bodies from
Kidneys of Lead-Poisoned Rats. ......... Goyer,
May, Cates and Krigman

10

14

23

33
42
45

46
48

50

56

62

69

75

76



Lead Concentration Found in Human

Blood in Association with Lead Colic . ...... Beriti¢
LeadPoisoning ..........c.ocviunevnnnnns Guinee
Toxic Effects of Lead Poisoning
on the Central Nervous System.................c...
Motor Neurone Disease and
ExposuretoLead ............. Campbell, Williams
and Barltrop

Effects of Lead on Blood Serum Components
and the Reticuloendothelial System

................

Aminoaciduria in Experimental
Lead Poisoning . .o oo sonuwsmscwsns Goyer, Leonard,
Bream and Irons
Prevention and Treatment ...............coveuunnns
Childhood Lead Intoxication:
Diagnosis, Management and Prevention..... Chisolm

Treatment of Acute Lead Intoxication —
Choice of Chelating Agents and Supportive

Therapeutic Measures . ............... Chisolm
Prevention of Lead Paint —
Or Prevention of Pica? .................. Lourie
Ambulatory Treatment of Lead
Poisoning: Report of 1,155 Cases . . ......... Sachs,

Blanksma, Murray and O’Connell

123
126

141

142

151

152
157

158

186

199



Diagnosis & Treatment
of Lead Poisoning

Papers by
J. Julian Chisolm, Jr., Kathryn R. Mahaffey (Six),
Arthur L. Aronson et al.

MSS Information Corporation
655 Madison Avenue, New York, N.Y. 10021



Library of Congress Cataloging in Publication Data
Main entry under title:

Diagnosis and treatment of lead poisoning.

Collection of articles previously published in various
journals.

Includes index.

CONTENTS: Toxicity of lead: Chisolm, J. d., Jr.,
Increased lead absorption: toxicological considerations.
Mahaffey (Six), K.R., Goyer, R. A., and
Haseman, J. K. Dose-response to lead ingestion in rats
fed low dietary calcium. [etc.]

1. Lead-poisoning — Addresses, essays, lectures.

I. Chisolm, J. Julian. II. Hafaffey, Kathryn R.,
1943- III. Aronson, Arthur L.

[DNLM: 1. Lead poisoning — Diagnosis — Collected works.
2. Lead poisoning — Therapy — Collecteéd works. QV292
D536]

RA1231.L4D5 615.9725’68808 74-26898
ISBN 0-8422-7262-3

Copyright © 1976
MSS Information Corporation
All Rights Reserved



TABLE OF CONTENTS

Credits and Acknowledgemtents .....................
PROLRCE & o vioum o msiomamssioom o sesssssssomssssss

Toxicityof Lead .. .......ccoviinneneenennennnnnns

Increased Lead Absorption:
Toxicological Considerations ............ Chisolm

Dose-Response to Lead Ingestion
in Rats Fed Low Dietary Calcium. . . .Mahaffey(Six),
Goyer and Haseman

Experimental Enhancement of Lead
Toxicity by Low Dietary Calcium ... Mahaffey(Six)

and Goyer
The Influence of Iron Deficiency
on Tissue Content and Toxicity
of Ingested Lead in the Rat....... Mahaffey (Six)
and Goyer
Lead Poisoning in Cattle and Horses
following Long-Term Exposure to
Tead ... mus.s manmes T 25 TIPS 243 41 g s IR T3 B Aronson
Detection of Lead Toxicity.......co0vveurenrennnna.
Tests for Lead Poisoning. ................. Deutsch
Screening for Lead Poisoning ............... Lin-Fu
& -Aminolevulinic Acid Dehydrase
as a Measure of Lead Exposure . ......... Hernberg,

Nikkanen, Mellin and Lilius
The Unsuitability of Random Urinary
Aminolevulinic Acid Samples as a Screening
Test for Lead Poisoning .............. Specter,
Guinee and Davidow
Screening Techniques for Undue
Lead Exposure in Children: Biological

and Practical Considerations ........... Chisolm
Biochemical Tests for the Appraisal
of Exposureto Lead . ................. Stankovic¢
Toxic Effects of Lead on Kidney
and Casteointestinal/Systems. . ....................

Lead and Protein Content of Isolated

Intranuclear Inclusion Bodies from
Kidneys of Lead-Poisoned Rats.......... Goyer,
May, Cates and Krigman

10

14

23

33
42
45

46
48

50

56

62

69

75

76



Lead Concentration Found in Human

Blood in Association with Lead Colic. . ..... Beritic
LeadPoisoning . .........cvovevvnneeennnns Guinee
Toxic Effects of Lead Poisoning
on the Central Nervous System.............c00u...
Motor Neurone Disease and
Exposureto Lead ............. Campbell, Williams
and Barltrop
Effects of Lead on Blood Serum Components
and the Reticuloendothelial System ................
Aminoaciduria in Experimental
Lead Poisoning . ................ Goyer, Leonard,
Bream and Irons
Prevention and Treatment .............cc00vnvunnn.
Childhood Lead Intoxication:
Diagnosis, Management and Prevention. . ... Chisolm

Treatment of Acute Lead Intoxication —
Choice of Chelating Agents and Supportive

Therapeutic Measures . ............... Chisolm
Prevention of Lead Paint —
Or Preventionof Pica? .................. Lourie
Ambulatory Treatment of Lead
Poisoning: Report of 1,155 Cases . . ......... Sachs,

Blanksma, Murray and O’Connell

123
126

141

142

151

152
157

158

186

199



CREDITS AND ACKNOWLEDGEMENTS

Aronson, Arthur L., “Lead Poisoning in Cattle and Horses following
Long-Term Exposure to Lead,” American Journal of Veterinary Re-
search, 1972, 33:627-629.

Beriti¢, T., “Lead Concentration Found in Human Blood in Association
with Lead Colic,” Archives of Environmental Health, 1971, 23:289-291.

Campbell, AM.G.; E.R. Williams; and D. Barltrop, “Motor Neurone Dis-
ease and Exposure to Lead,” Journal of Neurology, Neurosurgery and
Psychiatry, 1970, 33:877-885.

Chisolm, J. Julian, Jr., “Increased Lead Absorption: Toxicological Con-
siderations,” Pediatrics, 1971, 48:349-352.

Chisolm, J. Julian, Jr., “Screening Techniques for Undue Lead Ex-
posure in Children: Biological and Practical Considerations,” The Jour-
nal of Pediatrics, 1971, 79:799-804.

Chisolm, J. Julian, Jr., “Childhood Lead Intoxication: Diagnosis, Man-
agement and Prevention,” Medical Times, 1970, 98:92-106.

Chisolm, J. Julian, Jr., “Treatment of Acute Lead Intoxication — Choice
of Chelating Agents and Supportive Therapeutic Measures,” Clinical
Toxicology, 1970, 3:527-540.

Deutsch, Robyn H., “Tests for Lead Poisoning,” New England Journal
of Medicine, 1971, 285:1541.

Goyer, R.A.; D.L. Leonard; P.R. Bream; and T.G. Irons, ‘“Aminoacid-
uria in Experimental Lead Poisoning,” Proceedings of the Society for
Experimental Medicine and Biology, 1970, 135:767-771.

Goyer, Robert A.;Phillip May; Maxine M. Cates; and Martin R. Krigman,
“Lead and Protein Content of Isolated Intranuclear Inclusion Bodies
from Kidneys of Lead-Poisoned Rats,” Laboratory Investigation, 1970,
22:245-251.

Guinee, Vincent F., “Lead Poisoning,” The American Journal of Medi- '
cine, 1972, 52:283-288.

Hemnberg, Sven; Jorma Nikkanen; Gdy Mellin; and Helena Lilius, “§-
Aminolevulinic Acid Dehydrase as a Measure of Lead Exposure,” Ar-
chives of Environmental Health, 1970, 21:140-145.

Lin-Fu, Jane S., “Screening for Lead Poisoning,” Pediatrics, 1970, 45:
720-721.

Lourie, Reginald S., “Prevention of Lead Paint — Or Prevention of
Pica?,” Pediatrics, 1971, 48:490-491.

Mahaffey(Six), Kathryn R.; and Robert A. Goyer, “Experimental En-
hancement of Lead Toxicity by Low Dietary Calcium,” The Journal of
Laboratory and Clinical Medicine, 1970, 76:933-942.



Mahaffey(Six), Kathryn R.; and Robert A. Goyer, “The Influence of
Iron Deficiency on Tissue Content and Toxicity of Ingested Lead in the
Rat,” The Journal of Laboratory and Clinical Medicine, 1972, 79:128-
136.

Mahaffey(Six), Kathryn R.; Robert Goyer; and Joseph K. Haseman,
- “Dose-Response to Lead Ingestion in Rats Fed Low Dietary Calcium,”
The Journal of Laboratory and Clinical Medicine, 1973, 82:92-100.

Sachs, Henrietta K.; Lorry A. Blanksma; Edward F. Murray; and
Morgan J. O’Connell, “Ambulatory Treatment of Lead Poisoning: Re-
port of 1,155 Cases,” Pediatrics, 1970, 46:389-396.

Specter, Michael.J.; Vincent F. Guinee; and Bernard Davidow, ‘‘The
Unsuitability of Random Urinary Delta Aminolevulinic Acid Samples
as a Screening Test for Lead Poisoning,” The Journal of Pediatrics,
1971, 79:799-804.

Stankovi¢, Milos K., “Biochemical Tests'for the Appraisal of Exposure
to Lead,” Archives of Environmental Health, 1971, 23:265-269.

Waldron, H.A., “The Devonshire Colic,” Journal of the History of
Medicine and Allied Sciences, 1970, 25:383-413.



PREFACE

Recently, much attention has been directed to the study of lead
as an environmental poison. No longer believed to be a problem con-
fined to children eating paint, public health officials have expressed
alarm at the increasing contamination of air with products of lead-
using industries and automobile emissions from leaded gasolines. It
is estimated that more than 200,000 tons of lead per year .:re ex-
hausted from automobiles in North America alone. Overt lead in-
toxication manifests itself in the central nervous system, kidneys and
bone. Chronic, diffuse renal disease, ataxia, acute lead encephalo-
pathy, and mental retardation are only some of the pathological re-
sults of lead intoxication.

The present volume includes studies on the diagnosis, manage-
ment and prevention of lead intoxication. Research on toxicity levels
of lead and on various screening techniques for lead poisoning is
presented. In addition, toxic effects of lead on the kidney, gastro-
intestinal system, central nervous system, blood serum components
and on the reticuloendothelial system are considered.

Companion volumes, Epidemiology of Lead Poisoning and Lead
Poisoning in Animal Models, are also available.






Toxicity of Lead



J. Jouiaw Censorag, Ju, MD.

INCREASED LEAD ABSORPTION: TOXICOLOGICAL
CONSIDERATIONS

¥ physicians are to deal effectively with
I the biologic effects of ubiquitous chem-
ical agents such as lead, a working knowl-
edge of the pertinent time-dose-response re-
lationships is essential. Lead is currently
considered a nonessential trace element and
is detectable in minute amounts in food and
water and in the blood, tissues, and excreta
of virtually all healthy persons. Apparently,
the biologic effects of the usual daily intake
from uncontaminated food and water (ap-
proximately 0.2 to 0.3 mg lead/day in
adults) is negligible, so that this small
“dose” of lead has no known adverse effect
on the health of people, but as the chronic
“dose” of lead increases, adverse responses
of increasing severity become evident.
While initial increments in “dose” may be
associated with undesirable subclinical
effects for which the body may compensate,
at least temporarily, further increments in
“dose” (and absorption) produce obvious
alterations in function and clinical symp-
toms of illness. Still higher “doses” will be
fatal. Thus, as may seem self-evident, a con-
tinuum of increasingly severe adverse re-
sponses are apparently associated with in-
creasing doses of lead. The time factor adds
yet another important dimension to the
problem.

Elsewhere in this issue, a statement by
the US. Public Health Service entitled
“Medical Aspects of Childhood Lead Poi-
soning,”™ sets forth rather detailed guide-
lines for the management of children with
increased lead absorption, with emphasis
on preservation of health and prevention of
overt plumbism. An examination of some of
the risk factors involved and of our scanty
knowledge of the dose-response relation-
ships to lead in children may help to place

Preparation of this article was supported, in part,
under Grant EC-00201-18, National Institute for
Occupational Safety and Heain, Public Health
Service, Department of Health, Education and
Welfare.

these rather detailed recommendations in
ctive.

In the U.S. Public Health Service state-
ment, great emphasis is placed on blood
ledd levels, which, in adults, reflect in-
creases in the level of current and recent
exposure to inorganic lead salts. In particu-
lar, the work of Kehoe? in which human
adult volunteers were fed supplemental
amounts of lead (0.3, 1.0, 2.0 and 3.0 mg
lead/day) has shown that blood lead levels
increase in proportion to the dose and that
the higher doses are associated with a more
rapid rate of rise. While the relationship
between blood lead levels and current ex-
posure cannot be pretisely defined, exponen-
tial increases in “dose” appear to be re-
flected by arithmetic increases in blood lead
concentration.* Clinical observations in
children are consistent with this observa-
tion. The “dose” of lead associated with the
repetitive ingestion of a few lead-contain-
ing paint chips (or of putty) or lead-con-
taminated acidic juices may contain 10 to
500 times or more the quantity of lead
found in normal diet*’—a truly enormous
dose by comparison. Review of the basic
data from previously published cases®**°
indicates that blood lcad levels in chil-
dren with pica for leaded paint may rise
from the 40 to 60 pg lead range® to well
above the 100 pg lead range within a period
of 1 to 2 months. How frequently this oc-
curs is, of course, unknown, but clearly it
can occur. Finally, the blood lead level does
not appear to be in equilibrium with the to-
tal body lead burden, most of which is ap-
parently rather tightly bound in bone;
rather, the limited data available suggest
that blood lead levels provide an index of
the small, but “mobile” pool of lead situated
primarily in the soft tissues. It would fur-
ther appear that this is the fraction of the

° It is understood that blood lead levels are ex-
pressed in terms of pg lead/100 gm whole blood
throughout.

10



total body lead burden responsible for the
known acute toxic effects of lead.”*

Both in children 12 and adults'**¢ with
lead poisoning, important interrelationships
have been found between blood lead levels,
“chelatable” lead, and quantitative daily
outputs of 3-aminolevulinic acid (ALA) and
coproporphyrin (UCP) in urine. Again,
arithmetic increases in blood lead levels ap-
pear to be associated with exponential in-
creases in these other parameters. Increased
excretion of ALA and UCP indicates inter-
ference in biosynthesis of heme. The “che-
latable” lead (i.e., response to a standardized
parenteral dose of CaEDTAt) correlates
most closely with the daily output of ALA
and UCP in urine.!*** The curvilinear na-
ture of these relationships is perhaps best
seen in Figure 1 of the report of Selander
and Cramer.' Preliminary data in this labo-
ratory indicate that similar relationships are
also found in children.

Clinical risk factors may also be defined
in terms of accurately determined blood
lead levels. Epidemiologic surveys in “nor-
mal” adults indicate that mean blood lead
levels are approximately 20 pg lead/100
gm whole blood (range 5 to 40 ug lead/100
gm whole blood) in populations without
undue exposure to lead.*** Persons in close
daily occupational contact with motor vehic-
ular exhausts in confined spaces may exhibit
blood lead levels in the 40 to 50 pg lead
range, but rarely higher.!s Comparable
data are not available in young children,
since most of the published data are derived
from populations in which pica, exposure to
old housing and to air, dust, and dirt-borne
lead cannot be excluded. Review of the files
of previously reported children®®® show

that blood lead exceeded 100 pg in 136 of

139 cases of acute symptomatic lead poison-
ing. In 98 fatal cases of acute lead encephal-
opathy reported to the Baltimore City
Health Department, the range of blood
lead levels at the time of acute illness was
138 to 750 (m = 330) pg/100 gm blood. The
range in 46 children considered asympto-
matic was 55 to 300 pg lead/100 gm. While

} Edeth 1 naled EToE 7Y
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levels above 100 pg lead do not correlate
well with the presence, absence, or severity
of symptoms, virtually all such patients may
be expected to show significant metabolic
and functional abnormalities. Clearly, levels
> 80 pg lead/100 gm whole blood in chil-
dren signify a risk to health that is unac-
ceptable. The biologic significance of sus-
tained blood lead in the 50 to 80 pg lead/
100 gm range is unclear: variations in meta-
bolic responses are noted, but the usually
mild and nonspecific nature of minimal
symptoms precludes precise clinical diag-
nosis. Whether such children may sustain
subtle, but significant impairment of func-
tion particularly in the nervous system is
not known. Nevertheless, such children
clearly have a potentially hazardous in-
crease in soft tissue lead and continued ex-
cessive intake at a high dose level can
quickly cause severe illness. Prompt termi-
nation of their abnormal intake is the para-
mount consideration.

The recommendations of the U.S. Public
Health Service statement for pediatric care
vary according to the estimate of current
risk provided by blood lead Ilevels.
Levels < 40 pg lead are assumed to indicate
a negligible risk with normal daily dietary
intake probably accounting for most of
the intake. (These assumptions remain to
be documented satisfactorily in young chil-
dren.) Blood lead levels > 40 ug lead sig-
nify some additional source of intake and
hence “undue exposure to lead,” which may
result from airborne or dust- and dirt-borne
lead, especially in congested urban areas.” If
so, current estimates indicate that blood lead
levels, at least in adults, are not likely to
rise much above the 50 pg lead range.
These sources do, however, serve to in-
crease the background level upon which
further intake must be superimposed. If, on
the other hand, the child’s undue exposure
to lead results from pica for high-dose envi-
ronmental sources such as leaded paint,
putty (? lead in dirt) or the use of improp-
erly lead-glazed earthenware pottery, a
rapid rise in blood and tissue lead levels
may be expected. Only serial determina-



tions will indicate the trend and separate
these two groups of children when the ini-
tial level lies in the 40 to 50 pg lead range.
Levels from 50 to 79 pg lead indicate an ac-
celerating risk, an increasing probability of
demonstrable metabolic impairment in
heme synthesis, and the possibility of ill-de-
fined symptoms of illness. Levels above 80
pg lead appear to present an unacceptable
risk, particularly if long sustained. Chela-
tion therapy is clearly indicated in this
group, but would be of progressively de-
creasing benefit at lower levels of lead in
the soft tissues. Because of the persistent
and often clandestine nature of pica in
some children, and the prevalence of dete-
riorated housing, serial testing of preschool
age children in identified high risk areas
would appear to be an essential part of reg-
ular health care. The trend of blood lead
levels will help to determine the need for
ancillary tests and indicated medical care in
a given child.

As noted in the accompanying Letter to
the Editor,”® the recommendations con-
cerning ancillary tests are deemed by some
as unrealistic in that they call for timed
quantitative urine collections. This is a seri-
ous deficiency of the current “state of the
art.” Qualitative tests in random samples of
urine for aminolevulinic acid or urinary co-
proporphyrin (ALA or UCP) are appar-
ently inadequate in children, as they do not
discriminate between normal and subclini-
cal increased lead absorption. Since they
become reliable indicators only as blood
lead exceeds 80 to 100 pg lead, their useful-
ness is limited to children already at high
risk. When reproducible simplified proce-
dures adapted to capillary blood samples
can be developed, the wider use of meaning-
ful biochemical data, so often essential to
good medical care, will be possible.

Perhaps the most serious limitation im-
posed upon good medical management of
children (and adults) is the very limited
availability to the general public of reliable
lead analyses in blood and urine. A recent
interlaboratory study'® revealed wide dis-
crepancies in measurements from a number

of laboratories, Reliable methods, quality
control techniques, competent analysts, and
continuous experience are essential if accu-
rate and reproducible results are to be ob-
tained in any trace metal analysis. The “U.S.
Public Health Service method™ has
served in recent ycars as a suitable rcfer-
ence method for other dithizone tech-
niques. Criteria for evaluating other and
newer ones may be found in the analytical
literature.*"22

In conclusion, some may dcem the U.S.
Public Health Service statement too idealis-
tic. It is, however, aimed at the prescrva-
tionl of health with guidelines based on the
limited data currently available. Careful at-
tention to dose-response relationships in
studics in expcrimental animal systems*
and in clinical investigation may, in the fu-
ture, help to define more closely some of
the thresholds for the various significant ad-
verse toxicological effects of excessive ab-
sorption of lead. At the biochemical level,
the main adverse effects appear to be in the
areas of heme synthesis, cellular respiration,
and membrane function. At the action level,
it is clear that sustained pediatric follow-up
during the preschool years, coupled with
better evnivronmental control techniques,
especially for the high-dose types of expo-
sure, are essential to minimize this particu-
lar hazard to the health of children.
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