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Chelating agents are useful in the therapy of acute overexposure 
to lead. However, prophylactic use of chelkrti~g agents, 
particu/arly under conditions of continued exposure to lead 
can be harmful to health. Potential adverse effects include kidney 
damage, symptomatic lead poisoning, incrtrased absorption of 
lead from the gastrointestinal tract and disruption in the 
metabolism of trace metals other than Bead. Prophylactic chelation 
is an unacceptable medical practice which cannot be condoned. 

Prophylactic chelation therapy in occupati~n~al 
lead poisoning: a review 
KENNETH BRIDBORD, M.D. and HECTOR P. BLEJER, M.D., D.I.H. 
National Institute for Occupational Safety and Health, 4!500 Fishers Lane, Rockville, 
Maryland 20857; City of Hope Medical Center, 1500 E. Durante Road, Durante, 
California 91 01 0 

introduction 
Recently it has become necessary to reassess the 
proper  medical  role  of the  pract ice  of 
prophylactic chelation therapy in the control of 
occupational lead poisoning due to reports that 
such therapy continues to occur in the United 

Prophylactic chelation is herein defined both 
a) as the routine use of chelating or simi1arl:y 
acting drugs to prevent elevated blood lead levels 
in workers who are occupationally exposed to 
lead, or b) as the use of these drugs to routinely 
lower blood lead levels t o  predesignated 
concentrations believed to be "safe". A number 
of studies have been published on the use of 
calcium disodium edetate (EDTA, CaNaz, 
EDTA) a chelating agent, and penicillamine in 
the  therapy  of lead in tox ica t ion .  Mos t  
authorities agree that chelating or similarly 
acting agents have a proper place in the therap:y 
of the acute symp.tomatology of severe lead 
intoxication, a condition accompanied b:y 
pronounced gastroenteric, neurologic and other 
symptoms and signs. 

The primary focus of this review deals with 
questions of the health risk involved in chelation 
therapy and especially the use of prophylactic 
chelation therapy, particularly under conditions 
of continued exposure to lead. 

review and discussion 
effect of chelating agents on excretion of lead 
from the body and on blood lead levek 
A number of studies has examined the effect of 
chelating agents upon excretion of lead from the 
body and in most instances increased urinary 
excretion of lead has been observed. Treatment, 
however, has not always resulted in. lowered 
blood lead levels. 

The oral and intravenous effects of EDTA on 
urinary lead excretion were examined in 5 adults 
and 2 children who either had symptorns of lead 
poisoning or excessive amounts of lead in the 
blood or urine.'3' Intravenous and oral doses 
were each accompanied by increased urinary 
lead excretion compared to pretreatment values. 

The use of oral EDTA in the therapy of 
childhood lead intoxication was examined in 
subjects with a documented history for lead 
intoxication."' Patients were given oral EDTA 
at 75 mg/ kglday for a period of nine days. The 
medication produced increases in urinary lead 
excretion and decreases in blood lead levels in all 
patients compared to pretreatment levels. 

The oral EDTA effect on lead concentrations 
in the blood and urine of twelve battery workers 
was e~arnined. '~ '  These twelve men were given 
oral medication for 5 days a week for :2-3 weeks 
at a dosage of 60 mg/ kglday. After one week of 
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treatment average blood lead levels dropped by 
10 pg/ 100 nnl and, by the end of the third week, 
blood lead levels dropped by another 10 pg/ 100 
ml. Howevler, 3 subjects showed an elevated 
blood lead level at the end of the experiment 
compared tlo the beginning. 

Fecal and  urinary lead excretion was 
evaluated in 3 men with occupational lead 
poisoning before, during and after treatment 
with EDTA both orally and intraveno~sly. '~ '  
Subjects were removed from exposure during 
the course of the study. Combined urine and 
fecal lead excretions in these men were found to 
increase by a factor of 2-3 while receiving 
therapy. Both urinary and fecal lead excretions 
were increased during oral treatment. However, 
during intravenous (IV) therapy urinary lead 
excretion was greatly increased, while fecal lead 
excretion was diminished. 

The treatment of lead poisoning by oral 
EDTA in 5 adult subjects with industrial lead 
poisoning was studied.") Dosages were given at 4 
g/ day for several days, followed by a rest period 
of 7 days and then an additional course of 
therapy similar to the first. The subjects were 
removed from hazardous exposure prior to 
treatment. Oral medication caused a 5- to 20- 
fold increase in urinary lead excretion which 
greatly exceeded the quantity of lead in 
circulating blood prior to treatment, suggesting 
a mobiliza~.ion of lead from the bone. Blood lead 
levels tended to fall immediately following 
treatment, but in some cases this was followed by 
a rise in blood lead concentrations. Eight men 
with excessive lead absorption who were given 
oral EDTA for  periods of 7 days were 
evaluated.@' Urinary lead excretions increased 
to a maximum of 5- 1 1 fold above baseline levels. 
In 5 patients blood lead levels decreased, in one 
blood lead remained the same and in one patient 
blood lead incfeased following therapy. 

effects of chelation therapy on symptoms of 
lead poisoning 
Most studies have demonstrated a beneficial 
effect of chelation therapy upon acute symptoms 
of lead intoxication, although in a number of 
instances symptoms have been observed to occur 
in workers receiving chelating agents. The 
literature contains, however, a general dearth of 
data on long-term follow-up studies of persons 

treated with chelating agents. For example, one 
niaxl developed abdominal pain and loose stools 
following oral medi~at ion. '~ '  Another study 
evaluated male workers occupationally exposed 
to lead who were given oral EDTA."' Although 
s:ymptoms were relieved as a result of therapy, 
s:ymptoms of lead poisoning recurred in about 
tlhree months after treatment. The investigator 
warned against giving oral chelating agents 
under conditions of continued lead exposure. 
The effectiveness of EDTA therapy in instances 
of clinical lead poisoning was, however, 
dlernonstrated; no significant adverse effects 
vvere reported in over 35 patients given oral or IV 
chelation therapy with EDTA."' 

In a third study, oral EDTA generally reduced 
the frequency of lead symptoms such as fatigue, 
weakness and loss of appetite.'7' In one case, 
bwever,  headache developed during the first 2 
tkays of therapy. One fatal case was discussed in 
which the decdent, a woman with lead 
poisoning, was given IV EDTA treatment which 
was believed to have accelerated the fatal 
outcon~e. 

Other authors also reported a beneficial effect 
of EDTA therapy upon symptoms including 
constipation, fatigue, poor  appetite and 
difficulty sleeping.'5'8'10' 

effects of chelating agents upon the kidneys 
PL number of laboratory investigations as well as 
observations in humans has documented the 
olccurrence of kidney damage associated with 
administration of chelating agents. Investigators 
studying the renal effects of lead point to the 
inherent risk of IV EDTA, particularly its 
potential to induce severe renal darnage."" 

The nephrotoxicity of EDTA was examined 
in the rat.'12' These studies were prompted by the 
clinical cases of renal damage following 
administration of chelating agents, primarily 
I3:DTA. Male and female rats were given EDTA 
irntraperitoneally ( IP )  each day fo r  10 
consecutive days and the animals were sacrificed 
24 hours after the last injection. A number of 
Inistologic changes was seen in the kidneys of 
exposed animals. The mildest changes consisted 
(of well demarcated vacuoles in the cytoplasm of 
the epithelium of the proximal tubule. In the 
severest cases they progressed to extrusion of cell 
clontents and displacement of cell nuclei. 
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Vacuolizat ion was no t  accompanied by 
increases in serum creatinine or urea nitrogen 
Administration of chelating agents to leadl 
poisoned rats, however, did not appear to 
increase the renal damage which had been 
caused by the lead. The investigators who1 
conducted that study, however, still considered 
it prudent to follow renal function closely in 
patients receiving chelating agents. In this, 
regard, a case of lead poisoning in which renal 
damage was associated with IV administration 
of EDTA had been reported.(13' 

The effects of lead and of EDTA on the 
k idneys  were eva lua t ed  in  t w o  recen t  
papers.(14'15' Lead-poisoned rats were given 
injections of EDTA IP. Inclusion bodies (lead- 
protein complexes believed to possibly protect 
against lead effects) in renal cell nuclei were 
found in various stages of dissolution and 
migration out of the nucleus. Cytoplasmic 
vacuoles were observed which contained 
material that resembled portions of intact 
nuclear inclusions. Inclusion bodies have not 
been observed in renal biopsies of male workers 
occupationally exposed to lead who have been 
repeatedly treated with chelating agents. 
Excretion of lead through the kidneys appears to 
be less in older men compared to younger men 
who have nuclear inclusion bodies in their renal 
tubule lining cells. These data suggest that 
chelation therapy reduces the ability of the 
kidneys to protect themselves against the toxic 
effects of lead by virtue of the action of chelating 
agents in removing the lead-induced inclusion 
bodies. This conclusion is further supported by 
observations that renal tubular dysfunction may 
follow EDTA administration in lead poisoned 
children.' 1 6 )  

other effects of chelation therapy 
A number of studies suggest that oral EDTA 
increases the absorption of lead from the 
gastrointestinal tract in instances where 
exposure to lead continues to o~cu r . ' ~ " ' ~ '  

Other studies have observed T-wave changes 
in the electrocardiograms of patients given 
chelation therapy.'4' Studies also suggest that the 
metabolism of trace metals other than lead may 
be affected by long-term chelation therapy.'10'17' 

prophylactic chelation programs 
Experience during the 1950s in the use of oral 

CaNa2 EDTA for the prevention of occupation- 
al lead poisoning at a battery reclaiming plant 
has been de~cribed."~'  Oral EDTA was given 
prophylactically 5 days per week foir 2 weeks 
followed by a 2-week rest period, at which time 
the above dosage scheme was repeated. During 
the more than one year that this program was in 
effect, neither cases of acute lead poisoning nor 
symptoms attributable to lead accumulation in 
the body were reported among the 16 workers at 
this plant. It is noteworthy, however, that the 
hemoglobin level in one of these workers was 
11.4 gms; and red blood cell count, :3,880,000, 
with minimal basophilic stippling present. 

previous reviews of chelation therapy 
A review of chelation therapy in 1955 warned 
against the misuse of CaNa2 EDTA for the 
prophylaxis of lead poisoning.( 1 7 )  Prophylactic 
remedies before EDTA became available had 
been tried with out success, and these wers often 
used in place of the adequate environmental- 
engineering controls needed to reduce lead 
exposure in the workplace. That reviewer 
expressed definite concern that simple and 
relatively inexpensive medical prophylactic 
procedures would be favored by management in 
lieu of expending the necessary funds to obtain 
safe  process design and  instal l  p roper  
engineering cntrols. Also, questions were raised 
as to whether the apparent short-term benefits of 
chelation therapy outweighed the long-term, 
potential hazards of its use. In particular, a 
major concern of that  reviewer was that  
prolonged administration of chelating agents 
had the potential to disturb the metabolism of 
minerals in the body. The reviewer concluded 
that subjecting occupationally lead-exposed 
workers to prophylactic chelation was "rash and 
irresponsible". 

The treatment of lead absorption in industry 
was reviewed again in 1958.(19' That author 
recognized that at high dosages GaNa2 EDTA 
can cause damage to the kidney. A report of 
cases was presented of 101 individuals who 
received oral EDTA at 4 grams per day for 5 
days, followed by a rest period of from 5 to 10 
days, after which a second course of therapy was 
given. When used in this manner, the procedure 
appeared to  be reasonably safe. In three 
workers, however, symptoms were reported 
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during the course of treatment. The importance 
of careful !monitoring for kidney function was 
also stressed. Each patient had a urinalysis 
before the course of treatment and on the third 
and fifth days during each five-day course of 
medication. Even at the dosage given, of the 101 
workers treated, 9 percent showed albumin or 
red blood cells in the urine, indicating that some 
damage to the kidneys perhaps reversible, had 
occurred. When these urinary effects occurred, 
the second course of medication was not 
initiated until the urine had returned to normal, 
which it did in all instances. However, in 3 cases, 
the abnorrnal urinary effects reappeared when 
the second course of therapy was begun. Among 
the complaints and effects that were noted in 
workers  t a k i n g ,  a n d  a t t r i b u t e d  t o ,  th is  
medication were leg cramps, abdominal pain, 
d i a r r h e a ,  vomi t ing ,  mala i se ,  weakness ,  
constipation, muscle cramps, arthritic pain and 
pathologic urinary changes. About 30 percent of 
the indivilduals taking the drug experienced 
some adverse symptoms. Nevertheless, the 
investigator concluded that with oral CaNa2 
EDTA treatment individuals could continue 
w o r k i n g  i n  t h e  l e a d  i n d u s t r y  w i t h o u t  
endangering their health. However, he has also 
noted that in a few persons exposed to lead and 
given oral CaNa:: EDTA, renal complications 
could occur. 

The use of EDTA therapy in persons with 
excessive lead absorpt ion f rom industrial  
exposure was reviewed once more in 1959."" 
That author noted that damage to the kidneys 
has been obbserved in men given the drug and also 
in animals when relatively large doses were 
administered over prolonged periods of time. 
Moreover, blood lead levels had been observed 
to rise following intravenous administration of 
the drug, although without apparent adverse 
effects. This was usually followed by a decrease 
in blood lead with urinary excretion of the lead 
chelate colmplex, but could also be followed by a 
rise in blood lead level, as the lead stored in the 

of r e n a l  d a m a g e  a n d  d id  n o t  feel  t h a t  
prophylactic use of EDTA to prevent lead 
intoxication could be condoned. 

Cases of childhood lead poisoning which had 
been treated with CaNa:: EDTA also were 
reviewed in 1 9 5 9 . ' ~ ~ '  Whereas CaNa2 EDTA is 
poorly absorbed from the gastrointestinal tract, 
the lead chelate is rapidly absorbed, suggesting 
that oral medication should not be given under 
conditions of continued lead exposure. EDTA is 
reported to have caused kidney damage in both 
experimental animals and in man. The reviewer 
assessed childhood lead poisoning cases all of 
whom had been treated with IV or intramuscular 
(IM) injections of EDTA during the acute phase 
(of poisoning. Oral CaNa2 EDTA was less 
efficient than IV or IM therapy in correcting 
(abnormalities in prophyrin metabolism during 
,acute lead intoxication. Oral CaNa2 EDTA 
given when lead is present in the gastrointestinal 
tract was considered by that investigator to be a 
d a n g e r o u s  d r u g  d u e  t o  t h e  i n c r e a s e d  
gastrointestinal absorption of the lead chelate. A 
case was described of a child who was mistakenly 
given oral CaNa2 EDTA when his gastro- 
i-ntestinal tract contained lead: shortly thereafter 
he became comatose and developed convulsions 
followed by permanent and severe neurologic 
damage. 

Current knowledge and opinion concerning 
the problem of occupational lead exposure 
including the use of chelating agents in the 
therapy of lead intoxication was reviewed once 
more in 1961 .(**) CaNa2 EDTA was considered 
particularly useful in the treatment of acute 
phases of lead intoxication. The reviewer 
considered that the routine use of this drug as a 
prophylactic measure to prevent lead absorption 
could not be condoned. He also concluded that 
!medical measures could not be recommended as 
;a substitute for adequate engineering measures 
to control lead exposure. Other authors of the 
period also warn against the unknown hazards 
of prolonged chelation therapy. 

skeleton was mobilized into the soft tissues. The toxic effects of EDTA were reviewed 
Such effect raised questions of the potential again in 1963.'~)' Concern was expressed as to  
toxic effects to critical organs due to this the possible effects of prolonged administration 
mobilization of biologically active lead. The of EDTA upon trace metal depletion in the 
author of the 1959 study recommended that body. The most frequent and important side 
persons undergoing chelation therapy should be effect associated with EDTA was considered to 
checked frequently for the possible occurrence bfe renal damage. Vacuolization of renal tubular 
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cells resembling those seen in sucrose nephrosis 
had been observed at autopsy in two patients 
given disodium EDTA in the treatment of 
hypercalcemia. Both patients died in renal 
failure following a 4-day course of treatment 
with EDTA. A number of autopsy studies had 
also demonstrated acute tubular necrosis in 
patients given EDTA for treatment of lead 
poisoning. Clinical signs of kidney damage 
associated with EDTA included hematuria, 
proteinuria, polyuria and elevated BUN levels. 

development of symptomatic lead poisoning 
among some workers receiving prophylactic 
chelation therapy; and adverse effects of 
chelation therapy upon the metabolism of trace 
metals other than lead and upon metal- 
dependent enzyme activity. In addition there 
was concern that the two most commonly used 
chelating agents, EDTA and penicillarnine, had 
the potential to cause kidney damage and/ or 
blood abnormalities. 

Subsequent to these clinical reports, studies in 
recent studies and related actions 

rats confirmed that nephrosis could be produced Recent data from a study in the United States of 
by administration of the drug; the lesions workers employed at two secondary smelters in 
appeared to be reversible upon cessation of the the Indianapolis area support these concerns 
drug administration. The reviewer expressed the about chelation therapy.'26' Approximately 150 
need for caution in the use of this drug, and for workers exposed to lead were examinled. Based 
patients receiving this medication to be under upon results from blood lead analyses, about 30 
continued medical evaluation. percent were found to have blood lead levels in 

The treatment of heavy metal poisoning and 
the  use of chelat ing agents ,  including 
penicillamine, was reviewed once more in 
1970. '~~' .  In this assessment oral administration 
of CaNa2 EDTA was not considered warranted 
in the treatment of heavy metal poisonings. The 
principal adverse side effect of CaNa2 EDTA 
therapy was believed to be damage to the 
kidneys, particularly massive tubular necrosis. 
Abnormalities in cardiac electrical conductivity 
had also been observed during administration of 
this drug. Also, it was noted that monitoring of 
kidney function before and during administra- 
tion of the drug was necessary. With the use of 
penicillamine, the side effects observed were 
nephrotic syndrome, leukopenia, neutropenia, 
coagulation deficits, erythematous rashes, 
a l tered col lagen metabol ism and  fever.  
Penicillamine therapy in persons with chronic 
renal insufficiency was considered t o  be 
contraindicated. 

In 1975 the subject of chelation therapy 
among occupationally lead-exposed workers 
was reviewed again.'25' The conclusion was that 
chelation therapy was useful for the treatment of 
lead poisoning but that prophylactic use of 
chelation therapy was contraindicated for 
several reasons. These included the concern 
about the potential for increased lead absorption 
from the gastrointestinal tract when oral EDTA 
was used; an unsatisfactory response in reducing 
body load of metabolically active lead; the 

;he range of 80 to 100 pg/ 109 and most workers 
had blood lead values of 60 pg/ 100 g olr greater. 
Blood lead levels in controls exposed to  
moderate levels of lead in a well controlled can 
factory were all under 60 pg/ 100 g. 

Approximately half of the workers studied 
had received at least one course of chelation 
therapy. Evidence of neurologic damage based 
either upoln weakness of extensor muscles in the 
hands or a history of neurologic darnage was 
found in approximately one-quarter of workers 
studied. Neurologic damage became evident as 
early as 2-3 years following onset of lead 
exposure. About one-quarter of the workers 
studied had a history of lead colic; many had 
more than one episode. Elevated BUN'S were 
also observed in some of these workers. Eight 
workers  had been hospi ta l ized for lead 
poisoning. ZPP (zinc protoporphyrjn) levels 
among these workers were extraordinarily 
elevated with values well in excess of 5ClO pg/ 100 
ml reported. While blood lead levels generally 
remained under I00 pg/ 100 g as a result of 
chelation, ZPPs appeared to remain elevated 
despite chelation. Evidence of anemia was also 
observed in some workers. Motor  nerve 
conduction velocities indicated prolonged 
condition times which could not be explained by 
age, and  which suggested that  lead may 
accelerate aging of the nervous system. These 
data indicated that chelation therapy may not 
protect against the progression of neurologic 
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TABLE I 
Summary of the Beneficial and Adverse Effects Associated with 

Cheiation Ther,apy in Man -- 
Category Observed Effect References 

Beneficial lncreased excretion of lead f m n  
the body and/or reduct~on I n  blood 3-8, 20 
lead levels 

Decrease i n  symptoms follovving 4,5, 7- 10, 
treatment 22,25 

Generally tolerated therapy we l l  7,9,19 

Advocate of prophylactic chf!liation 18, 19 

3, 7, 19, 25 Adverse Symptoms observed during 1.herapy in 
at least some workers 

lncreased absorption of lead from 
the gastrointestinal tract 

Imbalance i n  metabolism of metals 
other than lead 
Electrocardiograph changes 

Return of symptoms f o l l o w i ~ ~ g  
chelation 

Elevated blood lead level follow- 
ing treatment 

Therapy associated w i t h  kidney 
damage 

Neurologic, hematologic or other 
damage associated w i t h  long term 
therapy particularly under conditions 
of con t~nued  lead exposure 

Therapy associated w i t h  severe 
neurologic damage 

Death associated w i t h  therspy 

Warning against prophylactic use -- 8,9,17,20,22,23,25 

damage or against metabolic and other effects 
caused by lead. 

Recent government actions also reflect 
concern about prophylactic chelation therapy. 
Both the National Institute for Occupational 
Safety and Health and the Food and Drug 
Administration oppose prophylactic chelation 
therapy, including such use of EDTA and 
penicilla~nine.'~'-~~' 

summary and conclusions 
Table I presents a summary of the beneficial as 
well as the adverse effects associated with 
chelat ion therapy .  Che la t ing  agents  a r e  
generally effective in lowering blood lead levels 
and are indicated in the therapy of acute lead 
intoxication. However, the data presented above 
raise serious questions as to the safety of 
prophylactic chelation therapy particularly 
under conditions of continued lead exposure. 
Prophylactic chelation is defined both a) as the 
routine use of chelating or similarly acting drugs 

to prevent elevated blood lead levels in workers 
who are occupationally exposed to lead; or b) as 
the use of these drugs to routinely lower blood 
lead levels to predesignated concentrations 
believed to be "safe". Although the use of 
chelating agents is justified in acute lead 
intoxication, particularly in children, evidence 
does not exist t o  justify their use on  a 
prophylactic basis. 

The potential for chronic administration of 
chelating agents to cause kidney damage is a 
special concern. Adverse effects from chelating 
agents have been observed following both oral 
and intravenous administration. Both CaNa2 
EDTA and penicillamine have the potential to 
cause harm. The prevailing medical opinion is 
strongly opposed to the use of chelating agents 
on a prophylactic basis. Whenever chelating 
agents are used, there is a need for close medical 
supervision including careful evaluation of renal 
function. Death and severe injury during and 
following use of chelating agents have been 
reported in the medical literature. 
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Prophylactic administration of CaNa2 EDTA 
by whatever route under conditions of cont inued 
lead exposure  cons t i tu tes  a par t icular ly  
hazardous practice. Use of chelating agents is 
not an adequate substitute for engineering 
controls and proper industrial hygiene and work 
practices. Both lead and CaNa2 EDTA in 
sufficient doses are toxic to the kidneys. 
Prophylactic chelation may decrease the ability 
of the kidneys to protect themselves against the 
toxic effects of lead. A recent mortality study of 
workers  exposed t o  lead,  fo r  example,  
demonstrated an increase in deaths from end 
stage renal disease."'' 

In conclusion, prophylactic use of chelation to 
c o n t r o l  l e ad  a b s o r p t i o n  r ep re sen t s  a n  
unacceptable medical practice that cannot be 
condoned. 
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