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Heavy metal screening is currently very popular, especially
on the web, and has become a “must do” for an increasing
number of patients. The relative availability of inductively
coupled plasma mass spectrometry equipments capable of
measuring multiple elements at once has boosted the diffu-
sion of these practices. In most cases, the list of elements
measured in these screens reflects the analytical capacity of
the lab more than sound toxicological considerations. These
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“urine mobilization tests”, “post-chelator challenges”, “pro-
vocative chelations”, “chelation challenges”, or “challenge
tests” (hereafter called “provocative chelation test” [PCT])
represent an appreciable business. The screen almost sys-
tematically reveals “heavy metal poisoning”, and “detox
cures” are generally recommended.

As academic toxicologists, we are increasingly consulted
by patients anxious about their recent diagnosis of heavy
metal poisoning based on the results of an overpriced PCT.
Patients with vague and lingering complaints, without a
clear diagnosis, who have often consulted several physicians
are perfect targets for this business. In the short-term, these
patients are often relieved to hear that someone has found a
clue to their complex medical condition, and they enthusi-
astically undertake successive chelation cures.

An example, among others. Recently, the Belgian Federal
Agency for Occupational Risks received a claim for recog-
nizing and compensating neuropathic disorders caused by
heavy metals as an occupational disease. The patient was
on sick leave for more than 3 years, and though his gen-
eral condition progressively worsened, he developed sev-
eral manifestations, including a mild sensitive peripheral
neuropathy. Blood and urine were collected in the absence
of chelation and analyzed by a laboratory with successful
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results in external quality assessments. The results were
within the reference values for the general population
(lead, 23 pg/L blood, 0-66 pg/L urine; mercury, < 1.0 pg/L
blood, <0.50 pg/L urine; cadmium, 1.2 pug/L blood, 4.1 pg/L
urine; thallium, < 0.5 pg/L blood, 0.14 pg/L urine; arsenic
inorganic + methylated metabolites, 1.3 ug/L urine; creati-
nine, 0.91 g/L urine). A second set of analyses performed
1 month later yielded similar results. Next, the patient under-
went an additional analysis of 34 metals in urine after an
intravenous administration of Zn-DTPA and DMPS, which
was considered by the attending physician as being more
relevant to objectify heavy metal intoxication. The results for
several metals were interpreted as excessive by the labora-
tory, based on a comparison with “baseline urine norms”:
cadmium, 0.99 pg/L; copper, 327 ug/L; manganese, 8.9 pgL;
lead, 16.5 png/L; mercrury, 4.1 pg/L; nickel, 2.1 pg/L (cre-
atinine 0.47 g/L). The patient was diagnosed with severe
heavy metal poisoning on the basis of a tenfold “maximal
value” for copper, eightfold for mercury, sevenfold for lead,
fourfold for manganese, 2.5-fold for cadmium, and 1.5-fold
for nickel. The Agency sought medico-technical expertise
to document the case. Two comprehensive surveys of the
past workplace exposure of the patient, including ambient
air measurements, concluded on an absence of significant
occupational exposure to heavy metals.

Both essential and nonessential metals may exert toxic
effects if exposure exceeds certain levels. In most cases,
careful clinical examination, a detailed occupational, domes-
tic, and environmental history, and measurement of biologi-
cal indicators in urine, blood, and/or hair will provide clues
to the diagnosis. However, toxicological analyses should be
performed by laboratories equipped for this purpose that
can document proficiency in external quality controls. In
some cases, a PCT may be advised when the interpretation
of routine biological tests is not straightforward.

In the 1950s, physicians recognized the limitations of an
isolated blood lead measurement to document impregna-
tion when exposure was “not very severe”, and introduced a
lead mobilization test. These tests were particularly useful
when a significant time period had elapsed since cessation

@ Springer


http://orcid.org/0000-0001-6557-2518
http://crossmark.crossref.org/dialog/?doi=10.1007/s00204-020-02847-7&domain=pdf

2894

Archives of Toxicology (2020) 94:2893-2896

of exposure (Teisinger and Srbova 1959). In the diagnosis
of lead poisoning, difficulties may arise when lead stored in
bone constitutes an endogenous source of exposure.

In 2020, essential information is still missing for relevant
interpretation of a lead mobilization test, and no one-size-
fits-all approach is applicable to other elements. The ampli-
tude of the post-challenge urinary excretion will not only
depend on the amount of metal absorbed, but also on the
toxicokinetic properties of the metal (e.g., cumulative or
not, storage organs), the efficacy of the agent to chelate the
respective metals of interest, and the strategy used.

There is no standardized protocol for PCTs

The number of protocols for Pb chelation test in adults
is almost as great as the number of users. Recommended
modalities include intravenous injection or infusion of
1.2-25 mg CaNa,EDTA/kg body weight (bw) or 1-3 g
CaNa,EDTA diluted in saline or glucose solution, or oral
administration of 5-10 mg DMSA/kg bw or 1-2 g DMSA
(Alessio et al. 1981; Bastenier 1963; Boudene et al. 1956;
Emmerson and Thiele 1960; Hansen et al. 1981; Hoet et al.
2006; Lahaye et al. 1968; Lee et al. 1995; Salvini and Vidali
1955; Schwartz et al. 1994; Sokas et al. 1988; Teisinger and
Srbova 1959).

Diverse strategies are also used for Hg mobilization: two
intravenous injections of 1 g CaNa,EDTA (in 250 ml 5%
dextrose solution) at a 12-h interval, an IV of 2 mg/kg bw
DMPS, an oral dose of 300 mg DMPS or 30 mg DMSA/kg
bw during a 2-h period, two oral doses of 10 mg DMA/kg at
an 8-h interval, 20 mg DMSA/kg bw, or 2 g DMSA, among
others. The recommended urine collection period varies
between 3 and 24 h, which highly influences the results,
as the peak excretion rate depends on the kinetics of the
chelating agent.(Aposhian et al. 1992; Archbold et al. 2004;
Frumkin et al. 2001; Molin et al. 1991; Roels et al. 1991;
Ruha et al. 2009; Sandborgh Englund et al. 1994; Vannes
et al. 2000).

Several other protocols, without reference to a scientific
publication, and sometimes combining two chelating agents,
circulate on the web.

There is no universal chelating agent

Administering a single chelating agent to assess the excre-
tion of more than 30 metals presumes that its efficacy is
the same for all of these metals. However, efficacy varies
according to the physicochemical properties of the metal
and its speciation characteristics, the route of exposure, the
intensity and extent of exposure, and the condition of the
patient (Aaseth et al. 2016).
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A thorough assessment of experimental and human data
on chelating agents led to preliminary recommendations for
their use as therapy. Desferal can be used for acute iron or
aluminium poisoning, with deferipon and deferasirox being
potential alternative chelators; DMPS for acute and chronic
arsenic poisoning; DMSA for acute and chronic lead poison-
ing; DMPS for inorganic mercury compounds and mercury
vapor, with DMSA likely being superior for organic mercury
compounds; and triethylenetetramine for copper overload,
with D-penicillamine as a second choice (Aaseth et al. 2016;
Bjorklund et al. 2019).

Comparing chelated levels to background
reference values is misleading

Trace elements, including metals, are ubiquitous in the
environment, as they are released from the Earth’s crust by
weathering of rock minerals, by forest fires and volcanoes,
and are bioconcentrated and dispersed by human activities,
such as mining, industrial or agricultural processes, and use
of consumer products. Detectable levels of lead, mercury, and
other metals are present in biological fluids from individuals
without specific (over)exposure. A prerequisite for identify-
ing an individual with increased exposure is documentation
of background concentrations of the chemical of interest in an
appropriate reference population and the derivation of reliable
reference values. The upper reference value is often set at the
percentile 95. This implies that 5% of results from this general
healthy population fall outside this upper value, and are at risk
of being labelled as ‘abnormal’. Geological background levels
and human activities are likely to differ between countries;
therefore, the profile of exposure to trace elements in the gen-
eral population may vary across populations.

A PCT boosts urinary trace elements excretion not only in
“poisoned” subjects, but also in perfectly healthy individuals
in whom the body burden is within reference levels. Com-
paring urinary excretion after chelation to reference ranges
in the general population (in the absence of chelation) is non-
sense. Reliable reference values for post-chelation urine are
not available. Establishing such reference values is clearly an
issue, because the level greatly depends on the protocol used.
Therefore, the very first step would be to establish standardized
protocols, which are likely to vary depending on the metal of
interest in regards to the selected chelating agent, dose, and
duration of urinary collection.
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Interpreting reference values as critical
thresholds indicating a health risk
is misleading

Reference levels have no intrinsic physiological or toxi-
cological meaning. They are to be used for descriptive
purposes, to identify individuals with an increased level
of exposure compared with this background level. They do
not represent a safe level. They are not “maximal values”.
They do not act as red flags indicating a health risk, a limit
below or above which medical action is recommended.
They should not be confused with a critical threshold indi-
cating a health risk.

Comparing post-challenge to pre-challenge baseline
concentrations is also an issue: what level of increase
should be considered as significant in terms of toxicity?

A question is whether the increased excretion of the
metal of interest in the post-challenge urine correlates with
its body burden. Even more important is to know whether
this correlation is clinically relevant. Chelation from stor-
age organ(s) does not necessarily imply a therapeutic ben-
efit. For example, lead is mainly stored in bones, whereas
the brain is one of its main target organs. However, DMSA
and DMPS mainly chelate Pb in the superficial bone layers
and do not cross the blood brain barrier.

Chelation is not without risk

An ideal chelating agent should bind selectively to the
metal of interest, resulting in the chelation and suffi-
cient elimination of the metal in its toxic form without
adverse health effects or affecting the concentrations of
other essential elements (Aaseth et al. 2016). No chelating
agent meets this criterion. For example, the side effects of
CaNa,EDTA, a commonly used chelating agent, include
local reactions at the injection site, hypersensitivity reac-
tions, fever, calcium dysregulation, renal dysfunction, and
loss of essential minerals such as iron, copper, and zinc.
Even safer alternatives, such as DMSA or DMPS, may
increase the elimination of certain essential elements, and
side effects include abdominal distress, transient rash,
elevated circulating liver transaminases, and neutropenia.
This may not be significant when used for a single provo-
cation test, but the problem may become important for
patients enrolled in successive chelation cures to rid their
body of a “toxic burden”. The patient who put in a claim
for recognition of an occupational disease started a chela-
tion cure every 4 weeks soon after his diagnosis of “severe
heavy metal intoxication”. In view of his PCT results, he

was at high risk of inducing copper deficiency, possibly
resulting in an aggravation of his neurological disorder.

Chelating agents are great drugs when used wisely, and
excellent reviews are available on the topic. No universal
chelator, that is safe and efficacious against all metals, is
available, and these drugs should be handled by expert phy-
sicians aware of their properties and the toxicology of metals
(Aaseth et al. 2016).

Several experts have reviewed relevant data on PCTs
and underlined the lack of scientific background, calling for
caution when using them (Greiner and Drexler 2016; Jones
et al. 2019; Ruha 2013). In 2009, the American College of
Medical Toxicology (ACMT) issued a position statement
disapproving of the use of PCTs in clinical practice and the
use of the results of these tests as an indication for further
chelation treatment. (ACMT 2010). In 2012, experts from
the ACMT, the U.S. Centers for Disease Control (CDC),
the Agency for Toxic Substances and Disease Registry, and
others reviewed the use and misuse of chelation therapy in
the United States for the treatment of metal poisoning. They
concluded that incorrect diagnosis of metal poisoning was
common and criticized the widespread misdiagnosis of poi-
soning by lead, arsenic, mercury, and other metals, calling
for strong efforts to reduce the inappropriate use of metal
chelation therapy (McKay 2013). In 2017, after reviewing
new data, the ACMT confirmed their previous conclusion
that PCT is not scientifically validated, does not demonstrate
benefit, and could be harmful (ACMT 2017). Yet, the busi-
ness is booming.

Metals overexposure may be associated to a variety of
adverse effects and relevant metal testing is important. We
want to alert the medical community about procedures that
are currently far from being validated.
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