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Effects of an EDTA infusion on the urinary elimination of
several elements in healthy subjects
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Ethylene diamine tetraacetate calcium disodium salt (EDTA Ca Na2), 1 g dissolved in 250
ml of5% w/v glucose solution, was infused intravenously over 1 h into 10 healthy subjects
(eight males and two females). Urines were collected over 24 h, the day before and on the
day of the EDTA Ca Na2 infusion test. The elements Al, B, Ba, Cu, Fe, Mn, Si, Sr, Zn,
Na, K, Ca, Mg, S and P were measured by inductively coupled plasma optical emission
spectrometry. Pb was measured by inductively coupled plasma mass spectrometry. The
EDTA Ca Na2 infusion increased the 24 h elimination of Al from 9.8 P"g to 58 ,ug, of Fe
from 66 to 121 ,g, ofMn from 2.9 to 16.5 ,ug, of Pb from 9.8 to 56,g and of Zn from 623 to
8847 ,ug. The ratio of the increase of urinary elimination induced by EDTA Ca Na2 was
about 2 for Fe, 5 for Al, Pb and Mn, and 15 for Zn.
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Introduction

Ethylene diamine tetraacetate calcium disodium salt
(EDTA Ca Na2) is a chelating agent used for the diagnosis
and treatment of lead intoxication (Dwyer & Mellor,
1964; Klaassen, 1985; Levine, 1979). Although it is in
widespread use its effects on the urinary elimination
of elements in healthy subjects have not been studied
systematically. Early investigations were carried out in
patients (Perry & Perry, 1959) as were more recent
studies in lead poisoned children (Chilsom, 1968).
Therefore, a lack of reference values prompted us to
study the effects of the EDTA Ca Na2 infusion test on
the urinary elimination of several elements in healthy
subjects.

Methods

The subjects of the study were eight males and two
females, all hospital medical staff, age 32.4 years ± 8.8
(mean ± s.d.), body weight 66.3 kg ± 12, height 169.7
cm ± 11.0 and body surface area 1.75 m2 ± 0.2. They
were taking a normal diet and not using any medications,
except oral contraceptives in the case of one of the
women. They consumed alcohol only occasionally and
were non-smokers with the exception of one who smoked
less than 5 cigarettes per day. Informed consent for the
study was obtained from each subject.

Urines were collected in 2 1 plastic bottles over 24 h,
under outpatient conditions, the day before and on the
day of the EDTA infusion. Before use, the bottles were

carefully cleaned by rinsing with a solution of EDTA
and demineralized water, free of the elements to be
measured.
On the first day there was only the 24 h urine collection.

On the second day, at 09.00 h, 1 g of EDTA Ca Na2
dissolved in 250 ml of a 5% w/v glucose solution was
infused intravenously over 1 h into each subject in the
supine position. Just before the start of the infusion, the
subjects emptied their bladders. Urine was then collected
for 24 h. The total volumes of urine excreted the day
before and on the day of the infusion were measured and
aliquots were taken for the measurement of metals and
creatinine. After infusion, the subjects were allowed
normal activity. A sham infusion of the glucose solution
was not given because this was not a routine clinical
procedure.
The elements Al, B, Ba, Cu, Fe, Mn, Si, Sr, Zn, Na,

K, Ca, Mg, S and P were measured by inductively
coupled plasma optical emission spectrometry
(ICP/OES) using a simultaneous spectrometer (Jobin-
Yvon JY 48) (Mauras & Allain, 1985; Mauras et al.,
1986). Pb was measured by inductively coupled plasma
mass spectrometry using a Nermag instrument because
we found this method to be more sensitive and repro-
ducible than graphite furnace atomic absorption spectro-
metry. Creatinine was measured automatically using a
kinetic method based on the Jaffd reaction.
The results are expressed in ,ug and mg per day and per

g of creatinine and were compared using the Wilcoxon
test for paired samples.
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Table 1 Urinary elimination of elements (mean ± s.d.) before and after EDTA administration in 10 healthy subjects

Before After P Ratio Before After P Ratio
(p.g 24 h-1) (,ug g-1 creatinine)

Al 9.8 ± 3.9 58.2 ± 17.9 0.01 5.9 6.2 ± 2.8 40.7 ± 17.6 0.01 6.6
B 2443.9 ± 1530.4 2039.5 ± 1344.9 NS 1471.3 ± 894.7 1337.4 ± 798.1 NS
Ba 3.5 ± 1.5 4.2 ± 1.4 NS 2.1 ± 1.0 2.8 ± 0.5 0.05 1.3
Cu 17.6 ± 9.5 18.8 ± 10.6 NS 10.0 ± 4.5 12.1 ± 5.8 NS
Fe 66.6 ± 28.3 121.5 ± 28.3 0.01 1.8 39.6 ± 15.1 82.1 ± 18.7 0.01 2.1
Mn 2.9 ± 1.9 16.5 ± 5.5 0.01 5.6 1.8 ± 1.1 11.6 ± 5.4 0.01 6.4
Pb 9.8 ± 3.8 56.2 ± 22.6 0.01 5.7 5.9 ± 2.1 39.2 ± 20.5 0.01 6.6
Si 15580.9 ± 7585.6 13629.9 ± 6448.5 NS 9217.6 ± 3573.8 8882.4 ± 3263.4 NS
Sr 226.2 ± 118.0 197.5 ± 70.3 NS 142.5 ± 89.8 137.7 ± 66.1 NS
Zn 623.0 ± 323.5 8847.4 ± 3601.9 0.01 14.2 362.3 ± 151.9 6003.9 ± 2418.6 0.01 16.6

(mg 24 h-1) (mg g-1 creatinine)
Na 3726.8 ± 1104.1 3953.6 ± 1001.9 NS 2244.3 ± 566.8 2685.7 ± 738.5 NS
K 3049.5 ± 1384.3 3349.9 ± 1405.0 NS 1793.2 ± 700.1 1896.1 ± 476.5 NS
Ca 147.1 ± 52.5 182.1 ± 59.1 NS 91.4 ± 35.8 124.8 ± 46.0 0.05 1.4
Mg 81.5 ± 43.5 65.2 ± 39.1 NS 49.5 ± 23.7 43.7 ± 23.7 NS
S 936.5 ± 178.0 811.1 ± 205.7 NS 576.9 ± 147.0 541.0 ± 88.1 NS
P 923.8 ± 347.6 772.4 ± 304.0 NS 546.0 ± 154.2 516.2 ± 176.3 NS

Results

Before and after EDTA infusion urine volumes were
1.493 ± 0.716 1 and 1.389 ± 0.647 1, respectively, and
creatinine concentrations were 1.31 ± 0.52 g 1-1 and
1.23 ± 0.43 g 1-1, respectively. No statistical differences
were found.

Urinary excretion of the elements, with and without
EDTA Ca Na2 infusion, is compared in Table 1.
The basal urinary elimination of the elements tested

ranged from a few ,ug to a few g per 24 h. On average, Mn
and Ba elimination was about 3 ,g, Al and Pb about
10 ,g, Cu 17,g, Fe 66 ,ug, B 2.4 mg, Si 15mg, andNa and
K more than 3 g.
The EDTA Ca Na2 infusion increased the 24 h elimi-

nation ofAl from 9.8 to 58 ,ug, ofFe from 66 to 121 jig, of
Mnfrom 2.9 to 16.5 ,ug, ofPb from 9.8 to 56 ,ug and ofZn
from 623 to 8847 ,ug. The excretion of the other elements
B, Ba, Cu, Si, Sr, Na, K, Ca, Mg, S and P was not
altered. However, when the results were expressed per g
creatinine, there was a slight but significant increase in
the elimination ofBa and Ca. The ratio of the increase of
urinary elimination induced byEDTA Ca Na2 was about
2 for Fe, 5 for Al, Mn and Pb and 15 for Zn.

Discussion

More data are available on normal concentrations of
elements in blood plasma than in urine. The 24 h excre-

tion of Al that we observed is in agreement with literature
values (Allain et al., 1990). The 24 h urinary excretion of
Pb (9.8 ,ug 24 h-1) was similar to the value of Behringer
et al. (1986) (10 pg 24 h- 1). The high mean concentration
of 120 ,ug 1-1 obtained in normal Americans (Perry &
Perry, 1959) can be explained by the insufficient sensi-
tivity of the spectrographic method used at that time.
Our results for Ba, Cu, Sr, Zn are similar to recent
findings (Schramel et al., 1985). The 24 h excretion of
Na, K, Ca, Mg is well documented and our values are in
the same range as those reported, for example, by
Staessen et al. (1983).
The increased urinary elimination of Pb, Mn and Zn

after EDTA Ca Na2 infusion is well-documented (Perry
& Perry, 1959). In addition, we have now shown that the
elimination of Fe and Al is also increased.
The large increase in Zn excretion (x 15) could lead to

Zn deficiency and Zn supplements should be considered
in patients treated by successive infusions of EDTA
Ca Na2.
The EDTA Ca Na2 test can aid evaluation of the

degree of intoxication by Pb and perhaps by Mn, Fe and
Al but in patients with renal dysfunction the interpre-
tation of results is more difficult.

In conclusion, like the desferrioxamine test that we
studied recently (Allain et al., 1987), the EDTA Ca Na2
test can be useful in the diagnosis and treatment of
intoxication by some elements. The present data from
healthy subjects forms a basis for the quantitative evalu-
ation of the results of the EDTA Ca Na2 test.

References

Allain, P., Mauras, Y., Chaleil, D., Simon, P., Ang, K. S.,
Cam, G., Le Mignon, L. & Simon, M. (1987). Pharmaco-
kinetics and renal elimination of desferrioxamine and ferri-
oxamine in healthy subjects and patients with haemo-
chromatosis. Br. J. clin. Pharmac., 24, 207-212.

Allain, P., Mauras, Y., Krari, N., Duchier, J., Cournot, A. &

Larcheveque, J. (1990). Plasma and urine aluminium con-
centrations in healthy subjects after administration of
sucralfate. Br. J. clin. Pharmac., 29, 391-395.

Behringer, D., Craswell, P., Mohl, C., Stoeppler, M. & Ritz,
E. (1986). Urinary lead excretion in uremic patients.
Nephron, 42, 323-329.



Short report 349A

Chisolm, J. J. (1968). The use of chelating agents in the
treatment of acute and chronic lead intoxication in child-
hood. J. Pediat., 73, 1-38.

Dwyer, F. P. & Mellor, D. P. (1964). In Chelating agents and
metal chelates. New York: Academic Press.

Klaassen, C. D. (1985). Heavy metals and heavy metal an-
tagonists. In The pharmacological basis oftherapeutics, eds
Goodman, A. & Gilman, A., pp. 1605-1627. New York:
Macmillan Publishing Company.

Levine, W. G. (1979). In Chelation of heavy metals. Inter-
national Encyclopedia of Pharmacology and Therapeutics.
New York: Pergamon Press.

Mauras, Y. & Allain, P. (1985). Automatic determination of
aluminum in biological samples by inductively coupled
plasma emission spectrometry. Anal. Chem., 57, 1706-1709.

Mauras, Y., Ang, K. S., Simon, P., Tessier, B., Cartier, F. &

Allain, P. (1986). Increase in blood plasma levels of boron
and strontium in hemodialyzed patients. Clin. Chem. Acta,
156, 315-320.

Perry, H. M. & Perry, E. F. (1959). Normal concentrations of
some trace metals in human urine: changes produced by
ethylenediaminetetraacetate. J. clin. Invest., 38, 1452-1463.

Schramel, V. P., Lill, G. & Hasse, S. (1985). Mineral- und
Spurenelemente im menschlichen Urin. J. clin. Chem. clin.
Biochem., 23, 293-301.

Staessen, J., Bulpitt, C., Fagard, R., Joossens, J. V., Lijnen,
P. & Amery, A. (1983). Four urinary cations and blood
pressure. Am. J. Epidemiol., 117, 676-687.

(Received 5 July 1990,
accepted 27 September 1990)


