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Effect of immersion on urinary lead excretion
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The physiological effects of water immersion in man
were studied by Epstein' in the 1970s in conjunction
with the United States National Aeronautics and
Space Administration's research into weightlessness.
This showed that immersion up to the neck in water
at 35°C produced a profound diuresis, naturesis, and
an increased urinary excretion of calcium. These pro-
nounced alterations in renal function brought about
by immersion probably occur because the hydrostatic
pressure of the water produces a redistribution of
extracellular fluid in the body. There is a shift ofabout
700 ml ofblood from the limbs to the thoracicocardiac
compartment. This increase in the effective extra-
cellular fluid volume is thought to mediate the renal
changes by hormonal mechanisms. A recently discov-
ered hormone, atrial naturetic peptide,2 has been
found to have a role in regulating these changes but is
unlikely to be the only factor concerned.
One study of the treatment of lead poisoning by

Bath Spa therapy during the eighteenth century3 has
shown that a cure rate of about 49% was achieved in
patients who had paralysis due to lead poisoning
whereas in hemiplegias or paralyses of unknown
aetiology the cure rate was only about 1 % and about
6% when the condition was secondary to spinal defor-
mity.

Admission to the Bath Hospital was conditional on
the charity patients complying with the prescribed
treatments and they were not discharged until a com-
mittee of the attending physicians considered that
they had obtained the maximum benefit from the spa
treatment and had agreed on both diagnosis and out-
come. The doctors were to keep good records, an
analysis of which was published annually. It was
stated that many of the patients had been discharged
as incurable from other hospitals before their admis-
sion to Bath. Between 1751 and 1758, 15 of the 31
patients with occupational exposure to lead had been
referred from London hospitals as incurable; when
they were discharged after a stay at the Bath Hospital,
seven were cured and eight were much improved.
Spa therapy was multifactorial necessitating

removal from exposure, a change in diet (probably for
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the better), increased exercise, and a regimen that
required the patient to drink the mineral water daily
and to be immersed in the bath three times a week.
Knowing that immersion affects the urinary excretion
of calcium and that the metabolism of lead and cal-
cium are closely related, we decided to investigate the
effects of immersion on the rate of urinary lead excre-
tion to see if this might have contributed to the suc-
cessful treatment at Bath.

Methods

Three lead workers with moderately raised blood lead
concentrations volunteered to be immersed and were
compared with seven control subjects.4 A 24 hour
urine specimen was collected the day before
immersion. No food or water was taken after 2230 on
the day before the experiment. At 0730 on the day of
the immersion a water load of400 ml was taken but no
food. At 0830 the subjects emptied their bladders and
drank a further 200 ml of water. The next hour was
spent sitting outside the tank on chairs identical with
those in the tank. After one hour sitting outside the
tank the subjects emptied their bladders, drank 200 ml
of water, and entered the tank. As this had been con-
verted from a jaccuzi it was possible to maintain the
temperature of the water at 35°C throughout the
immersion period and to adjust the water to be level
with the suprasternal notch when they were seated in
the tank. They remained in the tank for three hours,
getting out at hourly intervals to empty their bladders
and to drink 200 ml of water before continuing the
immersion. At the end of the third hour they spent a
further hour sitting outside the tank. The subjects
were weighed before and after immersion and blood
samples were taken on both occasions. The urine vol-
ume was measured hourly. Urinary lead concen-
trations were measured by atomic absorption spec-
trophotometry.

Results

The subjects excreted a mean excess of water of 552 ml
which was accompanied by a mean loss of weight
during the immersion period of 0-53 kg. The mean
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14 Heywood, Waldron, O'Hare, Dieppe
12 Diuresis urinary volume increased from 2 11 ml/min during the

pre-immersion period to 8&16mI/min in the second
10 hour. This profound diuresis was similar to that of the

seven normal subjects immersed under identical con-
8- ditions (fig 1). The pronounced diuresis and naturesis

._-t>;rproduced by the immersion of these subjects was sim-
ilar to that reported in our previous study.5 No

,- ;*, significant change occurred in creatinine clearance on

Ca4troP immersion. There was a considerable increase in the
4

"';: Lead workersV\ rate of urinary lead excretion from 0 09 jg/min pre-immersion to 040 jg/min in the second hour (fig 2).
2- k(n=7) The total amounts of lead excreted hourly by each

_ mers.on subject are shown in the table. The urinary lead con-
, . , . centrations of the normal subjects were too low to be

1 2 3 4 5 measured.
Fig I Diuretic effect of immersion therapy in normal and
lead exposed subjects. Comment

0 6 -

-- 50.3ypg/dlI
Ar -- 51 Alg/di
I0"-- 36 6 pg/dl

0-5

0-41

E 0-3-

02 /,6
m~~~~~~~~~~

.#/
01 t' ,/

I - -~~---

0 1 2 3 4 5

Time ( hours )

Fig 2 Effect of immersion therapy on urinary lead excre-
tion.

The results of our study suggest that immersion might
have contributed in some part to the successful treat-
ment of lead palsy at the Bath Hospital for although
the increase in the amount oflead excreted in the urine
during three hours immersion is small, bathing for up
to an hour was repeated three times a week as part of
the hospital regimen. So the increase in the total
amount of lead excreted brought about by bathing
may have been large enough to change appreciably
the patients' prognosis. This has yet to be studied.
The historical evidence shows that spa therapy was

more effective in the treatment ofparalysis due to lead
poisoning than the conventional treatments with
purges and opiates which were generally used during
the eighteenth and nineteenth centuries. Factors other
than immersion must also have contributed to the
successful outcome. One was that admission to the
hospital effectively removed the patient from his
exposure to lead whether caused by his occupation or
lead adulterated alcohol. The town water supply was
hard and therefore free of lead. In addition, following
the regimen at Bath meant that the patient drank
between one and one and a half pints of mineral water
a day. This water contains 393 mg/l of calcium and
145 mg/l of iron. Both would tend to minimise the
uptake of lead from the gut and to reduce toxicity of
the lead that had already been absorbed.
During the mid-eighteenth century the hospital

patients bathed three times a week, for up to an hour
at a time, in the hot bath. Later, Falconer reported

Total amount of lead (jig) excreted in the urine each hour during inmersion

Subject Pre-immersion 1st hour 2nd hour 3rd hour Total

1 9 60 13 62 32-56 19 50 65-68
2 4-35 11-55 28-80 7 04 47-39
3 360 420 1140 18-50 34-10
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Effect of immersion on urinary lead excretion
that cures were quicker when the cooler cross bath
was used.3 When in 1830 the hospital had its own bath
installed it was kept at 94-960F (34-350C). Immersion
at this temperature has been shown by modem studies
to produce the optimal effect on renal function.4
The effect ofdrinking the waters is yet to be studied.

We thank the Bath City Council and the Swain Foun-
dation who funded AH during the period that this
study was carried out. We would also like to thank Mr
Stephen Thomas, Mr Jos Campbell, and Dr WGB
Benson of Sheldon Bush Ltd for allowing us to study
their volunteer employees.

Vancouver style
All manuscripts submitted to the Br J Ind Med
should conform to the uniform requirements for
manuscripts submitted to biomedical journals
(known as the Vancouver style).
The Br J Ind Med, together with many other

international biomedical journals, has agreed to
accept articles prepared in accordance with the
Vancouver style. The style (described in full in
Br MedJ, 24 February 1979, p 532) is intended to
standardise requirements for authors.

References should be numbered consecutively
in the order in which they are first mentioned in
the text by Arabic numerals above the line on
each occasion the reference is cited (Manson'
confirmed other reports2-5. . . ). In future refer-
ences to papers submitted to the Br J Ind Med
should include: the names of all authors if there
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