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members of a family with a high incidence of acute myeloid
leukaemia (Snyder et al., 1970). Perhaps there is a similar
increased susceptibility to malignant transformation by viruses
in this family also. Other factors might have had a contributory
effect-for example, the propositus appeared to be deficient in
monocytes and macrophages, which are important in the
defence against viral pathogens (Silverstein, 1970).
The possible role of immunodeficiency in the pathogenesis of

leukaemia has already been mentioned (Galton and Spiers, 1971),
and in this context it is interesting that low concentrations of
IgA were present in several members of the family (Fig. 1) as in
another, rather similar familial acute myeloid leukaemia (Snyder
et al., 1970). In the present family it appears that the IgA
deficiency was inherited from the mother (I 2) and was not a
simple dominant characteristic. That this association between
inherited leukaemogenic factors and immunodeficiencies might
not be fortuitous is suggested by the work of Sutton et al. (1969),
who found lower concentrations of IgA in siblings of leukaemic
children. Further evidence is provided by the numerous reported
cases of the association of lymphoreticular malignancy and
cellular and humoral immunodeficiency (Freeman et al., 1970;
Galton and Spiers, 1971; Potolsky et al., 1971).
Although genetic predisposition seems the most likely

explanation of our findings, the possibility of "vertical" trans-
mission, as in the virus-induced murine leukaemias (Huebner
and Todaro, 1969) and as suggested for familial leukaemia in
man by Heath and Moloney (1965), must also be considered.
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Summary

A country patient on home haemodialysis suffered acute
nausea, vomiting, and fever during dialyses when she
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used water stored in a galvanized tank. She subsequently
was found to have severe anaemia with raised plasma and
erythrocyte zinc concentrations. Intercurrent hospital
haemodialyses and subsequent home dialyses with
deionized water were symptom-free.
Experimental haemodialyses of dogs against small

concentrations of zinc showed a disproportionate rise in
plasma zinc and possible uptake of zinc by the liver.

Introduction

The possibility that metallic poisoning might occur in dialysed
patients as a result of transfer of metals present in low con-
centrations in dialysis solution has been shown (Maher et al.,
1964; Maher et al., 1965) but only copper poisoning has been
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recognized in clinical practice (Matter et al., 1969; Manzler and
Schreiner, 1970).
We report the case of a patient on home dialysis who suffered

acute toxic symptoms correlating with markedly raised blood
zinc concentration when using tank-water for dilution of
dialysis fluid. Intercurrent hospital dialyses were uneventful,
and subsequent deionization of her home tank-water supply
resulted in asymptomatic dialyses.
The binding of zinc by the plasma of experimentally dialysed

dogs is also described.

Methods

Plasma, dialysis fluid, and water levels of zinc and copper and
red cell copper were measured by atomic absorption spectro-
photometry, as previously described (Blonifield et al., 1969).
Red cell zinc was measured by atomic absorption using a 1 in 40
dilution of packed red ceils in deionized water. Normal red cell
zinc levels were measured in blood from 10 Red Cross blood
donors. Liver zinc concentrations were measured by atomic
absorption in ashed wedge biopsy specimens dissolved in 4N
hydrochloric acid.

Sixteen dogs were experimentally dialysed with the prime
purpose of measuring copper uptake, as previously described
(Blomfield et al., 1971). Ten dogs were dialysed with Cello-
phane coils and six with cuprophane coils. Liver biopsy speci-
mens were collected before and after dialysis from four of the
dogs dialysed with the Cellophane membranes and all six of the
dogs dialysed with the cuprophane membranes.

Case Report
The patient was a 32-year-old housewife living on a farm in
South-west New South Wales. In January 1971 she was admitted
to hospital with malignant essential hypertension and renal failure.
Her hypertension failed to respond to conservative management,
which included peritoneal dialysis and haemodialysis, and she
underwent bilateral nephrectomy in March 1971. Postoperatively
her blood pressure was within normal limits without antihyperten-
sive therapy.
She was trained for home haemodialysis from 2 March until

15 April using an extemal arteriovenous shunt, a Drake-Willock
artificial kidney without a blood pump, and a Kiil dialyser. During
this period she was in excellent health. She was discharged home
to continue a regimen of three 10-hour periods of dialysis a week.
Two hours after starting her first dialysis at home she developed

severe nausea vomiting, and fever. These symptoms continued
throughout the 10-hour period and were equally severe during
each of two subsequent dialyses at home, but subsided between
dialyses.
On 22 April she was readmitted to hospital and dialysed there

until the 27th, during which time she lost all her symptoms.
These, however, recurred during her first and two subsequent
dialyses at home. She became progressively weaker and on 4 May
was readmitted. Her haemoglobin was found to be 3-5 g/100 ml,
and a blood film showed moderate polychromasia. She was trans-
fused and dialysed in hospital, again with rapid relief of all
symptoms.
At home she used for dialysis rain water which had been

collected from a painted galvanized iron roof, initially into a
neighbour's galvanized iron tank where it had been stored for at

Zinc and Copper Concentrations of Tank-water and Patient's Blood

Date Sample Zinc Copper
D a e

I
a p eInl) GA( /I/00 l)

11/5/7' Neighbour's tank-water 166 1
5 Patienes 700k-water 625 2

5/5/71 (36 hours after 2Plma 700 43*
dialysis at home) Red cells 3,500 115

18/6/71 (after 6 weeks' . Plasma 158 -

dialysis in hospital) Red cells 1,230 -

*Plasma free copper.
Normal Runges.-Plasma: zinc 60-110 Ftg/100 ml; copper (free copper) 5-15 ng/100ml. Red cells: zinc 1,000-1,400 iLg/lOO ml, copper 70-105 I&g/100 ml.
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least two-and-a-half months because of drought conditions, and
subsequently transferred to her own new galvanized iron tank.
Samples of the water and her blood were measured for trace
elements.
The results, given in the Table, showed high zinc concentrations

in the tank-water, particularly from the new tank. The patient's
blood, collected 36 hours after completion of a dialysis at home,
showed greatly raised zinc concentrations in plasma and red cells.
Blood copper levels were a little above the upper limit of the
normal range despite very low water copper concentrations. After
six weeks of dialysis in hospital the red cell zinc level had
returned to normal but the plasma zinc was still moderately raised.

After investigating various alternatives a deionizer was installed
between the patient's water tank and the inflow pipes to her
artificial kidney. She was finally discharged home on 3 August and
had symptom-free dialyses frm tat time.

Haemodialysis ofDogs
The marked capacity of the plasma to bind zinc is illustrated in
the Chart. With the Cellophane coils, after 10 minutes of
dialysis against fluid with a mean zinc concentration of 78
tLg/100 ml the mean arterial plasma zinc concentration had
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Plasma zinc concentrations of dogs undergoing haemodialysis using Cello-
phane coil and cuprophane coiL

risen froma predialysis level of 62 jg/lOOmlto224 ,ug/lOOml,and
the mean difference between arterial blood entering and that
leaving the dialysis coil was 432 iLg/100 ml. After two hours the
arterial level had further increased to 333 Rg/100 ml and the
uptake across the coil was still 487 ILg/100 ml.
With the cuprophane coils (see Chart) despite a mean dialysis

fluid level of only 18 tLg/100 ml the arterial plasma concentration
rose from 57 ,tg/100 ml to 146 tg/100 ml after two hours of
dialysis, with appreciable uptake of zinc across the membranes.

Increases of liver zinc from a mean predialysis level of 13.9
mg/100 g of dry liver to 16.5 mg/100 g occurred during the
two-hour dialysis in all four of the dogs tested when the Cello-
phane coils were used. With the cuprophane coils the liver
zinc increased in five out of six dogs from a mean predialysis
concentration of 16.2 mg/100 g to 19.4 mg/100 g at two hours.
With the Cellophane coils used the zinc was mainly dissolved

from zinc oxide adhesive plaster around the coils, whereas with
the cuprophane coils the small concentration of zinc in the
dialysis fluid was derived from tap-water (Blomfield et al.,
1969).

Discussion

Zinc and copper in dialysis fluid do not equilibrate across the
dialysis membrane but are extracted into the blood by the
strong affinity of the plasma and red cells for these metals
(Blomfield et al., 1969; Blomfield et al., 1971).
Although zinc is regarded as a relatively non-toxic metal,

ingestion of large doses is known to cause nausea, vomiting,
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diarrhoea, and fever (Van Reen, 1966). Vomiting and fever
occurred on each occasion that the patient was dialysed against
fluid diluted with rain water stored in a galvanized iron tank and
correlated with a high concentration of zinc in both tank-water
and plasma. Additionally she became severely anaemic at a time
when she had a grossly raised red cell zinc concentration. The
occurrence of toxic symptoms during her first home dialysis
implies acute zinc poisoning, and their recurrence with each
subsequent dialysis the possibility of acute-on-chronic toxicity.

Gastrointestinal disturbances and haemolysis are symptoms of
copper poisoning in haemodialysis (Blomfield et al., 1971), but
measurements in this patient disclosed no undue contamination
of the dialysis fluid by copper, nor excessive uptake by plasma
or red cells. The small increase of plasma free copper may have
been due to displacement by zinc of liver copper which had
accumulated during previous hospital dialyses and which, in
this anephric patient, could not be cleared from the blood by the
renal route.

Previous studies of zinc uptake in haemodialysis patients have
all shown small rises in arterial plasma zinc concentrations
during dialysis, despite dialysis fluid zinc concentrations lower
than the plasma levels (Maher et al., 1965; Blomfield et al.,
1969; Mansouri et al., 1970; Mahler et al., 1971; Zazgornik
et al., 1971), and high predialysis plasma zinc has been found
in some patients (Mansouri et al., 1970; Zazgornik et al., 1971),
suggesting zinc accumulation.
The experimentally dialysed dogs in this study showed avid

plasma binding of zinc to levels many times greater than in the
dialysis solution, with a resultant progressive rise in arterial
plasma zinc and a possible increase in liver zinc concentrations.
Simultaneous copper uptake studies in these dogs have been
reported previously (Blomfield et al., 1971). A comparison
between zinc and copper uptake from similar bath fluid con-
centrations shows a relatively greater increase of zinc in plasma
returning from the dialysis coil and in arterial plasma but a
comparatively lower liver uptake of zinc at the end of the two-
hour dialysis period.
Although the major excretory route of zinc is in pancreatic

juice, zinc accumulates initially in the liver, a fact which has led
to the use of the radioisotope "Zn as a liver scanning agent

(Johnston et al., 1967). Intravenous injection of this radioisotope
in man has shown a five-minute half-life in the circulation and a
prompt removal and concentration by the liver (Johnston et al.,
1967).
These studies emphasize the dangers of metal poisoning in

haemodialysis. The large volumes of water used for haemodia-
lysis and the binding of metals by plasma proteins can lead to
acute or cumulative toxicity from water with metal concentra-
tions which are within acceptable limits for drinking purposes.

The haemodialysis coils used in the experimental dialysis of dogs
were supplied by Travenol Laboratories Pty., Rosebery, N.S.W.
We would like to thank Dr. J. H. Stewart, Dr. D. C Cattran,
and Dr. J. A. Charlesworth, of Sydney Hospital, Sydney, Miss
K. L. Warton, of Royal Alexandra Hospital for Children, Sydney,
and Dr. D. A. McCredie, of the Royal Children's Hospital,
Melbourne, for their contributions to these studies.
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Plasma Steroid and Luteinizing Hormone Levels during
Prostaglandin F2a Administration in Luteal Phase of
Menstrual Cycle
KEITH HILLIER, ANGELA DUTTON, C. S. CORKER, ALBERT SINGER, M. P. EMBREY

British Medical yournal, 1972, 4, 333-336

Summary

An intravenous infusion of prostaglandin F2m (12.5-
250Lg/min) was administered in four volunteers in the
mid-late luteal phase and three in the early luteal phase
of the menstrual cycle.
Frequent measurement ofplasma progesterone, oestro.

gens, and luteinizing hormone( LH) showed that admilnis-
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tation of high doses depressed plasma progesterone
levels in the late luteal phase and caused concomitant side
effects. Levels of progesterone in the early luteal phase
were unaffected. In both phases oestrogen and LH levels
were little altered. In two subjects, hourly progesterone
levels measured throughout the day at a similar time in a
subsequent control menstrual cycle showed an appreci-
able variation in one but steady levels in the second.
This variation may contribute to the magnitude of the
fall in progesterone noted during the infusion of prosta-
glandins.

Introduction

Experimental evidence indicating that the prostaglandins
possess luteolytic activity has suggested the possibility of a novel
approach to fertility control. Prostaglandin F,oc (PGFgx) acts as
a luteolysin in many non-primate laboratory animnls (Blatchley
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