
Suid-Afrikaanse Tydskrif vir Geneeskunde: South African Medical Journal

Kaapstad, 6 Januarie 1962 Deel 36 o. 1 Volume 36 Cape Town, 6 January 1962

SEVEN CASES OF POISONING BY SODIUM NITRITE*
M. L. FREEDMAN, O.B.E., M.B., CH.B., D.P.H., Assisrant Medical Officer of Healch, Johannesburg

With the ready availability of sodium nitrite, it is surpri
sing that cases of poisoning caused by the ingestion of
this salt in food are uncommon occurrences. Sodium
nitrite is manufactured chiefly for its use in the dye
industry. It is also employed as an anti-corrosive in anti
freeze mixtures and used as a counter against rust when
surgical instruments are sterilized. It is used either alone
or mixed with saltpetre (sodium nitrate) in the curing
of meat, to bring out the red colour and as a preservative.
In South Africa, the Food, Drugs and Disinfectants Act

o. 13 of 1929, as amended, permits the use of nitrites
in the curing of meat provided the end product contains
not more than 200 parts per million (ppm) calculated as
sodium nitrite. The same 'maximum permissible amount'
is laid down in the USA by the Bureau of Animal Indus
try of the Department of Agriculture. Heat used in cook
ing destroys nitrites, but this cannot be depended on since
the amount destroyed varies with the degree of heat and
the length of cooking. Sodium nitrate is more commonly
used in curing than is sodium nitrite. While saltpetre (US
Pharmacopeia) is 99·5% pure, commercial saltpetre fre
quently has a large admixture of sodium nitrite.

Meat curing was a process originally aimed at the
preservation of meat without refrigeration. Its primary
feature was the addition of salt to the meat, but through
the centuries variations have been introduced and combi
nations have been made with other processes so that
today a cured-meat product may not only be salted, but
also smoked and/or dried; sugar-cured; treated with
sodium nitrite and/or sodium nitrate in order to 'fix' the
colour, i.e. render the colour heat-stable; or spiced and
aged to improve flavour. The ready availability of re
frigeration today has reduced the need for meat preserva
tion with salt.

Basically there are two types of curing processes. The
first involves the addition of the curing agents in the dry
state and the second in the form of a brine. The curing
agents customarily used are: salt, sugar, sodium nitrate,
sodium nitrite, and vinegar. Salt is primarily a flavouring
agent, but is also a preservative. Sugar is largely added
for its flavour, though not exclusively. As already stated,
the nitrite and nitrate of sodium are colour-fixation
agents, though the nitrate is also bacteriostatic. This
colour-fixation enables cured meats to retain their red
ness after cooking.

Sodium and potassium nitrate were the first colour
fixation agents used. Later, when it was realized that
the nitrates were merely sources of nitrites, the direct use

*Clinical description by Dr. H. Altman, B.Sc., M.B., B.Ch.,
M.R.C.P. (Land. and Edin.), D.C.H. and Dr. D. Meskin,
M.B., B.Ob., both of Johannesburg.

of nitrites was permitted. Many contend that the best
results in curing meat are achieved by a combination of
the two curing agents.

CASE REPORTS

At 1.30 p.m. on Sunday 21 May 1961, a White family, con
sisting of the father aged 31, the mother aged 29, a male
child aged 14 months and a female child aged 5 years,
togel!her with 2 adult females and 1 adult male who were
visiting their household, partook of a meal consisting of cock
tail ausages, cheese pancakes, potatoes in their jackets,
bread and butter, and tea with milk. The only item which
was consumed by all 7 was the sausages.

Case 1 - G.F., female child aged 5 years. Wilibin 30
minutes of her meal, whioh con isted of 4 ausages and potato,
the ohild complained of severe headache and palpitations.
Examination revealed an alert child who was well orientated
and lucid. She was, however, rather unsteady on her feet
and wanted to lie down. There was no vomiting or diarrhoea,
but he had some nau ea. As the examination proceeded,
however, he became drowsy and tended to fall asleep. A
striking feature was the marked tachycardia, the heart rate
being 170 a minute, while the pulse was of good volume and
the blood pressure was 100/60 mm. Hg. While he was being
transferred to a nursing home, cyano is of the lips and mucous
membranes became evident, but there wa no respiratory
distress. 0 adventitious lung sound were detected. Drowsi
ness increased, but a good response to supra-orbital pressure
remained. Ga tric lavage yielded large quantities of undi
gested and partially digested ausage. Treatment was continued
in an oxygen tent. Thereafter the child's condition improved
considerably--drawsiness di appeared fairly soon and the cya
nosis vam hed after about 2 hours' stay in the oxygen tent. The
heart rate returned to normal more lowly; 12 hours later it
was lOO a minute and the blood pre ure was 110/65 mm. Hg.
Thereafter she remained well and suffered no after-effects.

Case 2 - G.F., male child aged 14 month.. This ohild had
eaten only 1 or 2 sausages. He was irritable, but had no
vomiting or diarrhoea. Examination howed that the child's
condition was good. There was no cyanosi or respiratory dis
tress. The temperature was 99°F., but the heart rate was 180
a minute. Some cyanosis of the lips and tongue became evident
~bout 1 hour later, that is ~bout I t hours after the meal. ()
other ~bnormal physical signs were detected. Gastric lavage
yielded a good quantity of sausage. The child was placed in
an oxygen tent where the cyanosis soon disappeared. The
heart rate of 180 a minute persisted for 2 hour and then
gradually slowed down, being 110 a minute the following
day. There was no recurrence of the cyanosis and the child
remained well.

Case 3 - Mr. R.M.H.F., male aged 31 years.
Case 4 - Mrs. J.R.F., female aged 29 year.
Case 5 - Mr. B.H.V., male aged 64 years.
Case 6 - Mrs. M. ., female aged 63 years.
Case 7 - Mr . L.T., female aged 50 year .
Within 30 minutes of their meal, all the adults experienced

palpitation and a sensation of constriction in the throat
followed by headache, dizziness and numbness of the finger:
There was epigastric discomfort and ome nausea but no
diarrhoea, vomiting or colic. They all became oomewhat
drowsy. The headaohe was di tUl'bing and was described a
throbbing and bounding. Examination of all the adults re
vea.led a tachycardia of 120 - 140 a minute; blood pressure
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varied from 100/60 to 135{95 ll1iJTl. Hg; all were apyrexial.
Cyanosis of the lips and buccal mucosa became evident I hour
after the meal, but there was no respiratory distress. There
were no other abnormal physical signs.

All the adults were encouraged to vomit and, with the
assistance of an emetic, 3 succeeded. Mr. R.F. and Mrs. L.T.
had gastric lavages whioh yielded undige ted sausage and
partially digested remnants of the recent meal. one of the
adults was detained in hospital. They complained of some
headache for 2 - 3 days. A mild diarrhoea developed the
folJowing day and, with general lassitude, remained for 2 - 3
days, by which time all had recovered completely.

From these analyses it was clear that the poisoning
was due to excess sodium nitrite in the sausages caused
by faulty supplies of 'saltpetre' to butchery A.

The supplier of the contaminated saltpetre was im
mecliately traced and a stop-order placed on all his stocks
of this product. The names and addresses of all butchers
and suppliers of meat and meat products throughout the
country who had bought saltpetre from this firm during
the previous 2 months were obtained, and each one was
contacted by telephone. An appeal to return suspected
stocks was also made through the press. 0 fewer than
43 firms had to be contacted, many from as far afield
as Bethal, Zeerust, Swaziland, Sabie, Pietersburg, Letaba,

ACTION BY JOHAN 'ESB RG CITY HEALTH DEPARTMENT

The sources of the sale and the manufacture of the
sausages were immediately traced. Samples of uncooked
a well as the original cooked sausages, together with
samples of the stomach contents of the 2 children, were
submitted to the South African Institute for Medical
Research for bacteriological analysis, and subsequently
to the City Health Department's chemical clivision. Care
ful inspection at the home of the victims revealed no
insecticide, detergent or other poison which might have
been added inadvertently in cooking the sausages, nor
was any clue apparent at the delicatessen store which
sold the product.

At one (A) of the 2 butcheries which manufactured the
sausages there were grounds for suspecting that saltpetre
and borax might well have been added to the sausage
meat in excessive quantities. Samples of the saltpetre,
borax and the cornflour used in the processing were
submitted for chemical analysis, together with samples
of the sausages.

The borax and the cornflour were chemically pure,
but the saltpetre, which should be practically 100':/0
sodium nitrate, was found to be 100% soclium nitrite.
Meanwhile, bacteriological reports from the South Afri
can Institute for Medical Research on the sausages and
the gastric contents showed no pathogenic organisms.
The following further chemical analyses then became
available:

Tzaneen, Ermelo, etc. Health departments at these places
were also informed.

The supplier's stocks of saltpetre consisted of: 101 X
50 kg. hessian bags, 48 X 100 lb. paper packets, 47 X
8 lb. bags (clispensed), and 27 X 20 lb. boxes (dispensed).

Each container was tested and found to be in order, the
average sodium nitrite content being no more than 10 ppm.

A bin containing 280 lb. of 'saltpetre', from which cash
orders for small quantities were dispensed, was found
to contain a mixture of saltpetre and sodium nitrite.

Stocks of saltpetre from the 43 firms mentioned above
were returned to the supplier and all were tested by the
City Health Department. Six of the 43 consisted of a
mixture of saltpetre and soclium nitrite and were confi
scated. Of these, 4 were from the Johannesburg area,
1 from the Orange Free State, and 1 from the East Rand.
Stocks of the remaining 37 were satisfactory.

By these means, save for 3 lb. of saltpetre supplied to
2 customers over the counter for cash, every pound sold
or in stock was accounted for and tested. .

Meanwhile, all the meat and meat products prepared at
butchery A had been seized and subjected to analysis.
This consisted of:

Sodium mtnte
(parts per million)

986
2,260
2,730
2,824
3,189

20 lb. of smoked stuffed turkey
32 lb. of smoked stuffed turkey
12 lb. of polony .
8 lb. of polony ..

149 lb. of sausages

Description

These products, together with other affected meat at the
6 establishments mentioned above, were confiscated. For
example, 502 lb. of pickled tongue, pork and corned beef
were condemned at the Orange Free State establishment,
and 37 lb. of pickled meat from other premises.

Follow-up investigations at the premises of the supplier
of the saltpetre revealed that 3 large Johannesburg firms
acted as indent agents. One agent obtained saItpetre from
the USA in paper packets, while the other 2 obtained it
from West Germany packed in hessian bags. Incidentally
it was established, after prolonged and careful enquiry,
that the packing of these products is as follows:

Sodium nitrate:

Standard pack: Single jute or hessian bags.
Also available: Jute bags with polyethylene mner

bag; iron and fibre drums.

Sodium nitrite:

Standard pack: Corrugated iron drums of. about
200 kg. net weight.

Also available: Fibre drums, with polyethylene inner
bag, of 50, 100 and 200 kg. net weight; drums
of 112 lb. and 276 lb. net weight.

Special curing saltpetre:

Soclium nitrate, containing 1·8 - 2·0% sodium nitrite,
packed in 100 lb. amounts in hessian bags with
loose paper liners.

A telex message to Durban, the port of entry, showed
that the suspected consignment of nitrate had been sent
as 'fertilizer', according to the customs manifest and bill
of loading. There are therefore valid grounds for sus-
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Sodium mtnte
(parts per million)

4,700
7,400

48
nil
nil

Description

Uncooked sausage from butchery A ....
Cooked sausage from butchery A
Stomach contents of each affected child
Cornflour from butchery A
Borax from butchery A ....

ncooked sau age from second butchery
(B)
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pecting that this consignment might well have contained
some sodium nitrite in addition to the saltpetre.

There is no doubt that consignments of this de: cription
hould not be vaguely marked as 'fertilizer', but that the

chemical nature of the product should be clearly stated
and, where applicable, should staIte that it is 'for human
consumption'. A responsibility should al 0 be impo ed
on all importers to ensure that these precautions are
adopted and that the productS for human consumption
are of adequate purity.

No further cases of sodium nitrite poisoning have
occurred.

DISCUSSIO

Earlier Reports of Sodium Nitrite Poisoning
Greenberg et al.' reported an outbreak of sodium nitrite

poisoning affecting 11 men, which resulted from eating
oatmeal in which sodium nitrite was used instead of table
salt. One death occurred.

Padberg and Martin' reported poisoning which caused
the death of 3 men who prepared a stew with sodium
nitrite instead of salt, while McQuiston' also reported the
death of 3 persons under similar circumstances. Ruegg'
reported 3 deaths, while Huzi'ter-Kramer reported 5
cases, of which 2 were fatal. Four patients described by
Musso' were given sodium nitrite in a drugstore in Algeria
in a purgative lemonade. All 4 died. A similar error, in
which a druggist gave 2 infants sodium nitrite instead of
sodium citrate, resulting in 1 death, was described by
Manicatide.' Single cases of sodium nitrite poisoning, all
terminating fatally, have also been described by Palmer,"
Arbuckle and Thies,9 Naidu and Rao,IO and Molitaris,1l
while a single' fatal case of poisoning with potassium
nitrite was reported by Farinand and Woltz."

Oppe13 reported the case of an infant aged 2 months,
with methaemoglobinaemia resulting from accidental
sodium nitrite poisoning, who was successfully ·treated by
an intravenous injection of 0·3 ml. of a 5/"0 solution of
methylene-blue. Kirby" described the case of an II-year
old girl, desperately ill with sodium nitrite poisoning re
sulting from the ingestion of machine oil containing 36·5%
of sodium nitrite, who was successfully ·treated by ex
change blood transfusion soon after admission.

Toxic Effects and Treatment
Sodium nitrite is absorbed rapidly, its effects starting

5 - 30 minutes after ingestion. Absorption starts sublingu
ally, causing vasodilatation and, in large doses, syncope
and methaemoglobinaemia. Methaemoglobin is the stable
oxidized form of haemoglobin, with the iron in the tri
valent ferric state. This form is of little value in supplying
oxygen to the tissues.

Toxic methaemoglobinaemia in infancy and childhood
should, of course, be considered in all cases of unexplained
cyanosis. Aniline derivatives are used in the manufacture
of some wax crayons, and this condition has sometimes
been produced by ingestion of these crayons. The clinical
picture depends on the amount of toxic substance ingested,
but in all cases of slate-grey cyanosis and collapse, with
nausea or vomiting, but without evidence of respiratory
or cardiac disease, methaemoglobinaemia should be con
sidered. If the cyanosis is un relieved by oxygen therapy,

and blood withdra\ n from a vein how the characteri tic
chocolate-brown coloration, the diagnosi i certain.
Methylene-blue, 1 - 2 mg. per kg. body weight, hould at
once be injected intra enousl and the cau I ub tance
mu t be sought and eradicated. In very severe ca e , ex
change tran fusion may be life-saving. It i tated that
prolonged observation of the patient is needed because
of the danger of neutropenia and agranulocyto i follow
ing the ingestion of odium nitrite.

The US Pharmacopeia giv the a erage pharmacologi
cal do e of sodium nitrite a 0·060 G. or-I grain, the
BriTish Pharmacopoeia as 0·03 - 0·12 G., or t - 2 grains.
It has been established that a dose of 3 grains in an adult
causes low blood pressure, pallor, weating, nausea, dizzi
ness and finally loss of con ciousnes .

Keohane and Metcalf" showed, during the course of
an inve tigation into the replacement of foetal by adult
haemoglobin, that the haemoglobin of cord blood is more
susceptible to methaemoglobinization by sodium nitrite
solutions than is adult haemoglobin treated in the same
way. This phenomenon had already been mentioned by
Pellegrini and Mazzeo" in a report of 5 cases of methae
moglobinaemia in which they attributed the incre<4'ied
sensitivity to the presence of foetal haemoglobin. Keohane
and Metcalf" showed, too, that the increased sensitivity
to nitrite persists until about the time of puberty, and is
not solely a property of foetal haemoglobin. The mecha
nism of the change in sensitivity is unknown.

Possible Contaminarion of Undergrollnd Water Suppiies
In January 1959 all 3 infants of a set of triplets died

at ·the Krugersdorp Hospital when 39 days old, following
the administration of sodium nitrite instead of sodium
chloride. Thi was the second recorded instance in South
Africa of death from sodium nitrite poisoning, the first
being at Krugersdorp as well. In 1953, 3 African children
aged II months, 2 years and 5 year, died on that occasion.

At the 1959 inquest proceedings, Prof. D. G. Steyn of the
University of Pretoria expressed the opinionI7 th'at, though
only these 3 fatal cases had been recorded in thi country
up to then, 'we must have had hundred of ca es of
cyanosis from it (sodium nitrite). It appears that many
of the deaths of so-called "blue babies" have been in
correctly diagnosed becau e the nece sary tests are not
made'. Professor Steyn ascribed this to the fact that the
semi-arid regions of South Africa have 'underground
water supplies (which) are frequently contaminated by
nitrates and nitrites, and we are faced with the terrific
danger of cyanosis to babies because their feeds are pre
pared from such water. Hundred, perhaps thousands, of
wells contain nitrite in amounts dangerous to infan '.
Many authorities will not agree with this view.

There are two sources of nitrogen, as nitrites and
nitrates, in South African soil and waters:

1. Oxidation of organic matter.
2. A mall amount by fixation of atmospheric nitrogen,

either through the aid of ymbiotic bacteria in the soil,
or through electrical di charges during thunder torm ,
when nitric acid will be formed and washed down by rain.

Dr. G. W. Bond" tated that the majority of well or
borehole water show small amount of nitrates a the
result mainly of pollution. He found very few in tances
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of nitrite pollution, and then only in small amounts. This
is understanda,ble becau e, during the oxidation of organic
matter, nitrites are an intermediate stage between am
moniacal nitrogen and nitrates and they are readily oxi
dized in water and soil to nitrates. This makes the risk
of nitrite poisoning from wells and boreholes a small one.

SUMMARY

I. Seven case" of acute poisoning by sodium nitrite are
described. They re ulted from the ingestion of sausages,
in the processing of which sodium nitrite instead of salt
petre (sodium nitrate) had accidentally been used.

2. All 7 patJients recovered completely without ill-effects,
3. The public health investigations which followed the

outbreak are described and an appeal is made for far
more _tringent identification measures when dealing with
this highly toxic ubstance.

4. The literature is reviewed and the treatment
described,

5, Finally, comments are made on the differing views
regarding the degree of contamination of underground
water upplies in South Africa with nitrites.

l'hanks are due to my colleagues in the Johannesburg
City Health Department, particularly in the Food Section,
for their assistance and the meticulous investigations which
followed the outbreak; to the South African Institute for
Medical Research for the bacteriological investigations; to our
Department's Chief Chemist, Dr. E. G. White, Ph.D., for all
the chemical investigations and for infonnation on under
ground water upplies; and finally to the Medical Officer of
Health, Johannesburg, for his interest and permission to
publish.
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A LONG-ACTING DIURETIC SUITABLE FOR OUTPATIENT'l;REATMENT OF :FLUID RETENTIO IN
OEDEMA OF PREGNANCY AND THE PREMENSTRUAL TENSION SYNDROME

HERBERT KRAMER, M.B., B.CH., F.R.C.S. (EOIN.), F.I.C.S., M.R.C.O.G., Obstetrician and Gynaecologist, Johannesburg

Before the discovery of salidiuretics the treatment of oedema
of pregnancy presented a difficult problem. Owing to the risk
of renal damage the physician had to be extremely cautious
in prescribing diuretic drugs, especially since the investigations
of Fahr1 and Volhard2 suggested that organic lesions of the
kidney were responsible for the symptoms of toxaemia of
pregnancy, Clearance tests and renal biopsies have in the mean
while showed that toxaemia of pregnancy is chiefly caused by
functional disorders which are reversible after parturition. The
earlier passive attitude (usually only rest in bed and dietetic
measures in the fonn of a diet rich in proteins and vitamins
and low in salt and sodium, were prescribed) has therefore been
largely superceded by active diuretic therapy. The develop
ment of oedema is caused by retention of sodium. Sodium is
also retained during nonnal pregnancy. Careful balance tests
have hown that the values in the last 2 months of pregnancy
attain 70 - 170 mEq. weekly; this corresponds to a total of
10 - 15 G. of sodium. In toxaemia of pregnancy the sodium
retained amounts to a multiple of this value.

Honnonal factors (heightened secretion of follicular and
adrenocortical honnones) play a significant part in producing
this increase in sodium retention during nonnal pregnancy. The
excessive retention of sodium in toxaemia, however, is most
probably the result of a reduction in the glomerular filtration
rate and the simultaneous increase in tubular resorption of
sodium and water. This mechanism is also of significance in
the development of cardiac oedema. Whereas in nonnal preg
nancy sodium retention causes an increase in extracellular
fluid of 4 litres at the most (not taking into account foetal
fluid-containing cavities), which results merely in a physio
logical increase in tissue fluid and possibly in a latent tendency
to oedema, an exces ive retention of sodium leads to manifest
oedema and, under certain conditions, to the well-known clinical
signs of toxaemia of pregnancy. It is the duty of the practising
obstetrician to recognize its occurrence and to treat it at an
early stage.

Only if one bears in mind that even under optimum treat
ment the foetal mortality in late toxaemia may be as high as
25%, does one realize the magnitude of this task and of the
responsibility which the physician has to bear.

THlS STUDY

The following study deals with outpatient, antenatal welfare
and treatment of excessive fluid retention in private practice.
It is concerned chiefly with the practical problems that deter
mine the therapeutic procedure. Contrary to the old opinion
that pregnant women do not require any particular attention
until the last trimester of pregnancy, the present belief is that
controls should be carried out already in the early months of
pregnancy so as to recognize and avoid impending toxaemia,
In the first place, the weight gain of the women should be
recorded. In addition, the blood pressure is measured and the
urine examined. Determination of the protein content of the
urine alone is insufficient, since albuminuria only occurs in
advanced stages of the disease and is a severe sign of pre
eclampsia.

Theoretically. in nonnal pregnancy the gain in weight is
estimated at 10 - 12 kg. (20 - 25 lb.). Half of this pertains to
the product of pregnancy and the amniotic fluid; the remaining
50% a.rises from the increase in size of the uterus, the breasts,
and above all, from the extra-cellular fluid. Weight gains
exceeding 0·5 kg.fweek or 1-5 - 2 kg./month are no longer
physiological and suggest the beginning of toxaemia. In these
cases it is necessary to search for oedema, which is found not
only in the lower limbs, but also in the hands and face and
over the sacrurn. For the differential diagnosis it is important
to know that isolated oedema of the legs is mostly due to
static disorders, and disappears during the night. Excessive
weight gains without oedema are almost invariably the result
of overeating. Here a reduction of calorie intake is indicated,
possibly in conjunction with appetite-inhibiting drugs.

Choice of Diuretic
Carrying out this fonn of antenatal welfare in our private

practice, we observed, in the course of 3 months, 30 patients
with manifest oedema which did not respond to dietetic therapy
alone, and therefore required active diuretic treatment. In our
search for a suitable diuretic we excluded from the beginning
mercurial preparations, since their parenteral administration
produces abrupt shifts in the water and electrolyte balance and
the oral administration leads to gastro-intestinal intolerance
in a relatively large number of cases. For several reasons the


