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Of particular and timely interest to paediatricians and to public-health
and sanitary workers is the newly recognized syndrome in infants, caused
by the presence of high concentrations of nitrates in rural water-supplies.
Because it presents an alarming clinical picture, and sometimes causes
death in infants under three months of age, because the true extent and
prevalence of this syndrome are still unknown in many countries, and
because it is an easily preventable illness-this bibliographical review has
been prepared.

The problem of cyanosis in infants was first brought to the attention
of the medical profession in 1940 when two US workers-Schwartz &
Rector 39-reported a case of " idiopathic methemoglobinemia " in an
infant in a small town in Montana, USA. It was in 1945 that Comly 7

related this clinical picture to the finding of high concentrations of nitrates
in the well water which was used to dilute infants' artificial feeding formulas.
Since 1945, reports of cases have appeared in paediatric and public-health
journals in Belgium,12 Canada,15 30,36 the United Kingdom,25 and the
USA; 1, 3, 4, 6, 8, 9, 11, 13, 18, 22, 27, 29, 34, 40, 41, 43 in all, nearly 200 cases have
been described. It is presumed that the condition is even more wide-
spread than these reports indicate, since it may occur anywhere in a rural
area where well water is used in infant feeding.

Clinical Manifestations

The clinical picture is almost diagnostic. A normal healthy infant
-generally under two months of age-living in a rural area where the water-
supply is obtained from wells develops an intense cyanosis described as
an unusual brownish-grey skin colour. This cyanosis comes on within
a week after the infant has been placed on an artificial formula which is
diluted with well water. Drowsiness and occasional gastro-intestinal
disturbances may follow, but there is rarely any dyspnoea. Physical examina-
tion reveals no abnormalities other than the cyanosis. Chest x rays and
all laboratory tests are normal, with the exception of the blood methaemo-
globin level which is elevated.
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I If the use of the contaminated well water is continued, the cyanosis
persists and death, from anoxaemia may ensue. The case fatality-rate has
been estimated at 10 %.34 Adults, and older children using the same water-
supply are not affected, and their blood contains the normal amount of
methaemoglobin.7

Treatment

In treating these cyanotic infants, frequently all that is needed is to
remove the offending well water from the formula. The cyanosis will then
disappear within a few hours, and complete recovery will take place within
one or two days. However, in severe cases where the application of
immediate measures seems necessary, the drug of choice is methylene
blue. 5, 19, 20' 26' U, 45 This may be administered intravenously, in doses
of 1 to 2 mg per kilogram of body-weight, using a 1 % solution.

Causes of Methaemoglobinaemia

Methaemoglobin is normally present in the blood in a concentration
of 1 %.35 It is not toxic in itself but it is unable to carry oxygen. The
methaemoglobin formed in these cases of infant cyanosis is intracorpus-
cular.0, 17. 31 37 Various chemicals and drugs, including acetanilide,
aniline dyes, potassium chlorate, sulfonamides, and nitrates, have been
found to produce this type of methaemoglobin.38'42 When nitrates are
ingested, they are reduced in the intestinal tract to nitrites and are absorbed
into the blood-stream.2'46 It has been well established that the nitrite ion
is the effective agent in the production of methaemoglobinaemia. One
molecule of nitrite ion reacts with two molecules of haemoglobin to form
methaemoglobin.16 It is believed that the degree and severity of the
methaemoglobinaemia which an infant will develop from the ingestion
of water containing nitrates depend on several factors-for example, the
relative amount of nitrate ingested; the presence of nitrate-reducing
bacteria in the upper gastro-intestinal tract ; 8.28 the usual low neonatal
gastric acidity; the intracorpuscular enzyme activity; and the total haemo-
globin content of the blood. These same factors probably help to explain
why adults and older children are not affected.

Sources of Nitrates in Wells

Nitrates in well water are generally regarded as being an end product
of the bacterial decomposition of animal or vegetable matter; the nitrate
content of the water is thus a rough guide to the degree of contamination
of a well from these sources. Pollution by animal or human excreta is
frequent when the wells are old and broken, are dug rather than drilled,
are not provided with adequate casings, are equipped with faulty coverings,

166



CYANOSIS OF INFANTS

and are situated in farmyards or grossly insanitary areas. Wells such as
these usually have a high bacterial count as well as a high nitrate level.-
Occasionally it has been found, however, that a bacteriologically safe well
has a high concentration of nitrates ; 7 in these instances, the bacterial
decomposition of the humus of the soil must be suspected as the source
of the nitrates. Analyses of water samples from rural wells in Canada 36
and the USA4.7 22 show- that many of these wells contain significant
amounts of nitrates (i.e., more than 10 parts of nitrate ion per million) and
small amounts of nitrites.

Prophylactic Measures Recommended

Clinical signs of methaemoglobinaemia rarely develop in infants unless
the nitrate level in the ingested well water is above 10 parts per million.
It is recommended therefore that waters containing more than 10 parts
per million nitrate ion be avoided if possible for infant feeding, and that
those containing more than 20 parts of nitrate per million be definitely
avoided.36 For infants in rural areas who have to be fed artificially, the
safest formulas to use are those which require the least water in their
preparation.24'30 In order of safety these would be

(a) undiluted acidified milk mixtures;
(b) cows' milk mixtures;
(c) evaporated milk mixtures;
(d) dried or powdered milk mixtures.
In order to lower the nitrate concentration of rural wells to safe levels,

special precautions must be taken. The well site must be carefully chosen,
with a view especially to good surface drainage and proper slope of sub-
surface rock formations, and must be a safe distance from any possible
sources of pollution. The construction of the well, whether dug, drilled,
or driven, must be scientifically planned. The equipment of the well, such
as pumps, pipes, or tanks, must be carefully selected and maintained in
good order.'4,'21,23,32, 33

SUMMARY RItSUMI!

Recent literature on the occurrence of L'auteur passe en revue diverses publi-
cyanosis in young infants after ingestion cations recentes sur la cyanose provoqu&e
of well waters containing high concentra- chez les nourrissons par l'ingestion d'eau
tions of nitrates is reviewed. de puits ayant une forte teneur en nitrates.
Although the problem of cyanosis in Le probleme de la cyanose des nourris-

infants was brought to the attention of the sons a attir6 l'attention des milieux
medical profession in 1940, when a case m6dicaux pour la premiere fois en 1940,
of " idiopathic methemoglobinemia " lorsqu'un cas de a meth6moglobinemie
was reported in Montana, USA, it was idiopathique ' a et6 signal6 dans l'Etat
not until 1945 that this clinical picture de Montana (Etats-Unis d'Am6rique). II
was related to the ingestion of well waters a cependant fallu attendre 1945 pour que
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with a high content of nitrates. Since
then, about 200 cases have been reported,
and there is reason to believe that the
condition may be even more widespread
than the reports indicate.

The clinical symptoms, which usually
appear a week after the infant has been
put on a formula diluted with well water,
include the development of a brownish-
grey skin colour, drowsiness, and occa-
sional gastro-intestinal disorders. Provided
that administration of the well water is
immediately stopped, however, the cyan-
osis will usually disappear in a few hours.
In severe cases the intravenous injection
of 1 to 2 mg of methylene blue per kilo-
gram of body-weight is recommended.
If the use of contaminated well water is
continued, death from anoxaemia may
ensue.

The severity of the attack depends on
various factors: the amount of nitrate
ingested, the presence of nitrate-reducing
bacteria in the upper gastro-intestinal
tract, gastric acidity, intracorpuscular
enzyme activity, and total haemoglobin
content of the blood.

Preventive measures recommended
include avoiding administration of water
containing more than 10 parts of nitrate
per million, using formulas requiring the
minimum amount of water in their pre-
paration, and taking special precautions
with regard to choice of site, construction,
and maintenance of wells.

soit etablie la relation entre ce tableau
clinique et l'ingestion d'eau de puits
ayant une forte teneur en nitrates. Depuis
lors, quelque 200 cas ont et6 signales,
et il y a lieu de croire que cette affection
est encore beaucoup plus repandue que
ne l'indiquent les rapports.

Les sympt6mes cliniques, qui apparais-
sent d'habitude une semaine apres que
l'on a commence a nourrir l'enfant
d'aliments prepares avec de l'eau de
puits, consistent en une coloration gris-
brun de la peau, un 6tat de somnolence
et, eventuellement, des troubles gastro-
intestinaux. Pourvu que l'on cesse imm&
diatement de se servir de l'eau de puits,
la cyanose disparait g6neralement apres
quelques heures. Dans les cas graves,
l'injection, par voie intraveineuse, de bleu
de methylene est recommandee, aL la dose
de 1 a 2 mg par kilogramme de poids
de l'enfant. Si l'emploi de l'eau de puits
contaminee continue, la mort par anox6mie
peut s'ensuivre.
La gravite de la crise depend de divers

facteurs: la quantit6 de nitrates ing6res,
la presence dans la partie superieure de
l'appareil gastro-intestinal de bacteries
qui reduisent les nitrates, l'acidite gas-
trique, l'action de l'enzyme intraglobu-
laire et la teneur totale du sang en hemo-
globine.

Les mesures preventives recommandees
sont les suivantes: eviter d'employer de
l'eau contenant plus de 10 parties de
nitrates par million, utiliser pour I'alimen-
tation des nourrissons les preparations
qui exigent le minimum d'eau, prendre
des precautions speciales pour determiner
l'emplacement des puits, leur construction
et leur entretien.

REFERENCES

1. Amer. J. publ. Hlth, 1949, 39, 1038
2. Bergh, A. A. H. van den (1905) Dtsch. Arch. klin. Med. 83, 86
3. Bigler, J. A. & Gibson, S. (1949) J. Pediat. 35, 116
4. Borts, I. H. (1949) Amer. J. publ. Hlth, 39, 974
5. Brooks, M. M. (1935) Amer. J. Physiol. 114, 160
6. Chapin, F. J. (1947) J. Mich. med. Soc. 46, 938
7. Comly, H. H. (1945) J. Amer. med. Ass. 129, 112



CYANOSIS OF INFANTS 169

8. Cornblath, M. & Hartmann, A. F. (1948) J. Pediat. 33, 421
9. Donahoe, W. E. (1949) Pediatrics, 3, 308

10. Evelyn, K. A. & Malloy, H. T. (1938) J. biol. Chem. 126, 655
11. Faucett, R. L. & Miller, H. C. (1946) J. Pediat. 29, 593
12. Ferrant, M. (1946) Acta paediatr. belg. 1, 17
13. Ferrant, M. (1946) J. Pediat. 29, 585
14. Georgia Department of Public Health (1946) Water supplies for suburban and country

homes, Atlanta, Ga.
15. Goluboff, N. (1948) Canad. med. Ass. J. 58, 601
16. Greenberg, L. A., Lester, D. & Haggard, H. W. (1943) J. biol. Chem. 151, 665
17. Halpern, B. N. & Dubost, P. (1939) Bull. Soc. Chim. biol. 21, 717
18. Harper, E. A. (1949) Virginia med. Mon. 76, 32
19. Hartmann, A. F., Perley, A. M. & Bamett, H. L. (1938) J. clin. Invest. 17, 699
20. Hauschild, F. (1939) Klin. Wschr. 18, 1580
21. Iowa State Department of Health (1942) Bull. Iowa St. Dept Hlth (article entitled

" Sanitary standards for hand-pumped wells")
22. Johnson, G. et al. (1946) J. Iowa med. Soc. 36, 4
23. Kansas State Board of Health, Division of Sanitation (1947) Well water supplies,

Topeka, Kans.
24. Krueger, G. M. (1949) J. Pediat. 35, 482
25. Lancet, 1948, 1, 956
26. Lederer, J. A. (1937) Arch. int. Pharmacodyn. 55, 347
27. Marcus, H. & Joffe, J. R. (1949) New Engl. J. Med. 240, 599
28. Marriott, W. M., Hartmann, A. F. & Senn, M. J. E. (1933) J. Pediat. 3, 181
29. Mathews, G. F. & Sellner, E. P. (1947) J. Okla. med. Ass. 40, 444
30. Medovy, H., Guest, W. C. & Victor, M. (1947) Canad. med. Ass. J. 56, 505
31. Michel, H. 0. & Harris, J. S. (1940) J. Lab. clin. Med. 25, 445
32. Minnesota Department of Health, Section on Environmental Sanitation (1947)

Manual of water supply sanitation. Small power pump installations. St. Paul,
Minn., Section VII, paragraphs 701-799

33. Minnesota Department of Health, Section on Environmental Sanitation (1948)
Manual of water supply sanitation. Hand pump installations. St. Paul, Minn.,
Section V, paragraphs 501-599

34. New York State Department of Health (1949) Bull. N.Y. St. Dept Hlth, 2, 31
35. Paul, W. D. & Kemp, C. R. (1944) Proc. Soc. exp. Biol., N.Y. 56, 55
36. Robertson, H. E. & Riddell, W. A. (1949) Canad. J. publ. Hlth, 40, 72
37. Roche, J. (1930) Arch. int. Pharmacodyn. 37, 358
38. Roe, H. E. (1933) J. Amer. med. Ass. 101, 352
39. Schwartz, A. S. & Rector, E. J. (1940) Amer. J. Dis. Child. 60, 652
40. Scott, E. P. (1949) Amer. J. Dis. Child. 78, 77
41. Stafford, G. E. (1947) Nebraska med. J. 32, 392
42. Wallace, W. M. (1947) J. Amer. med. Ass. 133, 1280
43. Weart, J. J. (1948) Illinois med. J. 93, 131
44. Wendel, W. B. (1939) J. clin. Invest. 18, 179
45. Williams, J. R. & Challis, F. E. (1933) J. Lab. clin. Med. 19, 166
46. ZoBell, C. E. (1932) J. Bact. 24, 273


