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Methaemoglobinaemia in areas with high nitrate
concentration in drinking water

S. K. GUPTA, R. C. GUPTA, A. K. SETH, A. B. GUPTA, J. K. BASSIN, ALKA GUPTA

ABSTRACT
Bdckground. An epidemiological investigation was under-

taken in all age groups to assess the prevalence of methaemo-
globlnaernla in areas with high nitrate concentration in drinking
water.

Methods. Five areas were selected with an average nitrate
concentration (as nitrate) of 26, 45, 95, 222 and 459 mg
nitrate ions/litre in drinking water. These areas were visited and
the house schedule (containing name, age, sex and weight ofthe
family members) prepared in accordance with the statistically
designed protocol. In all, 178 persons, matched for age and
weight, were selected and arranged in five age groups. They
constituted 10% of the total population of each of these areas.
A detailed history of the selected population was taken, medical
examination conducted and blood samples taken to ascertain the
level of methaemoglobin. The collected data were subjected to
statistical analysis to ascertain a relationship between nitrate
concentration and methaemoglobinaemia.

Results. High nitrate concentrations cause severe methaemo-
globinaemla (7%-27% of Hb) in all age groups, especially in the
age group ofless than 1year and above 18 years. The lower levels
of methaemoglobin in the age group of 1- 18 years is probably
due to better reserve of cytochrome bs reductase activity and its
adaptation to increasing nitrate concentration in water to com-
pensate for methaemoglobinaemia in this age group.

Conclusion. We conclude that high nitrate ingestion causes
methaemoglobinaemia in all age groups. Cytochrome bs reduc-
tase activity and its adaptation with increasing water nitrate inges-
tion plays a role in compensating for the methaemoglobinaemia.
Natl Med J India 2000; 13:58-61

INTRODUCTION
Consumption of water with a high nitrate concentration has been
reported to cause methaemoglobinaemia in infants up to 6 months
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of age.!" The World Health Organization (WHO) has prescribed
the maximum permissible limit of nitrate in drinking water as
50 mg N03 ions per litre," while IS-10500 prescribes 45 mg ofN03
ion per litre as the maximum permissible limit in drinking water.'
However, in several parts of Rajasthan, people" perforce drink
water containing high levels of nitrates, and consumption of water
having concentrations of up to 500 mg of N03 ions per litre is not
unusual.

When nitrates are ingested, they are reduced to nitrites in the
intestinal tract, and absorption of nitrites leads to methaemoglobin-
aemia. Some studies suggest that the reduction of nitrate to nitrite
starts in the oral cavity." These nitrite ions are absorbed in the
blood stream and nitrite is converted back to nitrate. During this
process, haemoglobin is converted to methaemoglobin. In healthy
individuals, absorbed nitrates are rapidly excreted by the kid-
ney.'? (The pathophysiology of nitrate toxicity is shown in the
Box.)

Methaemoglobinaemia is caused by nitrite, the product of
reduced nitrate. Reduction usually occurs by microbial action
either in the environment or in the body. Therefore, the health
risks from exposure to nitrates are related not only to their
concentration in drinking water and food, but also to the presence
or absence of conditions conducive to their reduction to nitrites. I I

An epidemiological investigation was carried out in a few
villages of Rajasthan to assess the prevalence of met haemoglobin-
aemia in infants and study a hypothesized protective mechanism
of cytochrome b5 reductase activity in areas with high nitrate
levels in drinking water. It was observed that the clinical presen-
tation of methaemoglobinaemia (cyanosis) was not restricted to
infants but was also prevalent in older age groups. 16 Therefore,
this study was further extended to include people of all age
groups. Reports on methaemoglobinaemia in older age groups
due to high nitrate ingestion through drinking water are not
available.

We studied the methaemoglobin levels and nitrate concentra-
tions in drinking water for all age groups in the study area.

METHODS
Water analysis was conducted in 50 villages in the state of
Rajasthan, India. 16 Out of these 50 villages. five areas (village
units) were selected where the drinking water source had an
average nitrate concentration (as nitrate) of 26, 45, 95, 222 and
459 mg N03 ions per litre. The estimation of nitrate concentration
in water'? was done using the ultraviolet spectrophotometric
screening method. A village unit was taken as that part of the
village where the entire population was fetching drinking water
from a single source. The selected village units were physically
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Pathophysiology of nitrate toxicity
When nitrates are ingested, reduction to nitrite occurs in the intestinal tract, and absorption of the nitrite leads to
methaemoglobinaemia. Some studies suggest that the reduction of nitrate to nitrite starts even in the oral cavity. 10 These nitrite
ions are absorbed in the blood stream and nitrite is converted back to nitrate. During this process haemoglobin is converted to
methaemoglobin. In healthy individuals, absorbed nitrates are rapidly excreted by the kidney. I I The essential action in the
formation of methaemoglobin is an oxidation of the ferrous to the ferric ion. This oxidation may be brought about in one of
the following ways: 12 by the direct action of oxidants; by the action of hydrogen donors in the presence of oxygen; or by auto-
oxidation. In the presence of nitrites, the ferrous ion of haemoglobin gets directly oxidized to the ferric state. Normally, the
methaemoglobin that is formed is reduced by the following reaction: 13

Hb+3 + Red cyt bs > Hb+2 + oxy cyt bs

Reduced cytochrome bs (Red Cyt bs) is regenerated by the enzyme cytochrome bs reductase:

cyt bs

Reductase

Thus, the enzyme cytochrome bs reductase plays a vital role in counteracting the effects of nitrate ingestion. Infants are a
vulnerable group because: 14

• Higher pH of stomach (2.0-5.0) permits growth of nitrate-reducing organisms (E. coli, Salmonella, etc.)
• Relatively higher consumption of water per unit weight of body
• Foetal haemoglobin, present in infants up to 6 months of age, is more readily oxidized to methaemoglobin than adult

haemoglobin
• Incomplete development of NADH-methaemoglobin reductase system.

While a few cases of methaemoglobinaemia in infants have been reported to be associated with water nitrate levels of less than
50 mg nitrate ions/litre, most cases occur with nitrate levels of90 mg nitrate ions/litre or rnore.tv 14 World Health Organization
Health Criteria 5 reports the following clinical manifestations at different methaemoglobin concentrations."

Methaemoglobin concentration Clinical presentation

< 10% No signs and symptoms
10%-25% No symptoms, cyanosis present
25%-50% Cyanosis, dyspnoea, headache
50%-60% Dyspnoea even on lying, cyanosis, disorientation
>60% Lethal levels

Bacteria causing non-specific diarrhoea are generally considered responsible for conversion of nitrate to nitrite. The lower pH
of the stomach of adults inhibits these bacteria.

oxy cyt bs + NADH -----~> Red cyt bs + NAD

close (within a radius of 2 Ian) to each other. The environmental,
social and nutritional conditions in the selected village units were
similar, except for nitrate concentrations in the water.

These village units were visited and a house schedule (contain-
ing details of family members, their name, age, sex, weight, etc.)
was prepared. Ten per cent of the total population from each of
these village units, matched for age and weight was selected
randomly for detailed clinical and biochemical examination. The
samples were arranged in five age groups, as follows:

Group I: <I year
Group 2: >I year to ~ 8 years
Group 3: >8 years to ~18 years
Group 4: >18 years to ~45 years
Group 5: >45 years

A total of 178 persons were selected from five areas. The main
reason for matching the age of the population in samples from
different village units was that nitrate toxicity is mainly affected
by age. Infants below the age of 3 months could not be taken as
a separate group because of medical and ethical reasons. The

number of parents willing to permit collection of blood samples
from such infants was very small.

A detailed history of the selected population was taken, a
medical examination was conducted and blood samples were
taken (after getting proper consent) for estimation of methaerno-
globin (represented as %Hb) in accordance with the modified
method of Evelyn and Malloy. 18 Cytochrome b, reductase activity
(DPNH- dependent diaphorase activity, represented as ID/g Hb)
was determined by methaemoglobin ferricyanide method. 19

Statistical analysis
The collected data were subjected to statistical analysis (correla-
tion and regression analysis) to examine a possible correlation
between nitrate concentration, cytochrome b, reductase activity
and methaemoglobinaemia.

RESULTS
The nitrate concentration in water and mean methaemoglobin
levels for the different age groups are shown in Table I. It was
observed that methaemoglobinaemia was not restricted to infants
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Methaemoglobin concentration in different age groups

TABLE1. Age group (years), nitrate (mg/L), mean methaemoglobin (%Hb) and cytochrome b, reductase (IU per g Hb) levels

Nitrate n

levels < 1 year > 1 year >8 years > 18 years >45 years
to 8 years 18 years 45 years

< 1 year > 1 year >8 years > 18 years >45 years
to 8 years 18 years 45 years

26 28
45 45
95 26
222 52
459 27

12.7 (3.97) 8.9 (1.16) 4.8 (1.29) 9.3 (1.65) 7.9 (1.02)
19.5 (3.15) 15.2 (2.37) 16.5 (4.94) 19.0 (5.49) 10.7 (2.03)
26.9 (6.12) 15.1 (1.93) 9.7 (2.39) 12.7 (2.34) 7.0 (1.04)

7.1 (0.98) 8.1 (0.71) 5.8 (0.96) 6.9 (0.51) 7.1 (1.01)
15.4 (4.02) 15.5 (3.34) 11.1 (3.74) 9.9 (2.12) 10.0 (0.72)

Cytochrome b5 reductase levels in different age groups

5.9 (3.47) 13.8 (3.92) 8.5 (0.93) 7.6 (1.91) 5.9 (1.71)
2.6 (0.72) 11.2 (4.0) 10.6 (3.82) 11.9 (4.97) 8.6 (6.16)

12.0 (4.43) 16.2 (6.88) 23.7 (22.3) 9.8 (2.39) 2.2 (0.89)
5.3 (1.63) 8.6 (3.02) 3.1 (1.02) 10.9 (4.75) 2.3 (0.56)
7.2 (2.68) 6.2 (0.92) 2.4 (0.25) 6.0 (1.71) 2.7 (0.6)

Figures in parentheses are standard error
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I-IG 1. Methaemoglobin and nitrate in all age groups

but was also prevalent in the older age groups. Clinical examina-
tion revealed cyanosis in all the age groups. Out of 178 subjects,
136 (76%) had clinical cyanosis. The other main signs and
symptoms observed were recurrent stomatitis, and recurrent diar-
rhoea and respiratory infections in children.

High levels of methaemoglobin were seen in all age groups
consuming water with a nitrate content as low as 26 mg/L to as
high as 459 mg/L. The peak methaemoglobin level was observed
at 45-95 mg/L of nitrate concentration in water. The highest value
of methaemoglobin was observed in less than 1-year-old children.

The other age groups also showed a methaemoglobin peak at
45-95 mg/L of nitrate. This peak was followed by a decline in
methaemoglobin and another rising trend was observed at a
nitrate concentration of about 200 mg/L. The results of correlation
and regression analysis between nitrate concentration, cytochrome
b, reductase activity and methaemoglobinaemia are depicted in
Table I and Figs. 1 and 2.

DISCUSSION
Nitrate and nitrite are naturally-occurring ions that are part of the
nitrogen cycle. Naturally-occurring nitrate levels in surface and
ground water are generally a few milligrams per litre. In many
areas, an increase in the nitrate levels of ground water has been
observed. This is probably due to water percolating through
nitrate-rich rocks and also as a result of farming practices using
chemical fertilizers.

High nitrate concentrations in drinking water cause severe
methaemoglobinaemia and clinical cyanosis in infants and adults.
Children and adolescents have lower levels of methaemoglobin.
The other clinical consequences of high nitrate ingestion are
recurrent stomatitis," and recurrent diarrhoea and respiratory
infections in children."

We observed high nitrate concentrations causing severe
methaemoglobinaemia (7%-27% ofHb) in infants (Group 1) and
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in over 18-year-olds (Group 4; methaemoglobin in the range of
7%-19% of Hb). High methaemoglobin was also observed in
Group 5 (over 45-year-olds) where it was in the range of7%-1 0%
of Hb. Groups 2 and 3 had lower levels of methaemoglobin. In
Group 2, methaemoglobin was in the range of 8%-15% of Hb and
in Group 3, it was 5%-16% ofHb (Fig. 1). A possible cause could
be the reserve of cytochrome bs reductase activity and its adapta-
tion to increasing water nitrate concentration to compensate for
methaemoglobinaernia," which is more prominent in the younger
age group (1-18 years) compared to infants and older people.
Thus, infants and older age groups were more susceptible to
methaemoglobinaemia in high nitrate belts. The adaptation of
cytochrome bs reductase activity in relation to nitrate concentra-
tion peaks at about 95 mg nitrate ions/litre and falls back to the
baseline level at about 200 mg nitrate ionsllitre (Fig. 2).

Our study indicates that excess intake of nitrates adversely
affects the entire population. This finding has established a cause
for serious debility in the population in the reproductive age group
(over 18 years) and during the period of crucial development
(below 1 year).

It is difficult to remove nitrate from drinking water as it is
highly non-reactive in dilute aqueous solutions. Processes such as
reverse osmosis, ion exchange and electrodialysis have been
successfully used to treat drinking water but they have limitations
of high cost and low volumetric capacity. Use of a biological
process of nitrification-denitrification, though relatively cheaper,
has greater application in prevention of nitrate contamination by
treatment of waste water than for treating drinking water. Thus,
tackling this problem would go a long way in ensuring better
health of the reproductive age group.
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Autologous bone marrow/stem cell transplantation: Initial
experience at a north Indian referral centre

S. GUPTA, L. KUMAR, G. M. K. RAJU, V. KOCHUPILLAI, D. K. SHUKLA

ABSTRACT
BackgrDund. High-dose chemotherapy and/or radiation

therapy rescued by autologous bone marrow or peripheral blood
stem cells is being increasingly used for the treatment of haema-
tological and solid malignancies. While few centres in India use this
modality of therapy, the worldwide experience is encouraging.
We, therefore, analysed the results of our initial experience with
this therapeutic modality.

Methods. Forty-two patients [multiple myeloma (17),
Hodgkin's disease (4), non-Hodgkin's lymphoma (3), chronic
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myeloid leukaemia (2), acute myeloid leukaemia (2), acute
lymphoblastic leukaemia (2), epithelial ovarian cancer (6), breast
cancer (4), primitive neuroectodermal tumour and testicular
germ cell tumour (1 each)] underwent high-dose chemotherapy
followed by either autologous bone marrow transplant (n=9),
peripheral blood stem cell transplant (n=30) or both (n=3).
The indications for transplant included either advanced stage at
diagnosis, other adverse prognostic indicators during the course
of their disease, or relapse. The data were ana lysed retrospec-
tively in December 1998 using hospital records. Follow up data
of all the patients were available.

Results. Thirty-four ofthe 42 patients (8 t %) showed stable
engraftment. Eight patients (19%) died in the early post-
transplant period (day 5 to day 52 post-transplant). Seven
patients died due to neutropenic infections and one due to acute
renal failure. Of the 34 surviving patients, 20 were alive at the
time of analysis and t 4 had died. All but one death in this group
were due to progressive primary malignancy. The median overall
survival for all patients was t 7 months and for the 34 engrafted


