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

Contamination of drinking water supplies 
with nitrates is an issue of concern for pub-
lic health and environmental health practi-
tioners, mainly because it can be a health 
threat to infants less than 6 months old when 
contaminated drinking water is used to pre-
pare formula milk [1]. Short-term exposure 
to high levels of nitrates in drinking water 
can cause methaemoglobinaemia, known as 
blue baby syndrome, especially in infants 
up to 6 months of age [2,3].

Groundwater is the only source of drink-
ing water in the Gaza Strip region of Pales-
tine, and water supplies from the wells in 
Gaza City, Jabalia and Khan-Younis have 
a high level of nitrates, above the interna-
tional recommended level. In these areas, 
there is high population density; thus much 
of the Gaza population is exposed to high 
nitrates. Gaza Strip faces a serious problem 
of drinking water availability if current 
pumping rates continue or increase with the 
growth of the population and economy [4].

The most common causes of ground-
water pollution in the Gaza Strip are over-
pumping from wells for domestic and agri-
cultural use leading to diminishing ground-
water levels and hence seawater intrusion 
[5], the continuous seepage of wastewater 
[5] and the agricultural chemicals including 
fertilizers which are applied to cropland to 
raise agricultural production, and which 
then permeate the cropland groundwater 
[6]. The underlying problem is the high 
population in the Gaza Strip.

The general objective of this study was 
to evaluate the relationship between nitrate 
concentrations in the drinking water sources 
and the level of methaemoglobin (Met-Hb) 
in infants’ blood in 3 areas of the Gaza 
Strip: Jabalia, Gaza City and Khan-Younis 
and to examine the relationship between 

demographic, socioeconomic, nutrition and 
environmental status and Met-Hb levels 
among infants.



A cross-sectional design was adopted for 
this study which was conducted over 6 
months between the beginning of June 2002 
and the end of November 2002. 


The study group was all 338 infants who 
visited one of the 12 Ministry of Health 
(MOH) primary health care centres for vac-
cination during the study period; these are 
the main health centres in Jabalia, Gaza City 
and Khan-Younis. The distribution by area 
was follows: 43 from Jabalia (12.7%), 199 
from Gaza City (58.9%) and 96 from Khan-
Younis (28.4%). The sample size calcula-
tion was made using Epi-info, version 6 in 
order to determine a representative number 
of subjects. 


The mothers of the study infants were inter-
viewed face-to-face to collect the following 
information: mother’s age, mother’s educa-
tional level, mother’s occupation, father’s 
occupation, family’s source of drinking 
water, type of feeding for the infant (exclu-
sive breastfeeding, complementary foods, 
formula milk) and if formula milk was used, 
how it was prepared. 

Venous blood samples were collected 
from infants into EDTA tubes by a well-
trained laboratory technician and tested for 
haemoglobin (Hb) and Met-Hb. The sam-
ples were promptly sent to the laboratory 
to be tested for compete blood count (CBC) 
using a haematology analyser cell (Dyne 
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1700) and Met-Hb assay using a manual 
spectrophotometric procedure.

The nitrate concentration in the drinking 
water wells of the study areas during the 
study period were taken from the records of 
the Public Health Laboratory of the MOH 
which tests wells twice annually in coordi-
nation with the municipality.


The data was entered into a computer and 
SPSS, version 8, and Epi-Info were used for 
data cleaning and analysis. Data analysis 
was carried out by preparing frequency ta-
bles for all the study variables, defining and 
recoding certain variables and cross-tabula-
tion and advanced statistical analysis. Sta-
tistical relationships between the variables 
and methaemoglobin level were assessed 
using the chi-squared test. P-values < 0.05 
were considered statistically significant. 


The necessary approval to conduct the study 
was obtained from the Helsinki Commit-
tee in the Gaza Strip. Patient confidential-
ity was maintained at all times during the 
study. Approval of the director general of 
the MOH was obtained in order to carry 
out this study following the permission of 
general director of primary health care. The 
idea and theme of the study were fully ex-
plained to the mothers of included infants. 
Both verbal and written methods were used 
in a clearly detailed performance. Assur-
ance and confidentiality were satisfactorily 
attained.




Of the 338 infants, 53.3% were males and 
46.7% were females (Table 1). The mean 
age was 4.5 [standard deviation (SD) 2.6] 

months; 35.8% were aged 1–3 months, 
53.3% > 3–6 months and 10.9% > 6 months. 
The mean weight of the study infants was 
6.3 (SD 1.5) kg. 

The mean Hb level of the study group 
was 10.6 (SD 1.2) g/dL; 58.0% of the infants 
were anaemic (Hb < 11 g/dL) (Table 2).

Approximately a quarter of the infants 
(24.0%) were exclusively breastfed, 13.6% 
were fed only by formula and 62.4% were 
fed by formula in addition to breastfeeding 
(Table 2). Three-quarters of the infants 
(76.0%) were supplemented by foods other 
than milk, and 24.0% were not. The mean 
age of beginning supplementation was 2.5 
(SD 2.0) months. The study showed that 
68.3% of infants were given boiled water. 

The main source of drinking water for 
the families of each study infant was as 
follows: 59.5% of families used tap wa-
ter, 20.4% used treated water, 11.2% used 
home-filtered water and 8.9% used reservoir 
water and water of private wells (Table 3). 
The source of family drinking water varied 
significantly in the different study areas ( 2

= 68.21, P < 0.0001), with tap water being 
more common in Jabalia (79.1% of infants’ 
families), than Gaza City (52.8%) or Khan-
Younis (64.6%).


There was a significant statistical associa-
tion between infant’s age and Met-Hb level 
in blood ( 2 = 47.55, P < 0.0001) (Table 1). 
The proportion of infants with Met-Hb level 
> 5.0% at 1–3 months of age was 17.7%, 
at > 3–6 months of age was 65.9% and > 6 
months of age was 16.5%. The percentage 
of males with raised Met-Hb (54.9%) was 
not significantly different from females 
(45.1%).

There was no significant relationship 
between Met-Hb level and any of the socio-
economic variables: mother’s age, mother’s 
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educational level, mother’s employment, 
father’s employment or family size. 

Concerning the type of milk feeding 
of infants, there was significant negative 
association between Met-Hb level in blood 
and exclusive breastfeeding ( 2 = 97.21, 

P < 0.0001) (Table 2). This result is also 
supported by ANOVA test showing that 
the mean Met-Hb level of infants fed by 
formula was the higher (8%), compared 
with infants fed exclusively by breastmilk 
(3%) (F = 69.33, P < 0.0001). There was 


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   
 

       


       

       
       
       


       

       
       


       

       
       


       

       
       
       


       

       
       


       

       
       


       

       
       
       
 
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a significant positive association between 
Met-Hb level and the use of boiled water to 
prepare formula milk ( 2 = 6.91, P = 0.009), 

where 94.4% of infants with high Met-Hb 
levels were fed by boiled water compared 
with 84.5% of children with low Met-Hb 
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

   
 

       


       

       
       


       

       


       

       


       

       


       

       
       


       

       

      




  
 

       

      

      

      


       

      

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levels. There was a highly significant as-
sociation between the level of Met-Hb and 
supplemental feeding for infants ( 2 = 81.01, 
P < 0.0001) (Table 2).

The findings revealed that there was 
no statistical association between Met-Hb 
and any significant health problems such 
as confusion, chest pain and skin discol-
oration, but there was statistical significant 
association between the level of Met-Hb 
and infants who had diarrhoea ( 2 = 5.3, 
P = 0.017) (Table 2); 12.2% of children 
with raised Met-Hb levels suffered from 
diarrhoea compared with 5.2% with lower 
Met-Hb.

There was also relationship between 
Met-Hb level and weight of infants, where 
the percentage of underweight infants with 
high Met-Hb (11.0%) was more than the 
percentage with low Met-Hb level (5.7%) 
( 2 = 10.46, P = 0.005).

The percentage of anaemic infants with 
a high level of Met-Hb (69.5%) was greater 
than those with low Met-Hb level (52.9%) 
( 2 = 17.36, P < 0.0001) (Table 2). This 
result also was supported by the regression 
test which showed a negative correlation 
between Met-Hb level and Hb level (F = 
25.48, P < 0.0001); a 1% increase of Met-
Hb level in blood was associated with a 0.27 
g/dL decrease of Hb in blood. Moreover, 
there were differences in mean Hb level 

between different age groups, where the 
lowest mean Hb level was infants aged 
> 6 months (10.3 g/dL), and the highest 
in infants aged 1–3 months (10.8 g/dL) 
(ANOVA test, F = 3.21, P = 0.042).

There was a large difference in the level 
of Met-Hb according to the source of drink-
ing water used by the families of infants 
( 2 = 17.77, P = 0.000). The percentage of 
infants with high Met-Hb in the families 
using treated water (14.0%) was approxi-
mately half the percentage of infants with 
low Met-Hb in the families using the same 
sources of water (26.4%) and the same was 
true for filtered water (6.7% versus 15.5%) 
(Table 3). The mean Met-Hb level of infants 
whose families using tap-water was 5.61% 
(SD 2.8%), for treated water 4.54% (SD 
2.6%), for filtered water 4.02% (SD 2.4%) 
and for other (reservoir, private well) 6.13% 
(SD 2.8%) (ANOVA, F = 5.10, P = 0.007).


The results showed that the proportion of 
infants with slightly raised Met-Hb levels 
(i.e. > 3%) was highest in Khan-Younis 
(80.2%) compared with Jabalia (79.0%) 
and Gaza City (74.9%). The percentage 
of infants with a greatly raised Met-Hb 
level (> 8%) was 24.0% from the infants 
of Khan-Younis, 18.5% from Jabalia and 
12.1% from Gaza City (Table 5).



 
      
           

          

          

          

          

 
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The overall mean Met-Hb level of the 
study infants was 5.26% (SD = 2.80%) and 
differed significantly between the study 
areas: 5.50% (SD 2.7%) in Jabalia, 4.88% 
(SD 2.6%) in Gaza City and 5.94% (SD 
3.0%) in Khan-Younis (ANOVA, F = 5.10, 
P = 0.007.


The mean nitrate concentration in the drink-
ing water wells of Jabalia was 124 ppm 
(range 71–248), in Gaza City 119 ppm 
(18–244) and in Khan-Younis 195 ppm 
(18–440) [7] (Table 6). These values exceed 
the Palestinian standards, which recom-
mend 70 ppm nitrate in the drinking water 
and the WHO standard of 50 ppm [8].



This study revealed a difference in the per-
centage of infants with raised Met-Hb levels 
in the 3 localities; the infants from Khan-
Younis had the highest methaemoglobin 
level compared with Jabalia and Gaza. A 
study in Palestine in 2000 found a high 
proportion (92.4%) of surveyed children in 
the southern hospital in Khan-Younis had 
Met-Hb levels exceeding the safe level (> 
5%) [9].

By reviewing the analytical data from 
the records of the Public Health Labora-
tory for the local drinking water wells, it 
was found that the highest mean nitrate 
concentration in wells was in Khan-Younis 
(199 ppm) and the lowest was in Gaza City 
(125 ppm). 

There was a similar pattern between the 
Met-Hb levels of the infants and the nitrate 
levels of drinking water in the different resi-
dential areas. Khan-Younis had the highest 
nitrate level in wells and the highest mean 
Met-Hb level among the infants living in 
that area (5.94%). The level of nitrates in the 
drinking water of Gaza City was the lowest, 
and the mean Met-Hb level of infants was 
the lowest (4.90%). These results suggest a 
relationship between the nitrate concentra-
tion in drinking water sources and Met-Hb 




 
      

           

          

          

          

          
  






   
  
   

   

   


    

   

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level in the infant’s blood. This result agrees 
with other studies which suggest that the 
nitrate level in drinking water is the most 
important factor that affects Met-Hb level. 
Ziebarth [10] and Clesceri et al. [11] found 
that few cases of methaemoglobinaemia 
were reported with a water nitrate level of 
less than 50 ppm and most of the cases oc-
curred at a level 90 ppm.

Concerning the age of infants, previous 
studies concluded that infants are more 
susceptible to nitrate toxicity than older 
children or adults. In our study, among 
infants < 6 months the most risky group 
was infants > 3 months compared with age 
1–3 months. This suggests that the effect of 
nitrate concentrations on the Met-Hb level 
in infants begins after starting artificial milk 
feeding or after starting supplemental feed-
ing. Preparing formula and supplemental 
feeds needs drinking water, which is the 
main source of nitrate in this age group. 
This result is supported by the fact that the 
average age of introducing supplemental 
feeding in these infants was 2.5 months. 
Moreover, infants having artificial feeding 
have low gastric acidity, where NADH- 
Met-Hb reductase enzyme is only 50% 
active, and the fetal Hb is more susceptible 
to oxidation than adult Hb [12].

The study revealed no relationship be-
tween the sex of infants and Met-Hb level. 
This result is logical, when there are no 
physiological differences between males 
and females at this age in general and spe-
cifically in the blood system. In addition, 
the sources of drinking water for both sexes 
are the same at this age and there is unlikely 
to be discrimination between the sexes in 
the quantity of feeding or quality of water 
used to prepare formula milk.

Our study showed no significant rela-
tionship between any socioeconomic fac-
tors of families—mother’s age, parental 

educational level and occupation—and the 
infants’ Met-Hb level. This result could 
be explained by the fact that there is insuf-
ficient awareness about the effects of nitrate 
contaminated water on the health of infants 
among most of the population of Gaza 
society, regardless of educational level or 
occupation.

The results of the study strongly sug-
gested that the type of water supply of 
infants’ families significantly affects the 
level of Met-Hb in infants’ blood, where the 
highest proportion of infants with Met-Hb 
level > 5% belonged to families using tap 
water (68.9%) or other sources (10.4%) 
compared to families using treated or fil-
tered water (about 20%). Moreover, the 
mean Met-Hb of infants from families using 
tap water or other sources was higher than 
those who using treated and filtered water 
(4.54% and 4.02% respectively).

It was also observed in this study that 
there was a highly significant correlation 
between the source of water supply and 
the study area. The infants’ families in 
Khan-Younis and Jabalia used tap water 
(64.6% and 79.1% respectively) more than 
the infants’ families of Gaza City (52.8%). 
This explains the higher Met-Hb levels in 
infants from Khan-Younis and Jabalia than 
those from Gaza City. This is attributed to 2 
main factors: first the high level of nitrates 
in the sources of water, second, the higher 
use of other sources or tap water in families 
from Khan-Younis and Jabalia than those 
from Gaza City. It is very important to note 
that these other sources are not monitored 
by any government or non-government 
agency, and the public cannot know if these 
are highly contaminated with nitrate, since 
nitrate is known to be colourless, odourless 
and tasteless [13].

The study has shown that a high propor-
tion of infants with high Met-Hb levels 
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(75.8%) are fed by formula milk or mixed 
feeding. This indicates a strong positive 
correlation between artificial milk feeding 
and high Met-Hb level among infants < 
6 months. On the other hand there was a 
negative correlation between breastfeeding 
and Met-Hb level that means the breastfeed-
ing can be considered as a protective factor 
against raised Met-Hb in infants’ blood. 
This finding suggests that the relationship 
between artificial feeding and high Met-Hb 
level can be attributed to the correlation 
between nitrate contaminated water and a 
high level of Met-Hb. This result agrees 
with other studies which show that the use 
of nitrate-contaminated water to prepare 
infant formula milk is a well-known risk 
factor for methaemoglobinaemia [14]. Fur-
thermore, artificial feeding decreases stom-
ach acidity to lower levels than adults, thus 
allowing the growth of stomach bacteria 
which reduce nitrate-to-nitrite conversion, 
raising the level of nitrates which react with 
haemoglobin to form Met-Hb [15].

The use of boiled water was also posi-
tively associated with raised Met-Hb, as 
approximately 95% of infants with high 
Met-Hb levels were from families who boil 
water before using it. This result is congru-
ent with studies which revealed that the 
concentration of nitrate in water increases 
if the water is boiled [16,17]. This result 
also explains the absence of a relationship 
between Met-Hb level and the educational 
level of infants’ parents. Parents with a high 
educational level may boil water before 
preparing formula to avoid bacterial con-
tamination. However, if they do not know 
about correct practices to reduce the level 
of nitrate concentration in water, the prac-
tice of boiling water, paradoxically, may 
increase the problem for infants.

The findings also showed a high positive 
statistical significant association between 

supplemental feeding and high Met-Hb 
level, where 97.6% of infants with high 
Met-Hb level had supplemental feeding 
compared to 55.7% of those with low Met-
Hb level. This could be attributed to using 
water in this kind of feeding, and the cor-
relation is in reality between the nitrate-
contaminated water and Met-Hb level. This 
indicates that supplemental feeding could 
be another factor contributing to increasing 
levels of Met-Hb in infants. This result 
is supported by the previous result which 
showed that the water source played a role 
in determining the level of Met- Hb, and the 
Met-Hb level increased when the source of 
water was tap water or other sources rather 
than filtered or treated water. Moreover, this 
result is congruent with the previous result 
which reflected that the level of Met-Hb 
increased with using formula or mixed feed-
ing as supplemental feeding. 

Concerning the relationship between the 
level of Met-Hb in the infants’ blood and the 
health status of those infants, earlier stud-
ies showed that reduced oxygen transport 
becomes clinically manifest when Met-Hb 
concentration reaches 10% of Hb concen-
tration and above and that ranges between 
15% and 30% are consistent with mild to 
moderate symptoms, but are not considered 
life-threatening [14,18]. In our study, the 
mean Met-Hb level among infants did not 
exceed 6%, and the highest level was 13%; 
it is not surprising therefore that complaints 
of health problems (confusion, chest pain 
and skin discoloration) among the infants 
were not very high (around 6%) and there 
were no cases of cyanosis in this study.

Symptoms of diarrhoea were more 
common among infants with high Met-Hb 
levels. This finding agrees with a report of 
an infant of 8 weeks who became ill with 
symptoms of vomiting and diarrhoea after 
their mother stopped breastfeeding and be-
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gan feeding with formula reconstituted with 
water from the family’s private well [14].
Artificial feeding is a therefore a confound-
ing factor in this study, as the water used in 
preparing the formula of artificial feeding 
could be contaminated with both high levels 
of nitrates and bacteria.

An important finding of our study was 
the significant association between high 
Met-Hb levels in infants and anaemia and 
underweight; 69.5% and 65.2% of infants 
with high Met-Hb level were anaemic and 
underweight respectively. This suggests 
that Met-Hb levels have a negative impact 
on the nutrition status of the infants. Moreo-
ver it was found that each 1% of Met-Hb 
level decreased the level of Hb in blood by 
0.27 g/dL. This result is considered a logical 
consequence of the formation of Met-Hb, 
because Met-Hb is an oxidation product of 
haemoglobin [19] and toxic methaemoglob-
inaemia may be associated with haemolytic 
anaemia caused by the precipitation of Hb 
to form Heinz bodies. The other finding is 
that significantly more infants with raised 
Met-Hb were underweight than infants with 
normal Met-Hb (11.0% versus 5.7%).

The high level of Met-Hb leads to diar-
rhoea, a finding supported by Avery who 
mentioned that diarrhoea was a prominent 
symptom in the majority of methaemoglob-
inaemia cases linked to drinking water [15].
The presence of diarrhoea and poor feeding 
habits decrease further the chance of ben-
efiting from feeding, which in turn leads to 
growth retardation and underweight. More-
over high Met-Hb level and anaemia are 
associated with low oxygen in blood and in 
tissues. The low level of oxygen in tissues is 
also associated with a decrease in metabolic 
processes which leads to decreased benefit 
from the foods in the growth of infants and 
in turn leads to growth retardation of infants 
and underweight.

The overall conclusion from the cur-
rent study is that key factors for the level 
of Met-Hb in the blood of infants in Gaza 
community may be the drinking water and 
the concentration of nitrate in this water. All 
the variables which were associated with 
high Met-Hb level could be attributed to 
nitrate-contaminated water.



 
 


   
   



 

 
   


     
     



    


     
     
  
    



     
  

  

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    



  




 
  


    
   
  
   


 





  
     
   


    
     


   


     
   


  
     
   


      
  
   


 
 
    


    

  
  


 
   
  



