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ABSTRACT 

This study assessed the iron, zinc and copper status of primary school-attending children in Lagos. A sample of 200 
primary school-attending children was randomly selected using a stratified 2—stage sampling technique. Data was 
collected in the 2 major seasons in Nigeria; Dry and Rainy seasons using dietary intake (24 hr dietary recall protocol) 
venipuncture blood samples, and a self-administered questionnaire. The data were analyzed using descriptive and in-
ferential statistics. Among ages 5 - 8 years, the main dietary intake for iron was 10.66 ± 12.44 mg/d (106% of DRI), for 
zinc, 7.30 ± 7.39 mg/d (92% of DRI) and for copper, 1.55 ± 1.31 mg/d (390% of DRI). For ages 9 - 13 yrs, the mean 
intake of micronutrients showed that iron was 11.03 ± 12.72 mg/d (138% of DRI), zinc was 8.44 ± 7.79 mg/d (105% of 
DRI) and copper was 3.75 ± 15.17 mg/d (536% of DRI). Biochemical results indicated that 19.8% of the subjects had 
inadequate serum iron, 21% and 32.1% were zinc and copper deficient respectively. Prevalence of anemia was 38.1% 
while iron deficiency anemia was 13.06% and iron deficiency was 34.6%. Dietary intakes did not provide right amounts 
of micronutrients to meet body requirements. There is the need to formulate and implement nutrition education pro-
grams to correct micronutrient deficiency among primary school-attending children in Lagos, Nigeria. 
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1. Introduction 

Micronutrient malnutrition affects the health and survival 
of more than 2 billion people worldwide [1]. Deficiencies 
of iron, iodine, and vitamin A are the most widespread 
forms of micronutrient malnutrition with public health 
consequences [2].   

When people cannot afford to diversify their diets with 
adequate amounts of fruits, vegetables or animal-source 
foods that contain large amounts of micronutrients, defi-
ciencies usually occur as is the case with monotonous 
cereal or tuber-based diets [3]. 

School age children are at an increased risk of micro-
nutrient deficiency owing to increased energy expendi-
ture, combined with decreased meal frequency and re-
duced maternal attention, and parasitic infections. 

Anaemia (which could result from iron deficiency) is 
estimated to affect one half of the school age children in 
developing countries [4]. Iron deficiency is disadvanta-
geous to the achievement of school children [5]. About 
800,000 child deaths per year are attributable to zinc 
deficiency [6,7]. Globally, zinc deficiency has been re-

ported to contribute to substantial morbity and mortality 
[8]. Single micronutrient deficiencies seldom occur in 
isolation, but instead interact and tend to cluster. School 
age children like most populations in low-income coun-
tries, suffer from multiple micronutrient deficiencies. 
Data are scarce on the extent of the problem in school 
age children. However, inferences can be drawn from data 
on pre-school children. 13 to 27 percent of pre-school 
children are estimated to have two or more micronutrient 
deficiencies suggesting that 100 million pre-school chil-
dren worldwide are affected [9].  

2. Methods 

2.1. Subjects 

The Children attending primary Schools in the Mainland 
Local Government Area (MLGA) constitute the Survey 
Population. As at the period of the study there were 21,494 
public and 6963 private school children in MLGA.  

2.2. Ethical Considerations 

The ethical guidelines of the Council for International 
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Organizations of Medical Sciences. CIOMS [10] were 
followed. Informed consent was collected from all per-
sons involved: head teachers, teachers, school pupils, and 
parents. 

Approval to carry out this work was given by the Ethi-
cal Review Committee of Lagos State University Teach-
ing Hospital (LASUTH) and Lagos State Schools Pri-
mary Education Board (SPEB). 

2.3. Sample Size and Sampling Procedure 

A list of all the primary schools in Mainland Local Gov-
ernment Area (MLG) was obtained. 

A stratified two-stage sampling scheme was employed. 
Stratification of schools was done according to school 
type and location categories. One public and one private 
school each was selected randomly from each of the five 
locations (giving a total of ten schools). 

The five locations were selected based on the available 
wards. The results of a recent National Food Consump-
tion and Nutrition Survey 2001-2003 as reported [11] 
showed that a sample size of two hundred from a popula-
tion of about fifty thousand, yielded a sampling error of 
between 18% - 20% for iron and <5% for zinc. Conse-
quently, a sample size of two hundred respondents was 
selected objectively to ensure size proportionality of sex 
within schools. Class balance (primary 1 - primary 4) 
equal number of public and private schools for each lo-
cation. 

2.4. Data  

2.4.1. Dietary Intake 
Dietary intake was assessed using the 24 hour dietary 
recall protocol. Portion sizes were estimated using stan-
dard household measures quantified in grams. 

2.4.2. 24 Hour Dietary Recall 
Subjects were asked to recall and describe all foods and 
drinks (including amounts) eaten in the previous 24 
hours. Micronutrient values of the consumed diets were 
computed using data from food composition tables and 
other published materials [12,13]. The micronutrient in-
take of the subjects was evaluated using the Dietary Ref-
erence Intake [14] as a reference. 

2.5. Blood Analyses 

5 mls of non-fasting venous blood samples was collected 
by a certified laboratory Scientist (Hematologist). The 
sample for full blood count was taken to the Psychiatric 
Hospital Laboratory, Yaba and analyzed within 3 hours 
using an automated blood count system (Bayer Corp. SV 
Benedict Ave, Tarrytown, NY. 10591-5097 USA). 

Serum was obtained by centrifugation at a maximum 
of six hours after collection and stored at –20˚C until 

analysis. The blood samples were analyzed for: serum 
ferritin, serum iron, serum zinc, serum copper, haemo-
globin (Hb) and Packed Cell Volume (PCV). Atomic 
absorption spectrophotometer (VGP Buck Scientific Inc, 
East Norwalk Connecticut Model 210-VGP) was used in 
measuring iron, zinc and copper concentrations at the 
chemistry laboratory of the University of Agriculture, 
Abeokuta [15].  

Serum ferritin was measured, using a commercial kit 
by Biosystems Reagents and Instruments (Cod 31326 
and Cod 31926, Biosystem SA Costa Bravd, Barcelona 
Spain ISO 900 Tuv Cert. Reg. 011006696), following 
standard principles [16]. The analysis was carried out at 
the Virology Laboratory of the Nigeria Institute of 
Medical Research (NIMR) Lagos. 

The serum samples, the reagents and the spectropho-
tometer (Heλios Gamma, 820, Linden Ave, Rochester, 
N.Y. 14625, USA & Delta 1998 Spectronic Instruments) 
were all brought to 37˚C. 

2.6. Calculations 

The ferritin concentration in the sample was calculated 
using a general formula [17].  

The protein control serum level I (Cod 31087) and 
level 11 (Cod. 31088) were used to verify the perform-
ance of the measurement procedure. The values obtained 
were compared with previous works [18,19]. Hemoglo-
bin (Hb) values were also compared [20,21]. Iron defi-
ciency was defined as having serum ferritin values below 
10 µg/l [22]. Anemia was defined as having Hb levels 
below 11 g/dl [23]. Iron deficiency Anemia was defined 
as a combination of iron deficiency and anemia. A serum 
iron concentration below 55 µg/dl, serum zinc concentra-
tion below 70 µg/dl, and serum copper concentration 
below 85 µg/dl were all defined as low [17]. 

2.7. Statistical Analyses 

Microsoft excel was used to manage the data at entry 
stage but was later transferred into SPSS (Statistical 
Package for Social Sciences) for further analysis.  

Descriptive statistics, (frequencies, mean, median) 
were used to describe variables, while chi-square test was 
employed to ascertain any significant association be-
tween variables in categories. Only variables, which were 
responded to, were analyzed. The significance level was 
put at 5%. Correlation analysis was employed to infer the 
degree of relationship between variables. 

3. Results 

3.1. Socio-Economic Characteristics of Subjects 

49% of the subjects were males while 51% were females. 
Their mean age was 7.93  2.218 with age ranging from 
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5 to 13 years.  

3.2. Micronutrient & Phytate Composition of 
Major Foods and Drinks Consumed by  
Subjects 

Foods eaten by at least 10 percent of the subjects were 
considered as major foods consumed (Table 1). However, 
only the foods consumed by at least 10 percent of the 
subjects and also do not have published data on their iron, 
zinc, copper and phytic acid content were chemically 
analyzed. 

Results revealed that the mean intakes for iron ranged 
from 8.38 mg/d to 13.73 mg/d. The females (5 - 8 yrs) 
had the lowest intake while the highest intake was by the 
9 - 13-year-old males. Also, the 9 - 13-year-old males 
had the highest zinc mean intake (9.15 mg/d) during the 
dry season. 

Results as indicated on Table 2 below revealed that 
the mean intakes for iron ranged from 8.38 mg/d to 13.73 
mg/d. The females (5 - 8 yrs) had the lowest intake while 
the highest intake was by the 9 - 13-year-old males. Also, 
the 9 - 13-year-old males had the highest zinc mean in-
take (9.15 mg/d) during the dry season. 

3.3. Seasonal Micronutrient Status of Subjects 

During the dry season, among the 5 - 8 years old subjects, 
39.2%, 62.4% and 100% met the DRI for Iron, zinc, and 
copper respectively as compared to 40.2%, 64.25% and 
100% who met DRI at the rainy season. Among the 9 - 
13-year-old subjects, 55.1%, 55.9% and 91.7% met the 
DRI for iron, zinc and copper respectively as at the dry 
season whereas, 57.3%, 65% and 98.3% met DRI during 
the rainy season. During the dry season, only 39.3% of 
the males aged between 5 - 8 years met the DRI (10 mg/d) 
for iron, while 99.0% of them met at least 30% of the 
DRI. 39.2% of the same subjects met the DRI during the 

rainy season. Among the older males (9 - 13 years), 48.6% 
met the DRI (8 mg/d) during the dry, while more than 
half of them (52.9%) met the DRI during the rainy sea-
son. Across both seasons, not even all of them met 50% 
(4.0 mg/d) of the DRI for Iron. 

The DRI for zinc for the 5 - 8-year-old (5 mg/d) was 
only met by 67.4% and 67.9% for both the dry and rainy 
season respectively, while 96.4% met 50% (2.5 mg/d) of 
it at the dry season. 53.3% of the 9 - 13-year-old met the 
DRI for zinc (8 mg/d) during dry season while 67.1% 
met it at rainy season. All of the 5 - 8-year-old males met 
the DRI for Copper (0.4 mg/d) during both seasons. 
83.3% and 96.7% of the older males (9 - 13 years) met 
the DRI (0.7 mg/d) during the dry and rainy season re-
spectively.  

About 39% and 41% of the 5 - 8-year-old females met 
the DRI for Iron (10 mg/d) during both seasons respec-
tively. Among the older females, (9 - 13 years), 61.7% 
met the DRI for Iron (8 mg/d) for both seasons. 

About 58% of the 5 - 8-year-old females met the DRI 
for zinc (5 mg/d) during the dry season while 60.6% met 
it during the rainy season. Among the 9 - 13-year-old 
females, more (62.5%) of them met the DRI for Zinc (8 
mg/d) during the rainy than the dry season (58.5%). 

3.4. Seasonal Variation in Micro Nutrient Intake 
of Subjects 

The t-test results indicate that there was no significant 
difference in the micronutrient (Iron, Zinc, and copper) 
intake of 5 - 8-year-old males across the two seasons 
where as, there were significant differences in the Zinc 
(0.047) and Copper (0.020) intake of 9 - 13-year-old 
males. Their Zinc intake was significantly higher during 
the rainy than the dry season while their Copper intake 
was significantly higher during the dry than the rainy 
season. There was however, no significant difference in  

 
Table 1. Micro nutrient & phytate composition of major foods and drink consumed by subjects. 

DISHES/DRINK IRON (mg/100 g) ZINC (mg/100 g) COPPER (mg/100 g) PHYTATE (mg/100 g)

5.68 ± 1.18 2.80 ± 0.51 0.81 ± 0.34 8.87 ± 2.0 
White Rice 
Yellow Eba 4.88 ± 0.70 2.47 ± 0.55 0.39 ± 0.06 5.21 ± 1.06 

Palm Oil Stew 5.20 ± 0.82 2.49 ± 0.46 0.40 ± 0.08 0.79 ± 0.08 

Stewed Beans 3.76 ± 0.52 1.70 ± 0.54 0.30 ± 0.01 2.17 ± 1.01 

Agege Bread 4.57 ± 1.01 2.05 ± 0.42 0.37 ± 0.02 6.75 ± 1.23 

Amala Isu 4.04 ± 0.52 1.96 ± 0.57 0.34 ± 0.05 1.42 ± 0.87 

Instant Noodles 5.52 ± 1.01 3.01 ± 0.38 0.85 ± 0.04 3.58 ± 1.05 

Pipe Borne Water 1.13 ± 0.31 2.96 ± 1.17 0.82 ± 0.03 ND 

ND: Not detected [all values are expressed in mg/100g dry weight]. 
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Table 2. Seasonal micronutrient intake of subjects and percentages of dietary reference intake (DRI) met. 

Micronutrient Season Age (years) Mean intakes (mg/d ± SD) Median % DRI 

5 - 8 10.66 ± 12.44 3.99 106.8 
Dry 

9 - 13 11.05 ± 12.72 7.27 138.2 

5 - 8 9.7 ± 10.09 6.44 97.0 
Iron 

Rainy 
9 - 13 10.42 ± 9.96 6.87 130.3 

5 - 8 7.30 ± 7.39 4.86 141.0 
Dry 

9 - 13 8.44 ± 7.79 6.34 105.4 

5 - 8 9.56 ± 8.48 9.23 191.2 
Zinc 

Rainy 
9 - 13 8.96 ± 6.98 8.75 112.0 

5 - 8 1.56 ± 1.30 1.10 390.2 
Dry 

9 - 13 3.75 ± 15.17 1.36 536.4 

5 - 8 1.74 ± 1.37 1.47 435.0 
Copper 

Rainy 
9 - 13 1.89 ± 1.26 1.64 270.2 

Source: Food and Nutrition Board (FNB) 2001 

DRI FOR 5 - 8 yrs = 10 mg   

  
IRON 

9 - 13 yrs = 08 mg   

  5 - 8 yrs = 05 mg   

  
ZINC 

9 - 13 yrs = 08 mg   

  5 - 8 yrs = 0.4 mg   

  
COPPER 

9 - 13 yrs = 0.7 mg   

 
their Iron (0.548) intake during both seasons. 

While there was no significant difference in the mi-
cronutrient (iron, Zinc and Copper) intake for both seasons 
among the 9 - 13-year-old females, there were significant 
differences in the Zinc (0.055) and Copper (0.016) intake 
of younger females (5 - 8-year-old). They had signifi-
cantly higher intakes during the rainy season, but there 
was no significant difference in their Iron intake for both 
seasons.  

3.5. Haematological Indices and Status of  
Subjects 

In an attempt to confirm the results of the micronutrient 
intake of the subjects, hematological and biochemical 
indices were measured using the blood samples of 85 of 
the subjects. The result revealed that the mean Hemoglo-
bin (Hb) level of subjects was 11.19 µg/dl with a mean 
level of serum iron as 69.84 µg/dl, serum zinc (84.58 
µg/l), serum copper (115.16 µg/l) and serum ferritin lev-
els at 17.0 µg/l. 19.8%, 21.0% and 32.1% of the subjects 
had inadequate serum iron, copper and zinc respectively. 
Disaggregating the data into the different age and sex 

groups revealed that the older males (9 - 13 yrs) had the 
highest (11.52 µg/l) Hb mean level, while the lowest 
level (10.70 µg/l) was among the 5 - 8-year-old males, 
the older females (9 - 13 yrs) had the highest (76.97 µg/l) 
serum Iron levels whereas, the 9 - 13-year-old males had 
the least (61.73 µg/l).  

The highest (93.15 µg/l) mean serum Zinc levels was 
among the 5 - 8-year-old males while the lowest (71.22 
µg/l) was among the 5 - 8-year-old females. The older 
females had the least (108.76 µg/l) mean serum copper 
levels while the 9 - 13 years old males had the highest 
(130.72 µg/l). The highest (27.06 µg/l) concentration of 
serum ferritin was by the 9 - 13-year-old males while the 
least (12.28 µg/l) was by the older females (9 - 13 years). 
The highest number of subjects (30.8%) with low serum 
iron levels was among the older males (9 - 13 years) 
whereas; the lowest was among the younger males (5 - 8 
years). Females aged between 5 - 8 years had the highest 
number (48.0%) of those who had inadequate serum Zinc 
levels, while the 5 - 8-year-old males had the least. Sub-
jects with the highest percentage (25.9%) of low serum 
Copper were the 5 - 8-year-old males and the (9 - 13 
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years) old males had the least. 
Results of the blood samples also indicated that 38.8% 

of the subjects were anemic, (11.8% had moderate ane-
mia while 27.1% were mildly anemic,). 34.6% were iron 
deficient with 44.4% having depleted iron stores (serum 
ferritin <20 µg/l). 13.04% had iron deficiency anemia. 
The females aged between 5 - 8 years had the highest 
(55.0%) while males (9 - 13 years) had the least (21.7%) 
incidence of anemia. The highest (42.9%) prevalence of 
iron deficiency was among the older subjects (9 - 13 
years) of males and females while the lowest (29.2%) 
was among the 5 - 8-year-old females. Female subjects 
aged between 5 - 8 years had the highest (35.0%) inci-
dence of Iron deficiency Anemia, while the least inci-
dence (13.3%) was among the older females (9 - 
13-year-old). 

4. Discussion 

For both seasons, the mean iron intake of subjects ranged 
from 9.70 mg/day (5 - 8-year-old) to 11.05 mg/day (9 - 
13-year-old). These values, (see Table 2) are lower than 
those obtained among the US population (NHANES, 
1999-2000), as reported [24]. Subjects below 6 years had 
a mean iron intake of 12.9 mg/day while those between 6 
- 11 years had a mean intake of 14.4 mg/day. While some 
of the subjects ate home-cooked iron-rich foods, some of 
them, (particularly those from the public schools) bought 
food from vendors for as many as three times in a day. 
Some of them ate as little as N10.00 (about 15 cents) 
worth of rice and beans (mean weight of 68 g) for a meal 
and sometimes, the meals were eaten without meat or 
fish or with very little quantities of them. It was only 
among the older females (9 - 13 years) that more than 
half (61.7%) met the DRI for iron during both seasons. 
52.9% of the 9 - 13-year-old males met the DRI during 
the rainy season, only 48.6% met it during the dry sea-
son.. The reason for this is not far-fetched, because while 
some of the subjects consumed good quantities of iron- 
rich foods, others consumed small quantities. There 
could also have been some measures of underreporting 
and exaggeration by some of the subjects. 

Only 39.2% and 55.1% of the 5 - 8 year and 9 - 
13-year-old subjects respectively met DRI for iron. This 
could be reflected in their iron status in general where 
38.1% of the subjects had anemia and 34.6% had iron 
deficiency. 

Mean iron intakes tended to increase with age among 
the male subjects while it tended to decrease with age 
among the female subjects. It could be suggested that the 
iron intake of the male subjects is reflected in the result 
of their iron status, where the 5 - 8-year-old males had 
higher incidence of anemia (50%) and iron deficiency 
anemia (30.4%) than the 9 - 13-year-old. The same could 

not be suggested for the younger females (5 - 8 years) 
who had higher incidence of anemia (55.0%) and iron 
deficiency anemia (35.0%) than the 9 - 13-year-old even 
though iron deficiency was more prevalent (42.9%) 
among the older females (9 - 13 years).This suggests that 
their low dietary iron intake pre-disposed them to low 
iron stores (serum ferritin < 10 µg/l). This has serious 
implications for these older females because of onset of 
menarché. During adolescence, iron requirements are 
increased and hence the risk for iron deficiency increases 
because of rapid growth. Among girls and women, men-
struation increases the risk for iron deficiency. Therefore, 
entering menarché already iron-deficient, further in-
creases the risk for iron deficiency anemia. A pregnant 
girl with iron-deficiency anemia is prone to having preg-
nancy complications and its attendant problems. The 
result of the iron status in general, has implications for all 
the subjects. There is a marked increase in hemoglobin 
mass and concentration, further increasing iron require-
ments in males during puberty, while females usually 
have their growth spurts before menarché (even though 
growth is not finished at that time) [25]. Iron status of 
adolescents could be as a consequence of their iron status 
before attaining puberty [26].  

Mean serum iron levels of the subjects could not be 
said to be a reflection of their intake when it is consid-
ered that only 19.8% of the subjects had inadequate se-
rum iron levels despite low dietary iron intake. Mean 
serum levels was higher among the younger males (5 - 8 
years) with the percentage of those with low serum levels, 
higher (30.8%) among the 9 - 13 years old males despite 
that their intake was higher than that of the younger 
males. Prevalence of inadequate serum iron was lower 
(18.8%) among the older females (9 - 13 years) not with-
standing their low dietary iron intake as compared to 
higher percentage of inadequate serum iron among the 
younger ones even with their higher dietary iron intake. 
It is possible that the intake of iron-containing foods by 
the subjects on the day the blood samples were collected 
was significantly higher than that of the day the 24-hour 
recall interview was conducted. Serum iron has been 
found to vary as much as 100% during a 24-hour interval 
in healthy subjects [27]. 6% of the subjects were reported 
to be taking iron supplements which they referred to as 
“blood tonic”, which could have also influenced their 
serum iron levels.  

The results of the hemoglobin and serum ferritin levels 
of the subjects indicate that the prevalence of anemia (Hb 
level below 11g/dl) was moderate (38.1%). According to 
WHO classification, 11.8% of the subjects had moderate 
anemia (Hb between 7.09 - 9.9 g/dl) while, 27.06% of 
them had mild anemia (Hb levels between 10.0 and 10.09 
g/dl).There was no case of severe anemia (Hb below 7.0 
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g/dl). The prevalence of iron deficiency anemia was mild 
(13.04%), while the prevalence of iron deficiency (serum 
ferritin below 10 µg/l) was moderate (34.6%) with 23.5% 
of the subjects having severe iron deficiency (Serum fer-
ritin concentration less than 7 µg/l). This value is higher 
than that obtained in an earlier study [11] where 19.4% 
of children under 5 years were iron deficient (serum fer-
ritin less than 10 ng/ml). The consequences of iron defi-
ciency on growth, cognition, anemia and immunity are 
quite great and calls for public health attention.  

Zinc intake increased with age among all the subjects. 
While the mean zinc intake (8.4 mg/d) of the younger 
subjects compared well with the mean zinc intake (8.1 
mg/d) of the NHANES study, that of the older subjects 
was lower. The mean zinc intake of 6 - 11-year-old in the 
NHANES study was 10.6 mg/d while that of this study 
was 8.70 mg/d. Even though more than 50% of the sub-
jects met 100% DRI for zinc across season, it is only 
among the 5 - 8-year-old females that all the subjects met 
50% of DRI for both seasons. 

In this study, 21% of the subjects were zinc deficient 
(serum zinc below 70 µg/dl). This compares well with 
the aforementioned study [11] where 20% of the subjects 
under 5 years were zinc deficient (serum zinc below 70 
µg/dl). The mean serum zinc levels did not necessarily 
reflect mean intake in males even though the older males 
had higher intake. This is probably due to the fact that 
zinc concentrations do not sufficiently reflect individual 
zinc status [28]. However; more (38.5%) older males had 
inadequate serum zinc than their younger counterparts 
(14.8%). The mean zinc levels of the females could not 
possibly reflect their intake also because more (48.6%) of 
the younger females than the older females (31.3%) had 
inadequate serum zinc levels. Among the older females, 
not all the subjects met 30% DRI during the dry season. 
Perhaps the serum zinc values do not reflect their recent 
intake since changes in plasma/serum zinc do not seem to 
occur until the capacity to re-establish homoeostasis (by 
reducing excretion and or growth) has been exceeded. 
Hence zinc concentrations do not sufficiently reflect in-
dividual zinc status [29]. It is also possible that what the 
children refer to as “blood tonic” could also contain zinc 
supplements. The result of the zinc status has implica-
tions for growth retardation and delayed sexual matura-
tion in children. The same factors limiting iron nutrition 
have similar effects on zinc nutrition. Children have high 
requirements for zinc and factors inhibiting iron absorp-
tion (e.g. high phytate in the diets) often have even more 
pronounced effect on zinc absorption [3]. Similar to iron, 
the best dietary source of zinc is meat and the meat in-
take by the children in this study, was low. The preva-
lence of zinc deficiency as observed [30] appears to be 
similar to that of iron deficiency. The mean copper intake 

of the subjects tended to increase with age among males 
but not so among female subjects. All subjects, apart 
from the older males (9 - 13 years) met 100% of the DRI 
across seasons. All the older males however met 75% of 
the DRI across season. That all the females met DRI for 
specific age group during the two seasons could mean 
that they ate more of the copper containing foods. They 
would have taken more instant noodles which contained 
high amounts of copper. Despite that, the 9 - 13-year-old 
males did not meet 100% DRI for copper across both 
seasons; they had the lowest prevalence (7.7%) of in-
adequate serum copper, while the 5 – 8-year-old males 
with 115.26 g/dl mean level had the highest prevalence 
(25.9%). The major source of water for the subjects in 
this study was pipe-borne water, which contained 0.82 
mg/g of copper. This would have contributed to their 
having met more than 200% of the DRI for copper dur-
ing both seasons. According to an earlier study [31], 
Copper pipes may contribute substantially to the intake 
of copper and depending on the copper content of the 
local soil; 13% - 50% of copper in meals may be sup-
plied by water. Despite that, all but the 9 - 13-year-old 
males met 100% of DRI for copper across season, the 
result of the serum copper levels also revealed that 32.1% 
of the subjects were copper deficient (serum copper be-
low 85 mg/dl). 25.4% of the 5 - 8-year-old males and 
24.0% of the 5 - 8-year-old females were also copper 
deficient. The poor copper status could be due to poor 
absorption; this could have implications for public health 
when it is considered that copper is a relatively uninves-
tigated micronutrient in Nigeria. It has been reported [29] 
that there are limited data supporting a high prevalence 
of copper deficiency in developed countries. Copper de-
ficiency could lead to anemia because copper is an es-
sential component of feroxidase 1. Copper deficiency 
causes a dramatic decrease in feroxidase activity which 
in turn prevents the mobilization of iron from stores (by 
being oxidized from +2 to +3) and its incorporation into 
hemoglobin. Serum plasma or copper concentration is 
the most commonly measured indicator of copper status 
and except in cases of severe copper deficiency, it is the 
least reliable [32].  

5. Conclusions and Implications 

 Dietary intakes did not provide right amounts of micro-
nutrients to meet body requirement.  

 Prevalence of inadequate serum iron, zinc and copper 
was moderate. There was also moderate prevalence of 
anemia and iron deficiency. 

 Nutrition education should therefore be included in the 
curriculum of primary school children. 

 There is the need to formulate and implement nutrition 
education programs to correct micronutrient deficiency 
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among primary school-attending children in Lagos. 
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