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ABSTRACT

In this study, calcium intake by Jordanians from diet and different sources of water was evaluated.
For this purpose, a questionnaire was prepared and distributed to 300 persons in three major cities
namely: Amman, Irbid, and Zarqa. The questionnaire included the type of diet which people eat
daily and the type of water they drink. The amount of calcium intake was calculated by knowing
the calcium content of the diet, the type of water and calcium bioavailability. The concentration of
calcium in sold-RO water, home-RO water, bottled water and rain water was determined using an
atomic absorption spectrophotometer. The calcium content in tap water was obtained from the
Jordanian water authority determined by ion chromatography. It was found that 63% of the
Jordanian people who live in Amman, 43% living in Irbid and 30% living in Zarqa depend on
reverse osmosis (RO) water for drinking and cooking due to high salinity of tap water. Results
showed that such water contains not more than 6 mg/L calcium which is much less than the world
standards of 20 mg/L [1]. Calculations showed that calcium intake by most Jordanians, specially,
in Amman and Irbid where RO water is mostly used is less than the recommended amount. If such
reduction in calcium intake is not balanced in the diet serious health problems such as Osteoporo-

sis may result especially in elderly people and women.
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1. Introduction

Consumption of distilled or low mineral content
water (TDS < 50 mg/L) was demonstrated to have
negative effect on taste characteristics to which the con-
sumer may adapt with time. This water was also
reported to be less thirst quenching. Although these are
not considered to be health effects, they should be
taken into account when considering the suitability of
low mineral content water for human consumption [1].

*Corresponding author

Calcium is one of the important minerals in
drinking water. It represents a substantial component
of bones and teeth and has an important role in bone
metabolism. In addition, it plays a role in neuromuscu-
lar excitability (i.e., decreases it), the proper function of
the conducting myocardial system, heart and muscle
contractility, intracellular information transmission
and the coagulability of blood [1]. Although excess cal-
cium is regulated by hormones, human body cannot
cope up with lack of calcium intake for extended per-
iod of time [7]. Calcium deficit in diet has been asso-
ciated with unhealthy bone growth which may lead
to serious diseases such as Osteoporosis [8,9] and risk
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Table 1
Recommended Daily Allowance (RDA) of calcium based on
age.”

Case Age range (Yr) Recommended
Calcium intake
(mg/day)
Children 0-3 500
4-8 800
9-18 1300
Adults 19-50 1000
>50 1200
Pregnant or lactating <19 1300
19-50 1000

*Recommended Intakes for Individuals, Vitamins Food and
Nutrition Board, Institute of Medicine, National Academies.
http:/ /www.iom.edu/Object.File/Master/21/372/0.pdf

of hypertension [12]. Excess calcium intake, however,
was not proved to be directly related to incidence of
kidney stones. Kidney stones formation was rather
dependent on whether calcium is consumed with food
or separately. Calcium that reaches the lower small
intestine actually protects against kidney stones by
binding oxalic acid (a precursor to common kidney
stones) in foods and reduces its absorption. Calcium
ingested from water together with food would have the
same effect. Increased risk of kidney stones was rather
associated with calcium supplements, possibly because
the calcium was not ingested with food or the supple-
ments were taken by those who exceeded the upper
level of 2500 mg/day [2]. Current RDAs (recom-
mended daily allowance) of calcium based on age are
shown in Table 1 [3]. These RDAs have been called into
question, with newer guidelines advocating higher
daily intakes [11]. Dairy products have been used as
a good source of calcium. Some economic and
behavioral considerations, however, may limit their
consumption [8,9]. These factors led to the use of
calcium-rich mineral water, which is a popular beverage
that offers a good alternative to calcium intake [11].
Although drinking water is not considered a significant
source of calcium, WHO report [1] suggested a mini-
mum and optimum calcium content of 20 mg/L, and
50 mg/L, respectively, in drinking water.

Water treatments such as RO may significantly
reduce the content of calcium and other important
minerals in water. A study was conducted in Czech
and Slovak populations during 2000-2002 showed that
using reverse osmosis-based systems for final treat-
ment of drinking water at home for few months
resulted in complaints of acute magnesium (and
possibly calcium) deficiency. The complaints included
cardiovascular disorders, tiredness, weakness or

muscular cramps [4]. Similar symptoms were listed
in the warning of the German Society for Nutrition [5].

Several studies were conducted on the use of
calcium-rich mineral water as a good alternative for
calcium intake instead of dairy products and pharma-
ceutical preparations. A study conducted by Bohmer
et al. [11], showed that calcium bioavailability (i.e. the
proportion of absorbed calcium and dietary calcium
intake) from mineral water was close and sometimes
greater than that from dairy products and pharmaceu-
tical preparations. This ratio ranged between 23.8%
and 47.5% depending on several factors such as cal-
cium load (i.e. amount of calcium intake), type of
water, and if taken alone or with a meal. Similar studies
showed that calcium bioavailability from mineral
water was at least comparable to dairy products and
a useful source of calcium for lactose-intolerant adults
[13], healthy women [14], and healthy young men [15].

The effect of calcium deficit on prevalence of
Osteoporosis in Jordanian women was reported by
some researchers. A large scale survey was conducted
by Shilbayeh [16] to study female Osteoporosis in
400 women. The study showed an overall rate of
Osteoporosis of 30% among all the Jordanian women
irrespective of menopausal status, and its prevalence
of 43.3% among postmenopausal women. Other stu-
dies indicated, also, similar ranges between 13% and
28% [17,18]. These figures were notably high compared
to the published international studies which varied
between 3.5% and 16% [19].

Jordanians rely on five different sources of water for
drinking namely: tap water which is the water sup-
plied by the Jordanian water authority, sold reverse
osmosis (RO) water which is the type of water treated
by RO membranes and distributed to people by special
shops. A regular check up is performed by the ministry
of health on these shops to ensure its quality regard-
ing quality and safety. Home RO water is obtained
upon installing small scale RO water treatment units
at homes. This type of produced water undergoes no
checkup regarding its quality and safety; it is rather
left to the technicians skills for installations and cali-
bration of the RO equipment. Usually these techni-
cians are not qualified and often think that as TDS
gets lower the unit is better and they do their best to
convince consumers about it. Rain water, is collected
on the roofs of the buildings and people store in wells
to use it later as a source of drinking water. This type
of water is typically obtained in rural areas. The last
type is bottled water which people buy from super-
markets and such water is obtained from special
underground wells or springs.

The objective of this work was to develop, distribute
and determine the impact of diet and drinking water
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sources on calcium intake by Jordanians living in the
largest three Jordanian cities: Amman, Irbid and
Zarqa. Due to the fact that water supplies treated with
reverse osmosis (RO) and other similar technologies
contain low calcium due to the high rejection of diva-
lent cations. It is understood that unless the RO
permeate is re-mineralized then the desalted supplies
will contain very low calcium. Concerns over the
deficiency of calcium in the Jordanian community
motivated the development of the questionnaire
which serves as a vehicle to obtain more information
regarding this issue.

2. Methodology

The approach to estimate calcium intake by Jorda-
nian was done by preparing a questionnaire that covers
the kinds and quantities of food and liquids Jordanians
consume in their diet (see Fig. 1). The kinds of food
were divided into vegetables, fruits, dairy products
and meats. Another section of the questionnaire
focuses on drinks (beverages and water). The water
they consumed was further classified into tap water,
RO water, bottled water and collected rain water. The
questionnaire also contained questions regarding age
and sex, since calcium requirement changes according
to these factors. It also contains questions regarding the
total income, which was used to study the effect of
income on calcium intake. The questionnaire was dis-
tributed in the largest three cities in Jordan: Amman,
Irbid and Zarqa. These cities were chosen because of
the followings: Amman is the capital, it has the highest
income per capita, it is a big metropolitan and most of
its inhabitants do office-like jobs. Irbid, on the other
hand, is a big rural area where some of its inhabitants
are farmers who grow their own cattle and can collect
rain water as well. Zarqa is a big city, characterized by
a desert-like weather, and most of its inhabitants are
workers. Among these three cities Amman’s inhabi-
tants are the most educated followed by Zarka and
then Irbid [20].

To estimate the calcium intake accurately, the
questionnaire was held by Senior Chemical Engineer-
ing students as part of their graduation project who
explained the questions well before filling the
answers. It should be noted that 300 questionnaires
were analyzed.

Calcium content in various fruits, vegetables, dairy
product and various meat sources were obtained from
USDA NNDSR, R20. The calcium content in the var-
ious types, except tap water, was found by analyzing
those samples using the atomic absorption spectro-
scopy. For tap water, however, the calcium content was
directly obtained from the Jordanian Water Authority.

Measured calcium content in various types of water is
summarized in Table 2.

The amount of calcium intake by a given individual
was estimated by knowing the quantity and type of
fruits, vegetables, dairy products, meats, bread and
water they eat then multiplying by the bioavailability
of that food. Bioavailability of the various foods and
drinks are found in Table 4 [10]. For example assume
that a given person (22 years old) eats and drinks the
food shown in Table 5. Then total calcium intake is
found by knowing the type of food (shown in column
1), its quantity (shown in column 2) and bioavailability
of that food (obtained from Table 4). Calcium intake by
questioned individuals was compared to the recom-
mended RDA values (see Table 1). Although inquiries
regarding calcium supplements were included in the
questionnaire, specific questions regarding vitamin use
were not included.

3. Results and discussion

Calcium intake based on age and sex compared to
the recommended daily values is shown in Fig. 2. It can
be seen that only children whose age ranges between 0
and 3 years have a calcium intake above the recom-
mended values. The calcium intake for other age cate-
gories was below the recommended values. This can be
a problem if the shortage in calcium intake is not sup-
plemented by a special diet. The problem of short cal-
cium intake was found to be serious for those in the
age of 9-18 years and for those whose age is greater
than 50 years. The survey showed that the average
intake of these classes is ~700 and 620 mg/1, respec-
tively, where the recommended values are 1300 and
1200 mg/1, respectively. This means that their calcium
intake is only 53% of the required amount. Hence peo-
ple of these ages are more likely to have negative con-
sequences such as Osteoporosis. The better situation
for children in the age 0-3 years old is most probably
due to the fact that their main diet is based on milk.
It was observed also that calcium deficit was worse
in female compared to male for all ages.

Calcium intake in the three cities studied is shown
in Fig. 3. It can be seen that in the three cities, except for
children of age 0-3 years, people are under recom-
mended calcium dose. People living in Zarqa city were
in a better situation than those in Amman or Irbid
regarding calcium intake. It is interesting to note that
people in Zarka depend mainly on tap water for drink-
ing and cooking which has higher calcium content (100
mg/L compared to other water sources which range
between 3.4 and 13.6 mg/L). This explains why they
were in better situation compared to the other two
cities. Contrary to expectation Irbid inhabitants suffer
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A. Basic information:

1. Gender: a. Female b. Male

2.Age:a.03 bh.48 c.9-18 d. 1950 f. above 50

3. Education: a. primary b. High school c. University  d. Postgraduate

4. Location of residence:

5. Family income: a. Less than 200 JD b. 200 - 500 JD ¢. More than 500 JD

6. Number of family members:

Nutritional information:

1. Source of drinking water: a. tap water b. Home RO water  c. rain water
d. sold RO water  f. bottled water

B. Amount of water that you drink daily (average):

a. Less than % Liter b. %1 Liter c. more than 1 Liter
3. Other liquids that you drink in addition to water:
Juices: (natural juices) a. Ya Liter b. ¥ Liter ¢. More than % Liter

Drinks: (other than natural) a. ¥ Liter  b. % Liter c. More than % Liter
Caffeine:(coffee, tea, etc) a. ¥aLiter b. % Liter c. More than % Liter
Soft drinks (cola): a. ¥4 Liter  b. % Liter ¢. More than % Liter

Soups: a. Y. Liter b. % Liter ¢. More than % Liter

C. Average Rate of food consumption on monthly basis:
1. meat and poultry:

a. less than 10 times (750 g)  b. 1020 times (2250 g)  ¢. more than 20 times (3750 g)
2. Fermented yoghurt:

a. less than 10 times (1000 g) b. 10-20 times (3000 g) c. more than 20 times (5000 Q)
3. Milk:

a. less than 10 times (1000 g)  b. 10-20 times (3000 g)  c. more than 20 times (5000 g)
4. Cheese:

a. less than 10 times (250 g) b. 1020 times (750 g)  c. more than 20 times (1250 g)
5. Eggs:

a. lessthan8eggs b.8-16 eggs c. more than 16 eggs
6. Sea foods:

a. Less than 2 times (250 g) b. 24 times (450 g) c. More than 4 times (750 g)
7. Fruits and vegetables:

Amount 500 g 750 g 1000 g

Bread

Rice

Tomatoes

Cucumbers

Potatoes

Green leaves

Legumes

Cauliflower

Citrus

Apples

Banana

Others

Dietary supplements:
1. | take calcium tablets:

a. Continuously b. sometimes c. if the doctor prescribe them d. not at all
The amount of calcium taken with tabs is mg
2. 1 use RO water for:

a. Drinking only b. for all liquid preparations c. for all kitchen uses

Fig. 1. The questionnaire distributed to candidates to estimate their calcium intake.
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Table 2

Measured values of calcium content in different types of drinking water in Jordan.

Type of drinking Water

Average calcium content (mg/L)

Amman Irbid Zarqa Average
Sold RO water 6.3 5 6.3 5.8
Home RO water 44 15 4.4 34
Tap water* 100 100 100 100
Rain water 15.1 9.7 7.9 11
Bottled water 13.6 13.6 13.6 13.6

*_tbl2# As provided by the Jordanian Water Authority.

from calcium intake shortage although they grow their
own cattle. It seems that they prefer to sell their dairy
product to improve their income to cover their other life
requirements. Pregnant women in Amman seem to
exceed the recommended calcium dosage. This might
be attributed to the high family income in Amman (see
Table 3) and to the fact that they are more educated com-
pared to women living in Irbid and Zarga.

The type and percent usage of various water
sources based on income is shown in Fig. 4. It can be
seen that people who have high income use more RO
and bottled water compared to those with low income
who use tap water more (see Table 3). Since tap water
contains more calcium ions than other sources of water
(sold RO, home RO, rain and bottled water), then they
would suffer less from lack of calcium compared to
those depend on RO water. Most of these people live
in Zarqa (see Table 6, Figs. 5-7). It can be seen that the
percent use of tap water by people who live in Amman,
Irbid and Zarqa is 25%, 37% and 65%, respectively.
It should be noted that the price of tap water is 0.05
JD/m?, RO sold water 37.5 JD/m® and bottled water
is 233 J]D/m? (note that 1 $ = 0.71 JD).

Table 3
Population, per capita income, tap water properties in
Amman, Irbid, Zarqa

Amman Irbid Al Zarqa’

Population (1000)* 2172 996 834
Per capita income(US $)* 1902 1364 1183
Analysis of tap water**

pH 7.56 7.52 7.45

EC (uS/cm) 499.5 702.0  2807.3

Cl (mg/L) 38.9 459 166.3

SO, (mg/L) 23.8 329 108.7

Na (mg/L) 27.3 40.0 93.1
*: [20].

**: Batarseh [6].

Although shops that sell RO water are spreading all
over the country, our survey showed that in average,
45% of Jordanian people still rely on tap water as a
source of water to drink and cook (25% in Amman,
37% in Irbid and 61% Zarqa). It is expected that this
fraction will drop as time proceeds due to the increase
use of RO water compared to tap water. This may

Table 4
Calcium content in various food and drinks and its bioavail-
ability factor.*

Diet type Calcium ion Bioavailability
content in diet factor
"mg/gm of diet"

Meat 0.2 0.15
Yogurt 1.2 0.3
Dry milk 1.1 0.3
Cheese 8 0.3
Egg 0.6 0.15
Fish 0.4 0.15
Bread 1.3 0.2
Rice 0.1 0.2
Tomato 0.1 0.15
Cucumber 0.2 0.15
Potato 0.3 0.15
Lettuce 0.3 0.1
Breakfast cereals 3.3 0.2
Cauliflower 0.2 0.5
Orange 0.4 0.2
Apple 0.6 0.15
Banana 0.1 0.15
natural juice .69 0.15
Tea 0.01 0.15
Soups 0.3 0.15
Water Based on water type 0.3

used for drinking
(sold RO, home RO,
tap water, rain water
or bottled water)

*: USDA NNDSR, R 20. http:/ /www.ars.usda.gov/Main/
docs.htm?docid=15869



186

Table 5

M. Al-Mahasneh et al. / Desalination and Water Treatment 21 (2010) 181-188

Calcium intake by a given candidate from various sources of

food and drinks.

Diet type Amount of Total calcium intake
diet (mg/day) =(g of diet

from column 2) x
(calcium content/g
of diet from Table 2)
x (bioavailability
from Table 2)

Meat and poultry 75 g/day 2.25

Fermented yoghurt 100 g/day 36

Milk 100 ml/day 120

Cheese 25 g/day 60

Eggs® Vs egg 3.6

Sea foods 15 g/day 0.9

Bread 143 g/day 37.8

Rice 107 g/day 2.86

Tomatoes 33 g/day 0.50

Cucumbers 33 g/day 0.99

Potatoes 107 g/day 4.82

Green leaves 33 g/day 0.99

Legumes 33 g/day 1.98

Cauliflower 17 g/day 1.70

Citrus 107 g/day 8.56

Apples 33 g/day 297

Banana 33 g/day 0.50

Water® 0.5 L./day 0.51

Juices 0 0

Drinks 0.25 L/day 0.43

Coffee 0.25 L/day 0.26

Soups 0.25 L/day 6

Total 293.62 mg/day’

! Calcium intake = (75 g) x (0.2 mg/g) x 0.15 = 2.25 mg

calcium

2 The average weight of an egg is 84 g.

3 Home RO water

# Recommended value

03 48

9-18
Years

19-50 >50

O Female

Pregnant

B Male

Fig. 2. Calcium intake based on age and sex compared to the

recommended values.

9-18 >50 Pregnant

&2 Recommended value @ Amman O Irbid & Zarga

Fig. 3. Calcium intake based on age and sex compared to the
recommended values in the three cities studied.
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Fig. 4. Percent water usage based on the income.

Table 6
Percent use of the different sources of water by Jordanians
live in Amman, Irbid and Zarqa.

Type of drinking Water Percent of water source

Amman Irbid Zarqa
Sold RO water 18 16 10
Home RO water 45 27 20
Tap water 25 37 61
Rain water 2 17 4
Bottle water 10 3 5

jeopardize the health of more Jordanians living in these
cities.
4. Conclusions

Based on the study the following points can be
stated:
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Fig. 5. Percent use of the different sources of water by
Jordanians live in Amman.

1. Many factors such as type of water, type of food,
family income play a key factor in determining the
calcium intake for Jordanians.

2. The above study showed that calcium intake for
most Jordanians was below the internationally
recommended amount except for those whose age
is 0-3 years. The problem was obvious for those who
rely on RO water since it contains very low calcium
content. People who rely on tap water were in better
situation in terms of calcium intake since tap water
contains higher calcium content compared to other
types of drinking water.

3. Jordanians who use tap water (mainly live in Zarqa)
had a better calcium intake compared to those who
live in Amman and Irbid. Twenty five percent of the
Jordanians living in Amman, 37% living in Irbid and
61% living in Zarqa use tap water.

OROsold OROhome ©=Tap = Rain £ Bottle

Fig. 6. Percent use of the different sources of water by
Jordanians live in Irbid.

[0 20%

71 61%

0O RO sold £ Bottle

0O RO home

@ Tap ERain

Fig. 7. Percent use of the different sources of water by
Jordanians live in Zarqa.

4. The study covered more than 70% of the Jordanians
who live in the largest three cities, namely Amman,
Irbid, and Zarqa. It was concluded that a large pro-
portion of the population will suffer from some sort
of calcium shortage and precautions need to be
taken into account to make up such shortage in cal-
cium ion by drinking more calcium-rich foods such
as dairy products.

5. The above study still needs further investigation.
To make a solid conclusion in this regard, larger
number of people needs to be questioned and care-
ful monitoring of their daily food and drink intake
is required.

References

[1] WHO (2005). Nutrients in Drinking-water. Water, Sanitation
and Health Protection and the Human Environment, Geneva.

[2] J. Cotruvo and ]. Bartram, eds. Calcium and Magnesium in
Drinking-water: Public health significance, Geneva, World
Health Organization, 2009.

[3] Institute of Medicine. Dietary Reference Intakes for
Calcium, Phosphorus, Magnesium, Vitamin D and Fluoride.
Standing Committee on the Scientific Evaluation of Dietary
Reference Intakes, Institute of Medicine. National Academy
Press, 1997.

[4] National Institute of Public Health. Internal data. Prague: 2003.

[5] Deutsche Gesellschaft fiir Erndhrung (DGE, 1993). Drink dis-
tilled water? (In German.) Med Mo Pharm1993; 16: 146.

[6] M. Batarseh, The quality of potablewater types in jordan.
Environ. Monit. Assess., 117 (2006) 235-244.

[7] R.P. Heaney, R.R. Recker and P.D. Saville, Calcium balance and
calcium requirements in middle-aged woman. Amr. J. Clin.
Nutr., 30 (1977) 2698.

[8] D.A. Hanley and R.G. Josse, Prevention and management of
osteoporosis: consensus statements from the Scientific Advisory
Board of the Osteoporosis Society of Canada, CMA]. 155(7)
(1996) 921-923.

[9] T.M. Murray, Calcium nutrition and Osteoporosis. Can. Med.
Assoc. J., 155 (1996) 935-9.



188 M. Al-Mahasneh et al. / Desalination and Water Treatment 21 (2010) 181-188

[10] USDA NNDSR, R20. National Nutrient Database for Standard
Reference, Release 20. Available at: http://www.ars.usda.
gov/Main/docs.htm?docid=15869.

[11] H. Bohmer, H. Muller, and K.-L. Resch. Calcium supplementation
with calcium-rich mineral waters: a systematic review and meta-
analysis of its bioavailability. Osteoporosis Int., 11 (2000) 938-943.

[12] J.A. Cutler and E. Brittain, Calcium and blood pressure: an epi-
demiologic perspective, Am. J. Hyperten., 3 (1990) 1375-146S.

[13] G.M. Halpern, J. van De Water, A.M. Delabroise, C.L. Keen, and
M.E. Greshwin, Comparative uptake of calcium from milk and a
calcium-rich mineral water in lactose intolerant adults: implica-
tions for treatment of osteoporosis, Am. J. Prev. Med., 7 (1991)
379-383.

[14] F. Couzy, P. Kastenmayer, M. Vigo, J. Clough, R. Munos-Box
and D.V. Barclay, Calcium bioavailability from calcium and sul-
fate — rich mineral water, compared with milk, in young adult
women, Am. J. Clin. Nutr. 62 (1995) 1239-44.

[15] J. Guillemant, H.T. Le, S. Guillement, A.M. Delabroise and M.].
Arnaud, Acute effects induced by a calcium rich mineral water
on calcium metabolism and on parathroyd function (letter),
Osteoporosis Int., 7 (1997) 85-86.

[16] S. Shilbayeh, Prevalence of osteoporosis and its reproductive
risk factors among Jordanian women: a cross-sectional study,
Osteoporos. Int., 14 (2003) 929-940.

[17] RJ. Al-Qutob, Salah M. Mawajdeh, Allam A. Khalil, Amy B.
Schmidt, Akram O. Hannak and Basel K. Masri, The magnitude
of osteoporosis in middle aged women, Saudi Med. J., 22 (2001)
1109-1117.

[18] R.AK. Al-Abbasi, Relationship between osteoporosis and cer-
tain risk factors of food habits, nutrient intake, and lifestyle in
a group of postmenopausal Jordanian women (MSc Disserta-
tion), University of Jordan, Amman, Jordan, 2000.

[19] E.S. Siris, P.D. Miller, E. Barrett-Connor, K.G. Faulkner, L.E.
Wehren, T.A. Abbott, M.L. Berger, A.C. Santora and L.M.
Sherwood, Identification and fracture outcomes of undiag-
nosed low bone mineral density in postmenopausal women:
results from the National Osteoporosis Risk Assessment,
JAMA, 286 (2001) 2815-2822. Comment in: JAMA 2001;
286:2865-2866.

[20] Jordan department of Statistics (DOS). Annual report (2007).
Available at: http://www.dos.gov.jo/sdb_pop/sdb_pop_a/
indec_a.pdf.



