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ABSTRACT :

Yemen such a developing arid country suffers a lot of water-related health
problems. The predominani health problems are still the communal diseases, which result
from identifiable features of the environment, such as lack of water, lack of a protecied
water supply, and inadequate waste disposal.

Motivation for this study grew out of concern over groundwater drought and
contamination in the Sana’a basin, Republic of Yemen, which have become recently some
of the most important problems that require an iniensive attention to be studied widely,
and properly understood. Our paper is intended to study the chemical qualitative
properties of Sana’a drinking water. Studies in this aspect received very litile attention.

The analvses of 31 water samples taken from different sources of Sana’a drinking
water supply indicate unacceptahble levels of various samples concerning the Fluoride,
Nitrate, Iron, and Sulphate. This causes serious problems by exceeding the maximim
tolerable concentration given by WHO and National guideline values. Meanwhile there
are numerous numbers of water samples of different origin, which possesses acceptable
levels of the given common parameters shown in tables, which decided the quality of our
drinking water in Sana’a. The variations in concentrations of the above four ions may be
attributed to the nature of the geological and chemical structure of the rocks and soil for
each region, the depth of the wells, as well as the contamination due to the west water
disposal.
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NTRODUCTION

Water is the most important element in the nature, required for all living
organisms to survive. Water is closely related to human health, man’s
activities and the environment. In arid countries, groundwater is the most
important source of drinking water and agriculture. Pollution can impair
the use of water and can create hazards to public health through high
mineralization, toxicity or spreading of disease in the human body Water
represents more than two thirds of the body weight.

The term, pure water. means ifferent hings o ifferent eople.
Households are primarily concerned with domestic water problems related
to colour, odour, taste, and safety to family health, as well as the cost of
any treatment required for improving the water quality. Chemists and
engineers working for industry are concerned with the purity as it relates
to scale deposition and pipe corrosion. Regulatory agencies are concerned
with setting standards to protect public health. Farmers are interested in
the effects of irrigation waters on chemical, physical, and osmotic
properties of soils, as they influence crop production. But, purity water
means for all humans the water which is free from any substance that may
affect human health or even cause unpleasant complaints to consumers.
Water exists in nature in many forms; however, strictly speaking, pure
water chemically does not exist for any appreciable length of time in
nature. Even while falling as rain, water picks up small amounts of gases,
ions, dust and particulate matter from the atmosphere. Then, as it flows
over through the surface and through layers of the earth, it dissolves and
carries with it some of almost every thing it touches, including that which
is dumped into it by man. These added substances include industrial and
commercial solvents, metal and acid salts, decaying animal and vegetable
matter, fertilizers, pesticides, herbicides, radioactive materials and living
pathogenic microorganisms. The impurities may give water a bad taste,
colour, odour, or cloudy appearance ‘turbidity’ and cause hardness,
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corrosiveness, staining, or frothing. They also may present a
dangerous problem to health and may some times cause death (1-3).

The source of drinking water in Sana’a is only groundwater that can be
contaminated through many routs. The main routs of ground water
contamination are:- Interference of groundwater with sewage system.
- Houses rubbish materials.
- Agricultural fertilizers & pesticides.
- Erosion of tanks & pipeline materials during water distribution.
- Industrial waste materials.
Water deficiency that increases the concentration of the
contaminants,

The study of water pollution is a very wide field, of which we are
interested only in the inorganic chemical substances found in our drinking
water, particularly the 12 ions that are common in our environment. These
are (a) Anions: Including, carbonates (COs?), bicarbonates (HCOs),
chloride (CI), sulfate SO+, nitrate (NO3),
and fluoride (F). And (b) Cations: Including, sodium (Na‘),
potassium (K*), magnesium (Mg*), calcium (Ca*®), iron (Fe*?, Fe*?),
and copper (Cu*, Cu™).

Some of these ions are very essential in our nutrition (4). So, their
presence in drinking water is preferable, but in levels below their
maximum tolerable concentration, which is the concentration above which,
the ion may cause harmful effect to the human body either within short
term drinking of water (acute toxicity) or, after long period of water
consumption (chronic toxicity). The problems associated with chemical
constituents of drinking water arise primarily from their ability to cause
adverse health effects after prolonged periods of exposure, of particular
concern are those cumulative toxic properties, such as heavy metals, and
carcinogenic substances. Cancers, cardiovascular problems,
gastrointestinal abnormalities, urinary tract disorders, central nervous
system disorders and many other health problems are induced mainly by
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water contamination with toxic chemicals (5,6). The maximum
tolerable concentration of certain pollutants is determined according to
WHO guideline value and in the literatures of the National water resources
authority.

MATERIALS AND METHODS

During our research We used the following materials and instruments:
HACH DR 2000 Spectrophotometer; pH Digital 520; Eijkel Kamp
digimeter L21 Conductometer; Sensitive Electric Balance; Flameno
Photometer MDC; Automatic Titrators; and different Metal indicators.
Most of the metal ions are analyzed and determined by using
metallochromic indicators, then measured spectrophotometrically, few
other were determined by using flame photometer while the remaining ions
were analyzed by titration methods, COs*, HCOs, Ca*, Mg*™, and CT,
where determined by titration methods (Digital titrator), while Iron, and
Copper ions were determined spectrophotometrically by using 1,10
phenanthroline, Bicinchoninate indicators respectively.

Fluoride ion was determined by using SPADNS reagent by
spectrophotometric method. Nitrate and sulphate ions as well were
determined spectrophotometricly by using Nitraver 5, Sulfave 4 indicators,
respectively.

All samples were collected carefully after the pump has run long enough to
deliver water representative of the groundwater feeding the well.
Polyethylene containers were used for storage purposes. The
determinations were done within 24 hours and kept at 4" C. Redistilled
water were used for all our preparations and determinations. Temperature
at the time of the determinations was 20 - 25°C
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CASE STUDY PRINCIPLES

There are hundreds of sources of Sana’a drinking water (Fig.1). These
sources are classified to many classes. In the selection of the samples that
are intended to be analysed in our study work, we try to cover
all those classes, 31 chosen samples are classified as follows:

1. Bottled water

This class of drinking water includes treated water that is bottled, and
marketed. The ten samples of this source are sub-divided into two types
according to the techniques of their treatment:
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Figura : Wellfields of Sana's Water Supply

a. Completely treated mineral bottled water

Groundwater Exploitation and its Relation to the Water Quality
Deterioration Conditions of Sana’a Drinking Water Supply



AYad — AN aaell

Water from this source is supposed to be treated by high-developed
techniques in special factories to insure a high degree of suitability to
human consumption according to the international standards . Samples
from the five types consumed in Sana’a are collected and categorized into:
1. Samples whose sources are located in Sana’a city:

Sample no.! Hadda mineral water, Sample no.2 Shamlan mineral water.
2 Samples whose sources are outside Sana’a basin:

Sample no. 3 Nakhlan mineral water, from Ibb governorate

Sample no. 4 Ma’arib mineral water, from Ma’arib governorate and
Sample no. 5 Alhayah mineral water, from Dhamar governorate.

b. Partially treated bottled water:

The water from these sources is bottled and marketed in indisposable
containers. They are commonly used in most Yemeni cities. Five samples
are collected from this type, numbered from 6-10. These samples are:
Sample no. 6 Alkods treated water: The station of treatment is located in
Ma’arib street, the source of water is shandak’s well which is located in
Sa’awan with depth of 350 m.

Sample no. 7 Alferdows treated water, Sample no. 8 Alkowther treated
water, Sample no. 9 Dhahban treated water, and Sample no. 10 Almoayad
treated water.

2. Private wells:

Samples collected from this source are five, given the numbers from 11
tol5. Many regions in Sana’a are dependent on private wells as a main
source for drinking water (45% of the population), because the
governmental network distribution hasn’t reached these regions yet or due
to the frequent cut.

The following table (I) gives some information about the five private wells
included in the analytical work:
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Table (I) Shows the areas of the analyzed private wells

Sample no. ’ 11 12 13 14 15
Well’s name | Senan Alfusail | Alfelahi | Shumailah | Mathbah
Location | 60 swreet | Aljeraf | Old city | Taizstreet | Mathbah

3. Governmental drinking water supply:

This is the most common source of drinking water in Sana’a city
(55% of the population). It is distributed under the supervision and control
of the National Water and Sanitation Authority (NWSA)-Sana’a branch.
Sixteen samples are collected from this source, with the numbers from 16-
31. We chose the samples randomly to incorporate the whole capital.
Those samples are of two types:

a. Samples collected directly from the wells:

These are six samples, which are given the numbers 16 to21. Some
information about these wells is illustrated in the following table (II):

Table (II) shows the areas of the analyzed governmental wells

] I o — —
Sample no: 16 17 18 | 19 20 21 ‘
I 5 —— -
Well namé Alkadisiah | Almontaza 22 May|Alssabeen Alraiseer Olq Saf]a A
| | — Garden | Garden University
Location Taiz street | Nokom North 60 45 street Riadh street .Olq Saf] 4
) ) street | University

b. Samples collected from the houses taps:
These samples have the numbers 22 to 31 and collected from different
regions of the city that involve all directions of Sana’a city.

*Results of individual samples analysis are presented in
Appendix A.
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RESULTS AND DISCUSSION

1. Mineral water samples:

Table III; Determination of various parameters for completely treated
bottled water.

Parameters WHO Yemen standard Results
PH _ | 65-85|  65-8 | 7.53-8.07
| EC uS/em - 400 - 800 182 - 432
' TDS mg/l 1000 ~ Max. 650 | 118-281 |
CHCO3 mg/l | 250 Max. 240 53.7 - 214.7 |
| TH(Ca Cos) mg/l_ | 500 ‘Max. 200 C12-162
Ca"mg/l  |24-46.6|  Max. 65 3.2-49.7
Mg mg/l - | Max. 20 0.97 - 19.43 |
Ctmg/l 250 | Max. 200 16.7 - 31.5
Na'mg/l 200 42-90 25.7-524
K 'mg/l | - 1.7 -4.5 10.30 -2.33
Fe*>mg/l 03 | Max.03 0.00 - 0.05 |
So+? mg/l 250 | Max.200 | 4-35
Nos' mg/l |23 . Max.7.8 | 3.25-16.72
(Cumgn 1| Max.05 | 0.00-0.32 |
Fmg/l | 05-1.5 0.6 -1 0.11-1.30 |

Fluoride ion: The results of analysis of Fluoride contents showed that its

concentration is lower than the minimum level

of the Yemen standard

concentration range in the: Nakhlan (0.11 mg/l), Ma’areb (0.15 mg/1), and
Alhayah (0.46 mg/l). This may enhance fluoride deficiency, especially in
children or old persons, and may lead to some dental health problems (7-

9).

In Hadda treated water, fluoride concentration exceeds the maximum

level, which may cause fluorosis. Fluoride concentration in Shamlan is just

Groundwater Exploitation and its Relation to the Water Quality
Deterioration Conditions of Sana’a Drinking Water Supply



. i R ———

PO i L a—

B e s

o) — ) )

_—

near the minimum level, which may causes caries. These results are
not suitable to what is considered to be as mineral water in Yemen.
According to WHO guideline values, fluoride concentration of Nakhlan,
Ma’arib, Alhayah, is lower than the required level, these sources require
fluoridation.

Nitrate ion: Nitrate ion concentration is an indication of bacterial growth
in water, where it increases due to nitrogen fertilizing. The typical nitrate
ions concentration is < 50 mg/l in drinking water, especially in
chlorinated supplies and mineral water (5,10).

What makes us feel concerned is when we find that the nitrate ion
concentration has exceeded the maximum level of mineral water standard,
which is supposed to be treated by modern or recent methods for the sake
of getting complete or high purity ( see table 1 in appendix A).

Nakhlan (13.64 mg/l), Ma’areb (16.72 mg/l), Alhayah (6.2 mg/l) and
Shamlan (4.84 mg/l). Hadda (3.52 mg/l) is the best of five samples in
nitrate ion concentration.

Total Hardness (TH): Total hardness results are in the range
(12 - 162 mg/l) as shown in table 1, by comparing these results with
WHO guideline value (500 mg/l), all samples are within the limits of
WHO. Sample no. 5 showed the highest total hardness “medium hard
water” (162 mg/l), while sample No. 3 show the lowest total hardness
“soft water” (12 mg/l). Sample no. 35 is hard because it has the largest
value of Ca** (49 mg/l) and large amount of Mg** (13.09 mg/l). Other
results are conforming with both WHO & Yemen standards (4,11).
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2. Partially treated water samples:

Table I'V: Determination of various parameters for partially treated
water samples.

| Parameters WHO Yemen standard Results
PH ) 65-85 | 65-85 | 7.82-855
EC pS/cm - | Max.1000 | 367-658
TDS mg/l | 1000 |  Max.1000 | 239-428
HCO3 mg/l 250 | Max. 350 73.2 - 243.8
TH(asCaCOs)mg/1 500 Max. 300 32 - 190
| Ca'* mg/l 2.4-46.6 Max. 85 | 9.6-449
MgPmgl | - Max. 30 1.93 - 18.94 |
Crmg/lt 250 | Max. 300 20- 130 |
Na' mg/l 200 - Max. 200 31.6 - 135.6
K'mg!l - | Max. 12 1.08 - 3.57
Fe®mgl | 03 Max. 0.7 0.00 - 0.04
So«" mg/l 250 ~ Max. 300 31-45
Nosy mg/l 23 Max. 45 3.74 - 31.24
Cu'*mg/l 1 | Max.0.7 0.005 — 0.065
Fmeg/l . 05-15 Max. 1 0.52-0.88 |

pH: The pH range is between (7.82 - 8.55) as seen in table IV. Sample no.
8 has the highest value (8.55). Sample no. 10 showed the lowest value
7.82, (see table 2 in appendix A). When we compare this range (7.82 -
8.55) with WHO range, which is (6.5 - 8.5) we found that most samples
are within the limits of WHO, only sample no. 8 which has pH 8.55, is
significantly higher value than WHO and this result is due to COs™ ion
concentration.

Nitrate: The highest value of NOs concentration is found in sample no. 7
where the concentration is 31.24 mg/l, and the lowest value is found in
sample no. 9 where the concentration is 3.79 mg/l. The concentration of
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NOs in other samples (6, 8, 9, &10) are within the range of WHO
values (5,10).

Fluoride: The higher F concentration is found in sample no. 6 where the
concentration is 0.88 mg/l, and the lower F concentration is found in
sample no. 7 where the concentration is 0.52 mg/l i.e. all samples are
located within the WHO range.

Total Hardness (TH): Results of total hardness are in the range
(32 - 190 mg/l), by comparing with WHO value (500 mg/1); all samples
are within the limits of WHO. Sample no. 9 showed the highest total
hardness “medium hard water” 190 mg/l, while sample no. 8 showed the
lowest total hardness “partial soft water” 32 mg/l. Sample no. 9 is hard
because it has the largest value of Ca** (44.9 mg/l) and Mg**(18.94
mg/l). This value is within the WHO limit. Other results are conforming
with both WHO & Yemen standards.
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3 Private well samples :

Table V: Determination of various parameters for private well

samples.

| Parameters WHO Yemen standard | Results
PH B 1 6.5 :_8.5 - 6.5- 9 | 7.35 -8 8. 31
__EC uSlem I 450_—25& _434 1234 |
TDS mg/l 1000 650 - 1500 242 -802 |
 HCO3™ mg/i 250 150 - 500 , | 139.1 - 268. 4
TH (CaCO0:s) m0/1 500 100 - 500 104 - 280 |
C_a_ © mg/l 200 | 75 - 200 32.1 - 89.8

. Mg'* mg/l -- 30 - 150 6.55 - 20.38
Cl mg/l 250 200 -600 | _48 6-186.8
Na' mg/l - 200 Max. 400 | 52.8-159.8
K mg/l - | - . 8-12 | 1.56- 5.36
Fe mg/l - 0.3 03-1 10.050 - 0.360

. 804_ mg/l 250 200 - 400 49 -223
Nos” mg/l | s0 | 10- 50 3.02 - 45.54 |
Cu“_mg/[ 1 1 05-1 0.02 - 0.54 |
Fmg/l |_05:1_5 N ()5—15 0.28 -1.31

Iron ion: The obtained results of analysis of Iron ion concentration as
shown in table V ranged between (0.05 - 0.36 mg/l); most of them fall
within the permissible level, except in sample 13 which showed higher

concentration than the permissible level set by WHO (12).

Nitrate ion: The obtained results of analysis for Nitrate concentration gave
a range between (3.02 - 45.54 mg/1) i.e. no risk for health. However,
sample no. 13 for prolonged consumption of NOs concentration above 50
mg/l may lead to health hazardous eftects, so this must be kept in mind to

prevent such amount in NOs concentration.
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Fluoride ion: The results of analysis of fluoride showed low fluoride

concentration ranging between (0.28-1.31mg/1). Fluoride concentration in
samples no. 11&15 is within the range, but Fluoride concentration in
samples no. 12 (0.34mg/1), 13 (0.47 mg/l), & 14 (0.28 mg/l) have values
lower than the required level, so this may cause probable risk specially in
children and olds.
Total hardness (TH): The obtained results are in the range
(104 - 280 mg/l), as shown in table 11, by comparing with WHO
guideline value 500 mg/l, all samples fall within the limits of WHO.
Sample no. 12 showed the highest total hardness (280 mg/l) “hard water”,
while sample 14 showed the lowest total hardness (104-mg/l) “low
hardness water”. Sample no. 12 is hard because it has a large value of
both Ca** (78.5 mg/1), and Mg** 20.38 mg/1.

4. Governmental well samples:

Table VI: Determination of various parameters for Governmental well

__samples ) . -

| Parameters WHO Yemen standard | Results

PH 6.5-8.5 65-9 7.56 - 8.81
EC pS/cm - 450 - 2500 | 395-1160
 TDS mg/1 1000 650-1500 |  275-754
'HCO3 mg/1 250 | 150 - 500 150.8 - 297.8
TH (CaCOs)mg/1 500 | 100 - 500 84 -233
Ca*’ mg/l 200 - 75-200 289-738
Mg* mg/1 - 30 - 150 0.73-11.83 |
| CI' mg/1 250 | 200 - 600 26.8 - 180.1
Na'mgd | 200 | Max.400 | 328-232
' K"mg/l R | 8-12 1.30 - 2.73
Fe" mg/l - 03 _ 03-1 | 001-1.05
S0+ mg/l 250 200 - 400 41-665
| Nos mg/l 50 10 - 50 176 -49.3 |
| Cu”mg/l 1 ~05-1 | 0.02-0.28
Fmg/l 0.5-1.5 05-15 | 025-1.21
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pH: The highest value is 8.81 for sample no. 18 and the lowest value is
7.56 for sample no. 17.(see table 4 in appendix A), which showed that
only sample no. 18 is out of the WHO range.

Bicarbonate ion: The highest value is 297.8 mg/1 for sample no. 20 and
the lowest value is 150.8 mg/l for sample no. 18, so only sample no. 20 is
out of the WHO range.

Sodium ion: The highest concentration of Na* was obtained in sample no.
20, where the concentration is 232.0 mg/l, and the lowest concentration in
sample no. 19 where concentration is 32.8 mg/l. From the comparison of
these results with WHO values, we found that only sample no. 20 showed
higher level than WHO concentration. This may cause healthy hazardous
especially to those sutfer from cardiovascular problems.

Nitrate ion: The highest value of NOs concentration was found in sample
no. 21 where the concentration is 49.30 mg/1, and the lowest is present In
sample no. 20, where the concentration is 1.76 mg/1, by comparison of
this value with WHO value we found that, sample no. 21 is just 0.7 mg/1,
below the permissible WHO level, this sample may be of high risk to those
when they consume this type of drinking water for prolong period of time,
chronic drinking water containing as much as 49.30 mg/l may increases
the carcinogenic effects, which leads to Cardiovascular problems among
the consumers.

Fluoride ion: The highest value of (F) concentration was found in sample
no. 17 (1.21 mg/l), while the lowest concentration is found in sample no.
19 (0.25 mg/l). By comparison of those values with WHO values we
found that samples 16, 18, & 20 are within the range, but samples 19 &
71 are below the range of WHO value (0.5 - 1.5 mg/1), which may causes
caries on prolonging consumption.
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Total Hardness (TH): Results of total hardness are in the range
(84 - 233 mg/l), as shown in table 1V, by comparing with WHO guideline
value 500 mg/l, all samples are within the limits of WHO. Sample number
17 showed the highest total hardness concentration (233 mg/l) “hard
water”, while sample no. 20 the lowest total hardness of 84 mg/1 “partial
soft water”. Sample 17 was hard because it has the largest value of both

Ca'? (73.8 mg/1), and Mg** (11.83 mg/l)..

Sulphate ion: The highest concentration was obtained in sample no. 21
(665 mg/l), and the lowest concentration is in sample no. 16 (41 mg/l),
sample no. 21 falls far above upper permissible WHO value 250 mg/l

(13,14).
5. Houses tap water samples:

Table VII: Determination of various parameters for houses tap water

samples.

Parameters ‘ WHO ] Yemen standard | Results
PH | 65-85] 65-9 | 7.60-8.21
EC pS/em _ - 450 -2500 | 423 748
TDS me/d | 1000 | 650 -1500 275 - 486
HCO3 mg! | 250 | 150 - 500 127 - 278
TH (Ca Cos) mg/l 500 | 100 - 500 128 - 284
}ga“_mg/l_ | 200 75 - 200 33-502 |
Mg"mgnt | = 30 - 150 10.6 - 21.35 |

Ctmgn | 250 | 200 - 600 28.5-77.1 |

Na*mgd | 200 | Max. 400 43.3 - 67.6
Kmgt | - 812 | 237-770
Femgl | 03 | 03-1 | 001 14

Somgl | 250 | 200-400 | 34-175
Nosmg! | S0 | 10-50 | 1.51-19.3
CuPmegn 1 | 0.5-1 0.015 - 0.421
Fmgl T05-15, 05-15 | 010-132 |
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Bicarbonate ion: The results of hicarbonates concentrations ranged
between (127 - 278 mg/l) as shown in table VII, most of the samples are
within the range. However, sample no. 26 exhibits higher concentration
than the WHO permissible level

Iron ion: The results of Iron levels ranged from 0.01 - 1.4 mg/l.
So that most of samples are within the range. However, the samples
number 29, 24. 23, and 26 showed higher concentration than the
permissible. This may be attributed to the corrosion of the pipe line
network.

Fluoride ion: The results of Fluoride levels ranged between
(0.0 -~ 1.32 mg/l) as seen in table V, most of samples are within the
range. However, the following samples 24 (0.42 mg/l), 30 (0.15 mg/l),
and 31 (0.10 mg/l) showed lower concentration than the permissible WHO
level.

Total Hardness (TH): Total hardness results of houses tap water were in
the range between (150 - 284 mg/l), by comparing with WHO guideline
value 500 mg/l, all samples are within the limit of WHO. The samples 23
& 24 showed the highest total hardness “Hard water” (284 mg/l), while
sample number 25 showed the lowest total hardness “Partial soft water”
(150 mg/l). The total hardness values of samples 23 and 24 are due to the
large values of Ca'* (80.2 mg/l), and Mg** (20.34 mg/l). Other results are
conforming with both WHO & Yemen standards.
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CONCLUSIONS

After the analysis of the 31 samples and the discussion of the obtained
results, we concluded the following points:

pH: The pH results of the 31 samples are between (7.35 - 8.81) with
average pH = 7.95. Most of the results are within the permissible WHO
range (6.5 - 8.5). From the 31 samples, only two samples showed higher
pH value due to the presence of high concentration of carbonates. These
two samples are: Sample 8 “Al-kawther treated water” pH=8.55, and
sample 18 “Houses tap water” pH=28.81.

Total Hardness (TH): The results of the 31 samples showed values
between (12 - 284 mg/l); with average TH of “158.2 mg/1”, i.e. all the
results are within the permissible WHO range.

The TH results of mineral water were in the range of 12 - 162 mg/l, with
average TH=79.2 mg/l i.e. the results showed that the water is between
“soft water and hard water”. Alhayah (TH= 162 mg/l), and Shamlan
(TH=140 mg/l), are hard, while other water samples are soft waters.
Nakhlan is the softest water (TH=12 mg/1).

For the partially treated water, the results showed TH between
(32 - 190 mg/1), with average TH value of 122.4 mg/l. Dhahban water is
“very hard”, Almoaed is “hard”, Alkods and Alferdaws waters are of
intermediate hardness, while Alkowther is soft water.

For private wells, the results ranged between (104 - 208 mg/l). With
average TH= 184.6 mg/l.

For the governmental wells, the results are ranged between (84 - 233
mg/1), with average of 143.8 mg/l.

For the houses tap water the results are between (128 - 284 mg/l), with
average TH=216.1 mg/l.
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So, by comparison according to total hardness, mineral water samples
showed the lowest total hardness values followed by partially treated
water, governmental wells, private wells and finally houses tap waters
which are the hardest samples.

lron: The obtained results showed that iron is found in Sana’a groundwater
in trace amount, that is much lower than the permissible WHO range.

1. Houses tap water, because of the distribution network of most regions
of Sana’a is very old. Pipe corrosion takes place which increases the
concentration of iron in drinking water. High concentration of iron above
0.3 mg/l appears in 40% of the houses tap water samples.

2. In Alfelaihe private well iron concentration is slightly higher than the
allowed WHO range, it is 0.36 mg/l, indicating that iron is found naturally
in groundwater of the region around Alfelaihi well in the old city.

Nitrate: The results showed variable concentration of nitrate in the
samples. ranged between (1 15 - 49.30 mg/l), with average NOs
concentration of 12.14 mg/l. We found that the lowest NOs concentration
was reported in the mineral water samples ranging between (3.52 - 16.72
mg/l).

Houses tap water samples, with exception of samples no.
30 (16.28 mg/l) & no. 31 (19.30 mg/l) that are collected from some
houses in the new university region of Sana’a, the obtained results showed
the lowest concentration in Sana’a basin, range between
(1.51 12.32 mg/l). The mineral water samples were ranged between
(3.52 - 16.72 mg/l) with average of 8.912 mg/l. Partially treated water
ranged between (3.74 - 31.24 mg/l) with average of 10.728 mg/l,
and Private wells from (3.02 - 45.54 mg/l), with average
of 12.968 mg/l. And finally the highest NOs is reported in the
governmental wells (1.76 - 49.30 mg/l) with average of 18.745 mg/l.

Samples no. 13 “Alfelaihi”, and no. 21 “governmental well”, showed high
NO; concentration, 45.54 and 49.30 mg/l respectively which are very
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closely to the upper limit of WHO 50 mg/l, and may causes very
serious effects on human health. These samples and other sources of water
of high NOs concentration require specific treatment to decrease or even
prevent the increase of nitrate concentration. Nitrate concentration in
Nakhlan and Ma’areb mineral waters should be reduced to be suitable for
completely treated water according to Yemen standards (7.8 mg/l).

Fluoride: Fluoride levels in our samples were mostly lower than the
required WHO level (0.5 mg/l). We summarised our results and discussion
as follows:

The obtained results are ranged from (0.1 - 1.32 mg/1), with average of
0.617 mg/l; 11 samples that are reported to have a deficiency in fluoride
concentration below 0.5 mg/l; 26 samples that are reported to have lower
fluoride concentration than the optimal concentration which is around |
mg/l.

The arrangement of the several types of samples were unexpected: the best
results are reported for the partially treated water (F) ranges between
(0.52 - 0.88 mg/l) with average of 0.646 mg/l. There is no deviation from
WHO range.

Houses tap water results showed (F) concentration between
(0.1 - 1.32 mg/l) with average of 0.6 mg/l. The number of samples
deviated from the WHO range are 3 samples.

Governmental ~ wells showed F  concentration ranging between
(0.25 - 1.21 mg/l) with average of 0.698 mg/l. There are two samples
deviated from the WHO range.

Private wells have occupied the third rank of safety, the obtained results
were ranged from (0.28 - 1.3 mg/l), with average of 0.624 mg/1. There
are three samples deviated from the WHO range.

Mineral waters were found to be the lowest in fluoride concentration
ranging from (0.15 - 1.31 mg/l), with average of 0.52 mg/l. Only two
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samples are located in the permissible WHO range that are shamlan
F = (.58 mg/l, and Hadda F = 1.31 mg/L. However, these two samples
are out of the permissible Yemen standard, that were from 0.6 - 1 mg/l
for completely treated water. IL.e. only Shamlan and Hadda were in the
permissible WHO range for fluoride level, while Nakhlan, Ma’areb and
Alhayah are out of the range.

Finally we tried to boiled one of the houses tap water samples, followed
by cooling and filtration in commercial house hold water filter (sample
31), see table 5, appen. A.

The quality of drinking water decreases from right to left as follows:
Hadda > Shamlan > Alhayah > Nakhlan > Ma’areb.

The comparison between the five partially treated bottled water samples
indicated the following points:

Alkods was proved to be the best quality according to WHO standard.
Alferdaws has the highest Nitrate concentration and the lowest in Fluoride
concentration, so it is not acceptable.

Almoaed has the lowest level of SO+ and CI' concentrations.

Thahban has the lowest iron ion concentration, and the highest level of
total hardness. And Alkowther has the highest pH & E.C. values.

At the end of our conclusion we can recommend the following points to
support the improvement of the water supply in Sana’a city:-

* Establishing specialized laboratories for quality control of drinking water
either for private wells or treated water and conformity of them to
health standards.
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* Government must support scientific research, which illustrates
relationship between some of the health problems, and the water used in
the same region.

* Manufacturers of the treated water bottles must be responsible for the
agreement between actual concentration of ions content, to comply with
the regulations.

* Improvement of the environmental hygiene and health education
programs.
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RESULTS OF SAMPLES ANALYSIS (Appendix A)

Table (1) The analytical results of the completely treated samples

Nakhlan | Maareh

WHO | Yemen Std. |Hadda |Shamlan Alhayah
Sal-nple No. - I 2 3 4 5_ B
Temp. C° 8--25 20 u | o» » n
R 6.5-85 | 65-85 | 807 | 776 7.53 7.56 7.87
EC. @Slom | 400--800 | 182 287 a1 | 204 432
T.D.S. (mg/ly | 1000 650 118 187 137 133 8|
Ph.A-(mg/l) - - R —- 0 0 0 0 T_
] COs* (mg/l_) - . | - _ 0 0 0 0 ) 0
A (mgl) | 200-250 48 e | on 44 176
HCOs* (mg/h) | 250 240 586 | 1366 | 878 | 537 | 2147
Cat® (mgll) | 24—46.6 65 3.2 24.1 3.2 128 | 49.7
CTH (megh | S0 | 200 36 140 2| e | e |
Mg’ (mgll) | — 20 6.80 | 19.43 097 | 340 | 13.09
I (mg) 250 200 372 | 302 315 27.8 167 |
Na* (mg/l) 200 o0 | 368 | 257 | s24 | 296 | 264 |
K gl 17—45 | 031 | 2.33 030 | 210 | 201
RetiFet) | 0.3 0.3 0000 | 0010 | 0000 | 0050 | 0010 |
S0 mgh | 250 | 200 16 35 4 a1 | s
NOs (mg/l) 23 7.8 325 | 4.48 13.64 | 1672 | 6.20
Cu*? (mg/l) L 0.5-5 | 0.040 | 0030 | 0000 | 0020 | 0320
F gy | 0.5—L5 L 130 | 058 0.11 015 | 046
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Table (2): The analytical results of the partially treated samples

_ WHO |Yem. Std. |Alkods .Alfe-r:ﬁ\_v-s_ "Alkwther Dhahban Almoagd |
Sample Yo | | ] e 7 s | 9 | 10
. ’Temp._.CO“ 8--25 25 ?.2_ 23 25 | 22 |
- pH . 6.5—8.5 6.5—8.5 7.89 8.05 i 8.55 7.94 i 7.82-_.
E.C. (uS/cm) - 300--1000 367 656 658 467 4}2_5 -
__1_“.1_).8. _(mg/.l) 1000 - 100 239 I 426 428 304 276
Ph.A (mg/l) - - 0 0 , 22 0 0 o
Cbs"' (mg/f1) —-en - 0 0 26..4;_ 0 0 Nl
T.A. (mg/l) | 200--250 - 98.8 133 104 200 38’3 B
HCOs? (mg/l) 250 350 120.5 1—6_2.3 73.;‘: 243.8 _259.4 |
| Ca*? (mg/l) 24;46.6 8.5 36.1 16.0 9.6 44.9 38.8_
- ;H_ (mg/h - 500 300 116 - 60— 3—2 190 ) 164__
| Mg'? (mg/l) 30 629 | 483 1.93 18.94 | 16.18
ClI'" (mg/l) . 250 300 36.0 82.9 130.0 22.6 | 260___
_E:;’f (mg/l) 200 200 31.6 123.2 135.6 33.0 - 36.3
Kt (mg/l) 12 141 | 108 | 128 | 350 | 375
B (-Fe”-Fe“) 0.3 : 0.7 0.040 0.010 0.025 0.000 i 0.015 |
S04 (mg}l) 25(5 300 36 45 41 40 | 31
] NOs; (mg/l) 23 45 6.56 31.24 7.48 3.74 4.62
Cu”. (_n;;/ I-) 1 0?7_ _ 0.045 0.005 0.015 0.065 0_0_25
¥ (l@) 0.5—-1.5- 1 0.88 - 65_2 n 0.59__ 0.59 0.65—
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Table (3): The analytical results of the private wells samples

B WHO | Yem. Sud. I—Senan Alfusail | Alfeliahi | Shumila | Mathbah
— Sample N_o. 1t 1 15——--' 13_ I B _15
] Temp. C° ___.:2_5_ 24 23 23 e -22 23
N pH ‘ 6.5—8.5 6.5-9 8.31 7.35 1 7.84 8,17_ 8.27
“ E.C. (pS/cm) 450--2500 | 509 ;48 1234 434 541
__}'._T;(_mg/l} B l(\E_ 650--1500 | 331 486 802 242 352
_Ph.A {tmg/1) ---— _ 0 1 0 0 0 0
3 27031 {mg/1) - T - _0—— _6 __T)_—— —_0— ) _O N
T.A. (mg/h i 200--250 e 148 220 122 114 146 B
HCOs? (mg/1) 250 B 150--500 | 180.6 | 268.4 148.8 139.1 _ 178.1
_;“a” (mg/h _200 75--200 337 78.5 89.8 32.1 45.5
—_T.H. (mg/l) -500 _ 100--500 126 280 272 104 141
Mg** (mg/l) - ;0-~150 10.9 20.38 11.58 8.73 6.55
j CI" (mg/l) 250_— 200—-50 67.0 1 67.0 186.8 46.9 B 286_
Na' (mg/l) 200 400--400 84.6 52.8 159.8 63 61.7
K* (1ng/l) - 8--12 2.88 2.80 2.83 1.56 5.36 B
(Fet-Fe' 0.3 0.3--1 0.050 | 0.080 0.360 0.060 0.160 B
SOs7 (mg/l) 250 200--400 49 90 223 66 70
NOs; (mg/l) 50 10--50 7.92 4.40 45.54 3.96 3.02
i Cu*? (mg/!) 1 - 0.5--1 0.050 0.546 __0_.370 0.020 0.110
F (mg/l) 0.5—-1.5 | 0.5—1.5 0.72 0.34 0.47 0.28 1.31
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