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Abstract

Water is one of the most precious commaodities of life and society. Clean and safe drinking water
is the basic need of human beings. In this study a total of 22 drinking water samples, from the
various sources of Tehsil Lachi, were analyzed physiochemically, to find out their suitability for
drinking purposes. Nineteen samples were collected from hand pumps, streams, tanks, wells and
tube wells, at 04 main population zones namely Lachi town, Sudal, Malgin and Darmalak. In
addition 03 commonly consumed bottled water samples, Aquafina, Nestle and Kinley, were also
taken from the open market. These were investigated for 15 different physiochemical parameters
including pH, electrical conductance (EC), total solids (TS), total dissolved solids (TDS), total
suspended solids (TSS), alkalinity, total hardness, calcium hardness, magnesium hardness,
chloride (CI), sodium (Na), potassium (K), arsenic (As), lead (Pb), and selenium (Se), using
standard methods of analysis recommended by American Public Health Association (APHA).
The results showed that except pH, alkalinity and potassium all other physiochemical parameters
were not in the permissible limits of WHO and Pakistan, for drinking water. This study showed
that the drinking water quality of Tehsil, Lachi, is worse and it needs necessary treatment before

consumption.
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Introduction

Water is one of the most important natural resources, useful for developmental purposes in both
urban and rural areas (1). Clean and safe drinking water is not only the basic need of human beings
but it also has a great influence on the all aspects of life (2-3). Water is the most drinking fluid by
living things and is the universal solvent, therefore often a potential source of causing infections.
The primary concern of the people living in most of the developing countries, throughout the
world is that of obtaining clean and safe drinking water. In some parts of the world, this problem is
much harder by the fact that many of the available water sources are non potable directly, without
some forms of treatment (4).

Quality of drinking water has been debated throughout the world (5-6). Generally discharge of
direct domestic and industrial effluent wastes, leakage from improperly maintained septic water
tanks and poor management of farm wastes are considered as the major sources of water pollution
and ultimately of waterborne diseases (7-8). The sources of fresh water in Pakistan are glaciers,
rivers and lakes but due to the shortage of rains and snowfall, and also because of pollution,
Pakistan is suffering from water shortage. To overcome this situation, there is a need to use ground
water. Presently ground water is the most abundantly (>70 %) consumed valuable natural resource
for various human activities (9). Poor water quality is responsible for the deaths of an estimated
five billion children annually. According to World Health Organization (WHO) survey 80% of all
human diseases in developing countries are water borne (10).

Drinking water quality deterioration is a serious issue in several parts of the world. Various
researchers have shown that drinking water in many countries does not meet WHO standards 11-
13). Water quality in Pakistan is also not in accordance to the WHO/Pakistan guidelines for
drinking water. It is deteriorating mainly as a result of disposal of the municipal and industrial
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wastewaters and also because of the saline drainage flow from agricultural areas (14-15). The
past research studies have shown that various quality parameters of Pakistan drinking water are
not in accordance to the WHO/Pakistan standards (15-22). Polluted drinking water causes
outbreak of diseases. Recently in three districts of Sind province, namely Thatta, Badin, and
Thar, poor water quality was found responsible for gastroenteritis, diarrhea and vomiting,
kidney, and skin problems (23).

The main drinking water sources of Kohat are tube wells, wells, streams, tanks and hand pumps.
Their physiochemical evaluations showed that Ara Khail, Lachi and Shakar dara are the most
polluted areas where most of the drinking water sources exceed WHO/Pakistan standards for
drinking water (21). The present work is designed specifically on Tehsil Lachi, as a continuation of
our previous work to further confirm and strengthen our previous results on drinking water

pollution and draw valuable recommendations to the concerned authorities, to solve the problem.

Materials and Methods
Sampling

A total of 22 samples were collected from various drinking water sources of Tehsil Lachi, district
Kohat. It included 19 samples from wells, tube wells, tanks, streams and hand pumps, of the 04
selected population zones and 03 commonly consumed bottle water from the open market. Clear,
clean and dry polyethylene bottles of 1 L and 100 mL capacity were used. First the bottles were
rinsed with sample water at the sampling site and then filled in such a way that no air bubbles
left behind in the bottles. The bottles were placed in refrigerator and analyzed for various quality
parameters. The 1 L bottles were used for physiochemical analysis while the 100 mL sample
bottles were used for heavy metals (24).

Determination of physical parameters

pH was measured by electrometric method, using pH meter, Mettler Delta 320, England, while
electrical conductivity was determined by laboratory method, using conductivity meter, Jenway
4060, England ( 24).
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Total solids were measured by drying the samples in oven, Memmert B 54, Schwabach W.
Germany, at 103-105 °C. The increase in weight was expressed as mg of total solids per liter of
sample. For total dissolved solids, well mixed sample was filtered through Beckman filter paper
and dried in oven at 103-105 °C. The total suspended solids were calculated from the difference
between total solids and total dissolved solids (24).

Determination of chemical parameters

Alkalinity was determined in water samples by titration method, using methyl orange indicator
and standardized sulfuric acid solution (24). Total hardness was determined as mg CaCOs/L, by
EDTA titrimetric method, using eriochrome black-T indicator and standard solution of
ethylenediamminetetraacetic acid (EDTA). Calcium hardness was measured by EDTA titrimetric
method, using murexide indicator and standard EDTA solution. Magnesium hardness was
calculated from the difference between the total hardness and calcium hardness (24).

Chloride was determined by argentometric method, using potassium chromate indicator and
standard AgNOs3 solution. Sodium and Potassium were determined by flame emission

photometric method, using Flame Photometer, Corning 410, Germany (24).

Determination of heavy metals

The concentration of lead, selenium and arsenic in all water samples were determined by using
atomic absorption spectrophotometer, Perkin Elmer, Model 3100, after properly calibrating the
instrument with standards for precised results (24).

Results and discussion

Physical parameters

pH of water samples analyzed ranged from 6.79 to 8.02. The lowest value was found in Malgin
stream and the highest was in Sudal stream. Bottled water was having pH from 7.22 to 7.55
(Table 2, Figure 1). Thus all water samples have pH within the permissible limits of WHO and
Pakistan Standards (6.5 — 8.5) for drinking water (Table 1) (25-29).
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Table 1. Guidelines and standards for quality of drinking water

S. # GUIDELINE/STANDARD VALUES FOR PAKISTAN WHO
STANDARDS
Properties/Parameters Unit  HDL* MPL**
1. pH - 7.085 6592 6.5-9.2
2. Electrical Conductance uS/cm®  1000.00  1200.00 1200.00
3. Total Solids mg/L  1000.00 1500.00 1000.00
4. Total Dissolved Solids mg/L  1000.00  1500.00 995.00
5. Total Suspended Solids mg/L  05.00 05.00 05.00
6. Total Hardness as CaCO; mg/L 200.00 500.00 500.00
7. Calcium Hardness as CaCO, mg/L  75.00 200.00 250.00
8. Magnesium Hardness as CaCOs mg/L  30.00 150.00 150.00
9. Total Alkalinity as CaCO; mg/L  400.00 500.00 500.00
10. Chloride as CI™* mg/L  200.00 600.00 250.00
11. Sodium (Na) mg/L  150.00 200.00 200.00
12. Potassium (K) mg/L  50.00 75.00 75.00
13. Lead (Pb) mg/L  0.01 0.05 0.01
14, Selenium (Se) mg/L  0.01 0.01 0.01
15. Arsenic (As) mg/L  0.01 0.05 0.01
“ Highest Desirable Level =~ Maximum Permissible Level
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Figure 1. pH values of water samples.
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Table 2. Physical Parameters

Area Source pH Conductance Solids (mg/L)
(uS/cm®) TS TDS TSS
Darmalak Hand pump  7.27 2701 4073 3940 133
Stream 7.52 784 807 787 20
Tank 7.82 846 887 840 47
Tube well 7.32 602 680 647 33
Well 7.83 1355 1567 1460 107
Lachitown Handpump 7.90 932 967 927 40
Stream 7.21 2850 4193 4067 126
Tank 7.67 780 847 800 47
Tube well 7.45 1575 1960 1887 73
Well 7.20 3025 4320 4147 173
Malgin Hand pump  7.54 1651 2293 2047 246
Stream 6.79 308 1680 1780 80
Tank 7.78 1510 1760 1533 227
Tube well 7.94 1634 1893 1747 146
Well 7.74 1336 1467 1293 174
Sudal Hand pump  7.37 2813 4047 3893 154
Stream 8.02 1355 1453 1280 173
Tube well 7.55 1221 1433 1393 40
Well 7.64 947 967 827 140
Bottle Aquafina 7.25 133 253 207 46
Water Kinley 7.55 277 333 287 46
Nestle 7.34 377 467 407 60

Electrical conductivity values of 10 samples (45.45 %) were within the permissible limits (1200
uS/cm?®) for drinking purposes. The highly polluted sources with electrical conductance values
above 2000 pS/cm® were Darmalak hand pump (2701 uS/cm?®), Sudal hand pump (2813 pS/cm®),
Lachi town stream (2850 uS/cm®) and well (3025 pS/cm®) (Table 2, Figure 2). In Malgin 4
sources out of 5, Sudal 3 out of 4, Lachi town 3 out of 5 and Darmalak 2 out of 5 are having high
values of electrical conductance than the permissible range. Electrical conductivity does not have
a direct health effect; however, it shows the concentration of the dissolved minerals in water. The
high values of conductivity obtained may be due to high concentrations of sodium ions, chloride

ions along with other dissolved ions present in the water (24, 30).
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Figure 2. Electrical Conductance of water samples

Solids (TS, TDS and TSS) in 9 samples (41%) were found within the permissible limits of
WHO/Pakistan (Table 1, Figure3-5), while 13 (59%) were with high values. The minimum value
of solids was found in Aquafina (253 mg/L) and maximum in Lachi well (4320 mg/L) (Table 2,
Figure 3, 4 &5). The results of TS, TDS and TSS are in accordance to Khan et al; 2012b (21).
Solids indicate the presence of various dissolved and suspended substances in water. It adversely
affects water quality by inducing objectionable taste, affecting light penetration. Higher
concentrations of solids usually pose no health threat to humans until the values exceed 10,000

mg/L (24, 31).
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Figure 3. Total Solids in water samples
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Figure 4. Total dissolved solids
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Figure 5. Total suspended solids of water samples

Chemical parameters

Total alkalinity values of the studied drinking water samples ranged between 99 to 259 mg/L.
The lowest was observed in the Malgin stream while the highest was found in Lachi town hand
pump. Among the bottled water total alkalinity values varied from 16 to 48 mg/L (Table 3,

Figure 6). On comparison of the results, it was found that all the drinking water samples were
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having total alkalinity values within the WHO/Pakistan standard value for total alkalinity in
drinking water (500 mg/L) (Table 1) (25-29). These results are supported by Khan et al (2012b)
(21). Thus on the basis of total alkalinity, water sources are safe and can be used for drinking and

other usual domestic purposes.

Table 3. Chemical parameters (mg/L)

Area Source Total Hardness as CaCO;, Chloride Sodium Potassium
Alkalinity  Total Ca Mg (Cn) (Na) (K)
hardness hardness hardness
Darmalak Hand pump 237 1132 827 305 783 950 14.0
Stream 209 619 329 290 172 124 5.0
Tank 216 528 389 139 187 56 7.0
Tube well 207 451 285 166 165 94 5.0
Well 211 558 332 220 773 504 55
Lachi Hand pump 259 168 139 29 203 96 5.2
town Stream 188 2593 1366 1227 1640 360 8.0
Tank 187 456 362 94 192 60 45
Tube well 124 976 729 247 697 102 2.0
Well 149 2388 1722 666 1987 190 8.2
Malgin Hand pump 208 1241 673 568 343 264 45
Stream 99 544 280 260 88 54 14.0
Tank 163 709 392 317 692 204 3.0
Tube well 163 1275 824 451 407 108 45
Well 163 623 501 122 403 222 3.5
Sudal Hand pump 176 586 427 159 590 525 6.5
Stream 312 623 276 347 402 392 5.5
Tube well 181 683 503 180 323 110 2.5
Well 157 815 474 341 283 80 7.0
Bottle Aquafina 16 168 125 43 79 17 2.0
Water Kinley 27 248 199 49 140 14 2.0
Nestle 48 270 206 64 139 24 35

Total hardness ranged from 168 (Lachi town hand pump) to 2593 mg/L (Lachi town stream).
Total hardness values of the bottled water were in the range from 168 to 270 mg/L. WHO and
Pakistan standard value for total hardness in drinking water is 500 mg/L (Table 1).Thus from the
results (Table 3, figure 7) it was clear that 16 (72.73%) out of total 22 samples, have total
hardness value higher than the prescribed limits of WHO/Pakistan (Table 1). By keeping in view
the interaction of hardness with other factors, such as pH and alkalinity, it has been determined
that high water hardness cause scale deposition in pipes of the distribution systems and also the

increased soap consumption (12).
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Figure 6. Total Alkalinity of water samples
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Figure 7. Total hardness of water samples

Calcium hardness was found high than the standard (75 to 200 mg/L), in all sources of all the
areas except bottled water. The highly polluted samples, with calcium hardness higher than 500
mg/L, were Lachi stream, well and tube well, Malgin steam, hand pump and tube well and
Darmalak hand pump (Table 3, Figure 8). The WHO guideline for magnesium in drinking water
is 150 mg/L and Pakistan standard is in the range from 80 to 150 mg/L (Table 1) (26-30). Only 7
(31.82 %), out of total 22 samples were with magnesium concentrations within the recommended
values (Table 3, Figure 9). Inadequate intake of Ca and Mg causes osteoporosis, nephrolithiasis,
colorectal cancer, hypertension, endothelial dysfunction, coronary heart disease, diabetes

mellitus and metabolic syndrome (32).
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Figure 8. Calcium hardness of water samples
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Figure 9. Magnesium hardness of water

Chloride is a commonly present in all types of rocks in many forms but its affinity towards
sodium is high due to which it is present in excess in ground waters. Chlorides concentration also
depends on the soil porosity and permeability (33).

WHO and Pakistan guideline value for chlorides in drinking water is 250 mg/L (Table 1). This
study showed that 9 out of 22 (40.91%) water samples have chloride concentrations in the
permissible limits. The most polluted sources with chloride values above 500 mg/L were Lachi
town, well (1987 mg/L) and stream (1640 mg/L), Darmalak, hand pump (783 mg/L) and well
(773 mg/L), Lachi town tube well (697 mg/L), Malgin tank (692 mg/L) and Sudal hand pump
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(590 mg/L) (Table 3, Figure 10). High chloride concentration results in the high conductivity

which is considered to be a risk for human health and may cause unpleasant taste (34).

Chlorides
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Figure 10. Chloride values of water samples

The value of sodium in the drinking water samples was found in the range from 54 to 950 mg/L.
The lowest was found in the Malgin stream and the highest in Darmalak hand pump. Sodium
concentration in bottled water ranged from 17 to 24 mg/L (Table 3, Figure 11). Total 14 samples
out of 22 (63.64 %) were containing sodium concentration in the WHO/Pakistan permissible
limit (200 mg/L) (Table 1). The most polluted samples were Sudal hand pump (525 mg/L),
Darmalak hand pump (950 mg/L) and well (504 mg/L). High level of sodium in water is
associated with disorders in heart, kidneys and complications in pregnancy. Also elevated levels
of sodium in water damage domestic plumbing systems, water heaters and municipal water work
equipments. So the water containing high concentration of sodium is not safe for drinking and
other domestic use (35).

Potassium values ranged between 2 to 14 mg/L. Among the bottled water it varied from 2.0 to
3.5 mg/L (Table 3, Figure 12). All water samples contained potassium in the acceptable limit
according to Pakistan standards (30 mg/L). However Malgin stream and Darmalak hand pump
contained 14 mg/L, which were high than the WHO limit (12 mg/L) (Table 1), (26-30). These
results are in accordance to our previous study (22). In healthy individuals, high levels of
potassium (up to 3700 mg/day) possess no harmful effects because potassium is rapidly excreted.
A very high dose of potassium results in chest tightness, nausea, vomiting, diarrhea,

hyperkalaemia, shortness of breath and heart failure (36).
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Figure 11. Sodium values of water samples
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Figure 12. Potassium values of water samples

Heavy Metals

The values of arsenic varied between 1.627 to 3.115 mg/L, the lowest was found in Lachi town
stream and highest was in Lachi tube well. Among the bottled water, it ranged from 1.602 to
2.857 mg/L (Table 4, Figure 13). WHO and Pakistan Standard for arsenic in drinking water is
0.01-0.05 mg/L (25-29). The values of arsenic in all the samples was high than the WHO and
Pakistan Standards (Table 1). Arsenic is a carcinogen element and drinking contaminated water
results in harmful effects on the digestive tract, heart, vascular system and central nervous

system and even causes death up to 60 mg/L in drinking water (37).
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Table 4. Heavy metals (mg/L)

Area Source Arsenic Selenium Lead
(As) (Se) (Pb)
Darmalak Hand pump 3.053 1.416 0.455
Stream 1.916 1.628 0.455
Tank 2.670 1.895 0.461
Tube well 2.630 1.734 0.446
Well 2.301 1.314 0.454
Lachi town Hand pump 2.537 1.715 0.497
Stream 1.627 1.493 0.506
Tank 2.599 1.321 0.488
Tube well 3.115 1.586 0.491
Well 3.034 1.555 0.509
Malgin Hand pump 1.885 1.465 0.394
Stream 1.859 1.551 0.433
Tank 2.339 1.711 0.446
Tube well 1.700 2.192 0.418
Well 2.240 1.560 0.412
Sudal Hand pump 2.782 0.877 0.388
Stream 1.921 1.182 0.372
Tube well 2.275 1.646 0.391
Well 2.076 1.186 0.385
Bottle Water  Aquafina 2.857 1.238 0.534
Kinley 1.602 1.431 0.524
Nestle 2.350 1.900 0.509
Arsenic
4
g3
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2
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OHand Pump B Stream OTanki OTube Well Ewell

Figure 13. Arsenic values of water samples

Lead concentration ranged between 0.385 — 0.534 mg/L. The lower value of lead was obtained in

the Sudal well and higher value was observed in the Aquafina bottled water. The concentration
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of lead among the bottled water varied in the range from 0.509 to 0.534 mg/L (Table 4, Figure
14). The value of lead specified by the WHO and Pakistan Standards water is 0.01 mg/L (25-29).
Thus all the sources were found contaminated with lead. These results are supported by Farid et
al (2012) (19). Harmful health effects of high lead concentrations in drinking water include
various types of cancers, cardiovascular and neurological diseases, problems in the synthesis of

haemoglobin, effects on the kidneys, gastrointestinal tract, joints and reproductive system (38).

Lead
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Figure 14. Lead values of water samples.

The value of selenium in drinking water specified by the WHO/Pakistan Standards is 0.01 mg/L,
and the values of selenium in the drinking water samples studied varied in the range from 0.877
to 2.192 mg/L, being lowest in the Sudal hand pump while highest was in Malgin tube well.
Selenium concentration among the bottled water was found in the range from 1.238 to 1.900
mg/L (Table 4, Figure 15). So selenium concentration in all the samples was higher than the
WHO/Pakistan Standards. Selenium recommended daily intake for human is 1ug/kg of body
weight. Selenium compounds are often genotoxic in vitro systems. In humans, long-term

selenium exposure causes disorders in nails, hair and liver (39).
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Figure 15. Selenium values of water samples.
Conclusions

Most of the samples analyzed were found contaminated either due to one or more parameters.
Only pH, alkalinity and potassium values of all the samples were in the permissible range. Heavy
metals in all samples crossed the WHO and Pakistan Standards. Arsenic is carcinogenic and
therefore its presence is a serious threat. In nutshell from the results, it is concluded that the
quality of drinking water Lachi area is worse and it is suggested that drinking water must be

treated before supply.
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