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ABSTRACT

The quality of groundwater has been assesseddauitability for drinking and human used, at Stebegion (a
region of Benghazi city), during April to May 201Bhe evaluation was made to ascertain compliandd wi
recommended standards by Libyan Standard Legislatioy caring out the physical, chemical and the
microbiological analysis of 20 samples. Physicatl amemical parameters including total dissolveddso(TDS),
electrical conductivity (EC), cationic and aniondonstituents (chloride; sulphate; nitrate; calciunmmagnesium
were determined by standard titrimetric and spegtratometric methods. In addition, heavy metals ¢@tium,
copper, iron and zinc) were also determined usihg atomic absorption spectrophotometric method.nféa
photometer was used to determine the concentratiosodium and potassium. The results showed that th
temperature reaches 20-24.5 C, pH ranges 7.29;&%D2510-6940 ps/cm, TDS 1147-5264 ppm, chlorife: 4
2960 ppm, total alkalinity 176-400 ppm, total haeda 80.1-1045 ppm, nitrate 0.42-3.89 ppm (onlysameple has
66.9 ppm nitrate level), sulphate 78.5-342 ppmjwuadnd potassium ions range from 95.1-709 ppm2a48-46.0
ppm respectively. The levels of pH, nitrate, sulptend potassium of the samples were within thddlnies set by
Libyan Standard Legislation. However, the levelshafdness, total dissolved solid, sodium and chkariof the
most samples were higher than the guidelines séiliyyan Standard Legislatiofhe results of the chemical toxic
analysis of Shebna groundwater, indicated the heagtals (chromium; copper; zinc and iron) are airse As for
the Bacteriological pollution, the study showed ising in Total Count and Total Count coliform ofeBha
groundwater. However, the Fecal Count Coliform ath@ Eschriechia coli were determined in 40% of the
groundwater samples.

Keywords: groundwater, Shebna area, physical and chemicallyaig ,heavy metals analysis, microbiological
analysis

INTRODUCTION

Groundwater is the most important source of wabeérhuman consumption in semi-arid countfigs However,

Libya is considered as one of the countries whidfes from limited water resources availability. @ most parts of
the country are either semiarid or arid and theadniegions of the world, within year average @lnfanging from

just 10 mm to 500 mm. Just 5% of the entire arehilmfa exceeds 100mm annually. Even more, the awtion

rates are also high, ranging from 1,700 himrthe north to 6,000 mhin the southZ].

Benghazi is the second largest city in Libya, after capital, Tripoli, and Benghazi is located le horth-east of
Libya, overlooking the Mediterranean coast. Benghaz a warm climate with little rain, while, thensmer season
in Benghazi is hot and dry. The rainfall rate imBkazi, is less than 268 mper year. Total population in the city
of Benghazi is 1,382,688 according to the staBsic2006 and continues to increase. Thereforeg tisean increase
in the needs of safe water for drinking and doroasse. For these, many population in city regiong wells to use
the groundwater in different purposes, such askiy domestic use; agriculture and otheBs 4. Numerous
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studies, in the city of Benghazi (study area), werneducted for a number of regions that the resadstill use water
wells in a variety of purposés-7].

As the water quality data is essential for the gotion of the human health, this study was assesgroundwater
quality in terms of its suitability for drinking dndomestic uses in one of Benghazi region calleeb8&. The
assessing of the quality of groundwater of Shelegion is done by monitoring the physical, chemiaatl
biological analysis.

MATERIALS AND METHODS

Shebna (also calleéll-Aurubg is a new region of Benghazi city, fig (1). Shalregion began appearing in 1990. It
is located between longitude2D 15.98™ - 207" 51.12™", and between lantitudes 827.55- 327" 19.70™", and
covers an area of about 16,434 im Shebna region, the population resorted toidiggvells to take advantage of
its water for drinking, domestic use and other psgs §]. The groundwater in Shebna region is taken, irstmo
cases, fronDriven Wells It is the best types of wells guarantee to gee puater. These wells are more than 10 m
depth. Even more, the houses in Shebna regioraekeng the modern sanitation systems. In fact tiesmses use
waste tanks.

Al Fuwayha

Fig (1): Map showing the location of Benghazi citgnd Shebna region*)

Sampling and Analysis

The samples collecting process is adopted accotdirrgmethod of random sampling from different p®im the
study area, which is the base most commonly useplans for environmental studies. The coordinateshe
sampling sites were identified using the devicerdimates global (Global Position System-GPS) mddiel Moov
S308 Mio Technology Ltd, china.

The groundwater samples were collected in the gefriom April 23, 2013 to May 23, 2013 from 20 web$
Shebna region. The information about the locatibthese wells (coordinates), depth, age and usdeavells are
given in table (1). Even more the distance betwt®n groundwater well and the waste tank and theemwat
temperature during the assembly of the samplepfallhich are registered in the table (1), with @enthat the
samples were all colorless and odorless. The sanmalee collected, after 20 minutes of run-off wabewn from
wells, in clean polyethylene containers of ¥ litapacity for physical, chemical analysis and thalysis of heavy
elements. The samples for microbiological analysige taken in clean glass bottles sealed andestésil heating
them in oven at a temperature of iZGor more than two hours after that the neck amebc of bottle rolled with
aluminum foil.

The tests and measurements of water samples wedeicted using standard equipments and materiasided by

the well-known international companies, in watealgsis laboratories in Department of Nutrition (Bg of Public
Health, University of Benghazi and Man Made Rivené@r (MMRC) (Hawari Region, Benghazi).
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Table (1): Information on the wells of Shebna regio

Distance from
Sample No. Coordination of Location Well Depth | Well Age waste tank Uses of water
(m) (Year) (m)
E N
1 32 | 07| 16.0°| 20 | 08" | 36.6™ 24 15 10 Domestic
2 32° | 07| 397 | 20 | 07" | 57.4™ 26 10 months 12 Drinking& Domestic
3 32°| 07| 44.0°| 20 | 07" | 40.3" 15 13 20 Domestic
4 32 | 07| 383°| 20| 07" | 02,6 27 15 12 Domestic
5 32°| 07| 43.0°| 20 | 07" | 50.6" 23 8 6 Domestic
6 32° | 07| 37.2°| 20 | 07" | 408" 30 15 10 Domestic
7 32 | 07" | 46.47| 20| 07" | 39.1" 22 2 8 Domestic
8 32°| 07| 43.7°| 20 | 07" | 30.5" 18 5 25 Drinking & Domestic
9 32° | 07| 50.5°| 20 | 07" | 455~ 25 3 20 Domestic
10 32 | 07| 50.8°| 20| 08" | 04.1" 30 4 10 Domestic
11 322 | 07| 36.6°| 20| 08 | 10.2™ 24 4 15 Domestic
12 32| 07| 30.8| 20| 08 | 05.8" 26 5 8 Domestic
13 32 | 07" | 2767 20| 07" | 58.7" 22 4 15 Drinking & Domestic
14 32| 07| 28.7°| 20| 07" | 50.3" 22 2 10 Domestic
15 32| 07| 384 20| 07 | 485" 27 7 15 Domestic
16 32 | 07| 4237| 20 | 07 | 53.9" 30 18 20 Domestic
17 32 | 07| 48.8°| 20| 07 | 56.6" 26 20 12 Domestic
18 32| 07| 411| 20| 07" | 55.1™ 25 5 15 Domestic
19 32 | 07| 32.0°| 20 | 07| 50.2" 23 5 5 Domestic
20 32 | 07| 355 20| 07| 43.9" 25 1 25 Domestic

Physical and Chemical Analysis

The temperature of the samples was measured ifidldeitself at the time of sample collection usintgrcury
thermometer. Also Measurements of physical unstphtameters such as pH and electrical conductf&@g) were
conducted in the field with portable pH-meterd lab WTVW equipped with glass combined electropkl{electrode
sen Tix 61-B023009APO0OL@nd microprocessor electrical conductive mefér\\V Multi 340i with WTW Tera Con
325 conductive célwhich were calibrated prior to taking of readinlee Chemical Analysis were conducted using
standard procedures recommended by American Puibdialth Association 9]. Total dissolved solid was
determined by gravimetric method and hardness wtermiined by EDTA titrimetric method. Chloride iovas
determined by silver nitrate titration. Total dlkédly was determined by acid-base titration. Salighion and nitrate
ion contents were determined using spectrophotdenetiethod. Analysis of sodium and potassium iongewe
carried out using a flame photomet&FP7Flame Photometer, Jenway, Germankhe toxic heavy metals that
affect the health (such as chromium, copper, iro @inc) were determined using Atomic Absorption
Spectrophotometer @fian SpectAA-10 plus atomic absorption spectropimater Jenway, Germany

Microbiological Analysis

The Total Count(TC) of the bacteria was conducted by pour plathnique on plate count agar and counting the
colonies developed after incubation at°@7for 48 hours. Total Coliformbacteria (TCF) and Faecal
Coliformbacteria(FCF) were enumerate using the Most Probable Nutnelsnique (MPN) after incubation at°g7

for 24-48 hours. The positive tubes were sub-cettunto Brilliant Green Lactose Bile Broth whichcubated at
44°C for 24-48 hours, and then with Eousine MethylBhes Agar [LO,11.

RESULTS AND DISCUSSION

In this study, some physical, chemical parametansl microbiological analysis, for 20 samples ofumidwater of
Shebna region, were carried out to verify the silitg of the wells water for human uses.

Physical and Chemical Analysis

The direct measurements of pH and EC, in additiothé total dissolved solids for each sample, veareducted.
Also the analysis of chloride; nitrates; sulfatedisim and potassium ions, as well as the total resst total
alkalinity and concentrations of some heavy elesieméere performed for each sample of Shebna groatedwT he
results of physico-chemical parameters of the wedenples are presented in table (2) and table (3).

Temperature

The temperature values of Shebna region groundwatered from of 20-24°6. A rise in temperature of water
leads to the speeding up chemical reactions inrwagduces the solubility of gases and amplifiesttste and odor
[12, 13.
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Total Dissolve Solid (TDS)

TDS consists of inorganic salts and dissolved dgyaratter, from Table (2), the values of TDS of St region
samples are ranged from 1147 ppm to 5264 ppm. Thah Standard Legislation for drinking water stateat the
value of TDS of drinking water shall not be lesarttb00 ppm and not more than 1000 pgddi.[Comparing the
values of TDS of the Shebna samples with the limétsby Libyan Standard Legislation, we found th&ugs of
TDS of water samples are higher than the leveltaridards recommended by the Libyan Standard lagigis! In
fact all values of TDS for all samples are abov@QL@pm. The several research confirm that manyhefsalts
present in the water should be at a moderate leével, means, the values of TDS should not be tess 500 ppm,
because the human body just needs to compensatalthiest by sweating. At the same time, the TDSvater
must not exceed about 1500 ppm, which then addlataiéde salty taste. Increasing the salts may cawt®mage to
human kidney and undesirable physiological reast[ds, 164. Water samples of Shebna region have high valfies
TDS may due to the nature of water or the earthraddhe water, or leakage of industrial or indaksewage to
natural water bodied fi, 17.

Electrical Conductivity

The values of EC of the water samples of Shebn®megnge between 2510-6940 ps/cm, table (2). TGesE
considered a good measure of the proportions of B in the water, i.e high EC indicates the higllue of TDS
in the watef1, 14.

PH

The pH values of the groundwater samples of Shebgian vary between 7.29- 8.20, Table (2), withaamrage
value 7.68+ 0.24 during the study period. The mimmpH value was 7.29 for sample 16, while the highpd
value was 8.20 for sample 17. However, the pH \&ahfeShebna water samples fall within the limitsnpigted by
the Libyan Standard Legislation for drinking waltéd]. Generally, the pH of groundwater is influencgdgeology
of catchment area and buffering capacity of water.

Total Alkalinity

The term total alkalinity gives a quick indicatiohsalts present in water sample, the main soufteese salts are
the surrounding soil. It was found that the limilbaed by the World Health Organization (WHO) fautal
alkalinity in drinking water is 120 ppnif]. By comparing this value with the values of taadkalinity of Shebna
region samples, which range between 176-400 ppl€T(&)), we find the values of total alkalinityrfall samples
were higher than the limit allowed by the WIHL3].

Table (2): Physical Parameters of groundwater of Sébna Region

Temperature EC TDS
Sample No. (C) pH (usicm) | (ppm)
1 22 7.49 4450 2337
2 23 7.51 2510 1147
3 24.5 7.89 4640 2926
4 20.5 7.61 6940 5264
5 215 7.59 4280 3022
6 20 7.46 6151 4362
7 23 7.54 2680 1405
8 24 7.45 2838 1579
9 23 7.79 3972 2780
10 21 7.52 3060 1769
11 22 7.69 5125 3041
12 23 7.54 4977 2983
13 24 7.65 4261 1985
14 24 7.79 4320 2826
15 21 8.19 3102 2241
16 22 7.29 6820 3170
17 23.5 8.20 3959 2639
18 24 8.13 5850 3492
19 21 7.69 3856 2039
20 20 7.73 3050 2165
Mean *sd 22.35+1.4 7.68 +0.24 4342 £1324 2659 +981
Range 2024.5 7.29 8.20 2510 6940| 1147 5264
Libyan Standardg - 6.5- 8.5 - 500- 10Q0

Water Hardness

The analysis of groundwater samples show thatata hardness values of the samples ranging froth08® ppm,
Table (3). The values of total hardness in six watamples (30%) set within the allowable limit b&tLibyan
Standard Legislation for drinking water [14]. Thepkanation for this difference in total hardnessuea may the
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prevailing type of salts in the soil, as well asyndae to the concentration of industrial and hoospollutants that
pose to the soil and surface water [1, 18].

Table (3) Show that the values of calcium hardidsshebna groundwater rang from 43.2-536 ppm, wtteae16
samples of water samples (80% ) have calcium hasdhigher than permitted limit allowed by Libyaarsiard
legislation for drinking water [14]. The valuesitdrdness of magnesium for groundwater samplesharersin the
table (3), these values range from 36.7-523 ppnweder, all the samples have high magnesium hardmnésse
the extent allowed by the Libyan Standard Legistafor drinking water is ranging from 30-150 ppm.

Chlorideion

The concentration of Chloride ion in Shebna grouagw samples ranged between 400- 2960 ppm (table (3
However, these values were all higher than thet lathowed by the Libyan Standard Legislation foinking water,
which states that the maximum concentration of ritiéoion in the drinking water sets at 250 pptd]| It is not
known that a high concentration of chlorides inwaer has any trace toxic to humans or animailstHe presence
of a high concentration of ions such as chlorideécium and magnesium leads to increased influencesive.
Even more, The increase of chloride ion concemtnatiore than 100 ppm impart a taste salty to waleChloride
salts are widespread in nature in different formdude sodium, potassium and calcium salts. Chdosilts, can
reach the groundwater by wastes resulting froncafitral, industrial and sewag#?].

Nitrate ion

The Libyan standard legislation for drinking wasets nitrate ion limits at 45 pprii4]. The results in Table (3)
show that the values of nitrate ion of the groundwaamples for Shebna region are located withénatlowable
limit, except for sample 11, where nitrate ion cemication arrive to 66.9 ppm. However, nitrate itgelf is
harmless to human health, but it provides an ideaitathe possible presences of objectionable bact&lso high
levels of nitrate ion can cause methemoglobinemidblue baby" diseasel9, 2(Q. The microbiological analysis of
smaple 11, table (5), indicates that sample 1teis from organisms. Therefore, the high concentraif nitrates
ion in sample 11 may due to the addition of nignodertilizers in large quantities and it travelishwrrigation water
to groundwater41].

Sulphateion

Table (3) shows that the concentration of sulfatein water of Shebnas’ wells are ranged betw8&5342 ppm.
This range indicates that the content of sulfabesin all samples is less than the maximum linibvaéd by the
Libyan Standard Legislation for drinking waté#]. In fact, sulfate salts are present in most retwater. The most
important sources of sulphate ion in water aredibsolving of some salts such as calcium sulfateniaing sulfur

dioxide in the air with rain water or snoad.

Sodium and Potassium Contents

The concentration of sodium ion in Shebna groundwadnged from 95.1 -709 ppm, Table (4). The lewfls
sodium ion in all samples are higher than 20 ppinickvis the minimum permitted limit of sodium iotisat
allowed by the Libyan Standard Legislation for #iig water. However, there are 85% of the waterplasmhave a
concentration of sodium ion higher than 200 ppmictviis the maximum permitted limit of sodium iorlkwed by
the Libyan standard legislation for drinking waf&d]. High concentrations of sodium ions in drinkingter have
not any trace toxic effects to humans or animais those who suffer from diseases, such as bloesspre; heart;
kidney and liver cirrhosis, need a special soufogater for drinking 19].

The concentration of potassium ion in Shebna graaer samples ranged from 2.43-46.0 ppm. The liegjtired
by the Libyan Standard Legislation for drinking ebf potassium ions should be in the range of A@@m. One
sample of Shebna region wells (sample 2) hasel t#potassium ion less than 10 ppm, and only $anmples of
Shebna wells have a level of potassium ion higihan 40 ppm (sample 4 and sample 18), while theadmation
of potassium ion in the other samples were all iwitthe permitted range of Libyan Standard Legiskatior
drinking watef14, 19.
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Table (3):Chemical parameters of groundwater of SHena region

Sample no. All;ra?lgr?ilty Chloride he-trr(c)itr?éss haﬁii_ess hal:/(lj?\_ess Sodium | Potassium | Nitrate | Sulphate
1 252 960 553 282 271 343 12.2 1.32 216
2 252 400 308 162 146 95.1 2.4 0.81 78.5
3 256 1440 685 362 323 437 18.7 1.37 178
4 280 2720 1045 522 523 709 43.0 0.42 342
5 320 1280 741 382 358 465 28.4 2.65 214
6 330 2960 80.1 43.2 36.9 698 13.0 0.42 313
7 176 560 372 193 179 181 3.24 1.22 81.9
8 268 600 404 214 190 216 3.24 1.48 89.7
9 356 1200 605 313 292 411 29.2 0.76 238
10 400 560 517 282 235 242 15.0 2.79 92.8
11 268 1120 869 452 417 455 24.2 66.9 214
12 248 1360 701 370 331 473 25.0 3.89 182
13 260 880 396 196 200 314 10.8 0.69 123
14 268 1360 629 342 287 361 18.3 1.14 197
15 292 960 637 352 285 141 13.3 1.07 215
16 284 1120 1041 536 505 455 15.8 3.21 265
17 208 880 909 460 449 384 26.1 3.05 213
18 267 1600 937 471 466 484 46.0 0.84 265
19 190 880 476 241 235 321 11.1 0.93 137
20 240 720 657 332 325 332 24.5 2.86 185
Mean +sd 271 1178 628 325 303 376 19.2 1.62 192.0
+52.6 +55.3 +252.7 +127.7 +125.6 +160.1 +11.89 +1.07* +74.7
Range 176- 400- 80.1- 43.2- 36.9- 95.1- 2.4- 0.42- 78.5-
400 2960 1045 522 523 709 46.0 3.89 342
S't‘;%j; ds - 200-250 | 200-500 | 75-200 | 30-150 | 20-200 | 10-40 >45 200-400
All values in the table are the average of thremdiags, and in ppm unit. .
*The mean is the average of 19 reading without darhp.
Heavy metals Contents

In this work, the concentrations of some heavy fegt@amely copper; zinc; chromium and iron in grbwater
samples of Shebna region were determined, tableT(® concentrations of these metals in all sample® less
than the maximum allowed limits set by the Libyaarlard Legislation for drinking watet4].

Microbiological Analysis

Table (4): The content of some heavy metals in Shed groundwater

Sample no. Cr Zn Fe Cu
1 <0.05 0.011 0.079 0.050
2 <0.05 0.008 0.040 0.012
3 <0.05 0.019 0.063 0.069
4 <0.05 0.007 0.089 0.080
5 <0.05 < 0.003 0.066 0.030
6 <0.05 < 0.003 0.039 0.020
7 <0.05 < 0.003 0.101 0.044
8 <0.05 0.010 0.072 0.051
9 <0.05 0.016 0.077 0.070
10 <0.05 < 0.003 0.038 0.018
11 < 0.05 0.015 0.092 0.024
12 <0.05 0.021 0.081 0.029
13 <0.05 < 0.003 0.041 0.060
14 <0.05 0.013 0.045 0.025
15 <0.05 0.008 0.050 0.033
16 <0.05 0.029 0.076 0.075
17 <0.05 < 0.003 0.058 0.036
18 <0.05 0.022 0.083 0.050
19 <0.05 < 0.003 0.049 0.041
20 <0.05 < 0.003 0.037 0.062
Mean #sd <0.05 0.011+0.00§  0.064+0.0R1  0.044+0.p20
Range - <0.003-0.029 0.037-0.101 0.012- 0.080
Libyan Standard  0.05 5- 15 0.1-0.3 0.01-1.¢

*Each value in the table is the average of thresdiag, and in ppm unit.
*The sensitivity of atomic absorption spectrophagtenare 0.05 and 0.003 ppm for Chromium and ziements respectively.

The results of the microbiological analysis of watamples are present in the table (5). Tl for the samples
range from 0 to > 300 CFU /1mL. However, M®N method was used to detect iéF, FCF andE.Coli bacteria

Scholars Research Library



Nagwa H. S. Ahmidaet al Arch. Appl. Sci. Res,, 2016, 8 (7):4-11

in Shebna water samples. Table (5) shows thatahees ofMPN in 100 mL of water sample for tReCF range
from 2 to <1100 and for theCF range from 0 to 43. Thi.Coli bacteria is detected in eight (40%) water samples.
These results indicate that the groundwater sangfléshebna region exposed to contamination from dmumr
animal faeces. This contamination may due to trel®sh wells, with depths of 15- 30 m, which makée t
groundwater vulnerable to mixing with sewage paiut However, Shebna region is lacking the modamitation
systems. In some cases, the nearness of the walldowhe dump tank may lead to an increase imtssibility of
leakage of sewage into welld.

The Libyan standard legislation for drinking watgressed the necessity of drinking water to be free

microorganisms. Comparing the results of the miiiolgical analysis of Shebna region with limits bgtLibyan

Standard Legislation indicates that the groundwsaenples are unfit for drinking, washing and otherposes for
human usel4].

Table (5): Microbiological analysis of Shebna groudwater

Total Account of (TC)

Total Coliform (T.C.F)

Faecal Coliform (FCF)

Sample no. (CFU/mL) MPN/100mL (MPN/100mL) Escherichia Coli
1 300< 83 9 m
2 280 43 7 m
3 0 9 0 NA
4 20 23 0 NA
5 320 1100 16 n
6 300 460 23 m
7 0 43 43 T
8 100 4 4 -
9 80 15 9 ¥
10 300 15 0 -
11 0 4 0 NA
12 0 2> Na NA
13 10 4 0 NA
14 40 4 0 NA
15 10 2> NA NA
16 150 7> NA NA
17 60 2> NA NA
18 90 83 15 m
19 300< 9 9 T

20 160 150 0 NA

*CFU/1mL: Colony Forming Unit per 1mL.; *MPN: Mo&robable Number; *NA: Not Applicable

CONCLUSION

In this study, 20 groundwater samples from Shelbgan were analysed. The study relied on the appeint of a
number of physical and chemical properties in aoidito the microbiological analysis to detect theétability of
water samples for drinking and domestic. It wasctading that the most physical, chemical and miwlalgical
values that determined for these samples were attmv@ermitted limits set by Libyan standard leggisin for
drinking water. However, samples were unsuitabtedfanking and other domestic uses.

The study recommended for the routine monitorirgggtoundwater quality and applying the treatmeaotesses of
the water before consumption. Also, the need teelacate the establishment of sanitation systemat@ ghe
groundwater supplies in the region.
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