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Hydrochemical and Microbiological Assessment of
Groundwater Contamination in the Karst Aquifer of
Al Marj City, Libya: Impacts of Sewage and Its
Relationship with Groundwater Flow Paths

Dr. Abdulwahab M Bubtaina, Eng. Hamzah M Sultan
University of Benghazi - Libya
hamza.m.s.1989.@gmail.com

Abstract

This study presents a hydrochemical and microbiological
assessment of groundwater quality in Al Marj City, northeastern
Libya, to evaluate the risk of contamination of the karst aquifer
caused by the city’s main sewage wastewater pond (216.58 ha) and
uncontrolled cesspits. Groundwater samples were collected from
five wells on a single day (2 June 2026) and analyzed for standard
physicochemical and microbiological parameters. Pearson
correlation analysis was also applied as a statistical tool to explore
relationships among the measured variables. The results revealed
that several water quality parameters exceeded the permissible
limits established by Libyan drinking water standards and the World
Health Organization (WHO). All groundwater samples were
classified as very hard water, with total hardness exceeding 500
mg/L as CaCOs. Microbiological analysis confirmed fecal
contamination in all wells, with Well No. 4 exhibiting the highest
Escherichia coli (E. coli) concentration of 387.3 MPN/100 mL.
Statistically, a very strong positive correlation was observed
between E. coli and Enterococci (r = 0.999), while a moderate
positive correlation was found between total dissolved solids (TDS)
and nitrate (r = 0.606). These correlations should be considered
preliminary and exploratory because of the limited sample size. The
findings indicate that groundwater from all five wells is unsuitable
for drinking and provide strong evidence of contaminant migration
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through karst groundwater flow pathways. The study highlights the
urgent need for groundwater treatment and comprehensive
improvement of the city’s wastewater management system to
protect public health.

Keywords: Wastewater infiltration, Faecal indicators,
Hydrochemistry, Water hardness, Carbonate rocks.
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4L, 0 0 0 0 0
(EC)

s mg/L <200 200.18 480.43 480.43 360.32 @ 520.47
Pl S

(Calcium
Hardness)

S el mg/L <500 880.79 720.65 640.58 800.72 @ 760.68
(Total
Hardness)
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Laadll JLYI aaea 3 (500 mg/L as CaCOs) BI04,
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5 1
EC (uS/cm)iilye) ilay) 1296.00 | 1769.0 = 1561.4 = 175.21
0 0

Calcium Hardness aguillsl) jus 200.18 520.47 @ 408.37 130.96
(mgfL)

Total Hardness (mgjL)Asil juall 640.58 880.79 | 760.68 89.52
Chloride (mg/L)y,5ist) 244.00 396.00 319.20 54.21

Sulphate (mg/L)<liy <) 30.32 53.67 42.46 8.46
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(Parameter) zial) i sy
Sl
(Std. Dev)
Potassium (mg/L)agssulisd) 4.60 11.60 8.32 3.17
Sodium (mg/L)ag:asall 102.00 188.00 | 163.00 36.48

Total Alkalinity (mg/L)dush 4008l | 244.24 316.31 278.67 28.82

Nitrate (mg/L)cyl 5.38 33.22 14.93 11.11
Fungi (CFU/mL)cil il 0.00 50.00 18.00 19.24
FS digrall (S sind) 0.00 37.80 7.96 16.70
(MPN/100mL)
TBC Lyl A<l aal) 435.20 @ 2419.6  1337.6 994.02
(MPN/100mL) 0 2
E. coli duigledll A<y 0.00 387.30 | 78.28 172.75
(MPN/100mL)
TCF 4l ¢ 5lgal) LSy 14.80 816.40  266.94 342.33
(MPN/100mL)

Aonsland) cilpigall 8 Tan dla JISe Caglit 39ag (gluaall CahaiY) Bel8 (e Laadly
Ll (Hlaal) Ghady) gl (JBd) Juw Aaddslbesl) cilyuially 4l
Y Sy ¢ 78.285bl) ehaussia gl oo 8 172,75 Ve E. coli 4l
(266.94 Lugia dilae 342.33 (glhae adl) TCF 4l oglaall Lyo<il
35as @ IS il caln G @ladl GHaDI play) 1 daaly,
(4)a) s oo Liban 0 Ay Aadis Casli B3 39ag 3Gy ¢diuna Jais B Cughil

WY Ay A55le oaslandl ol 138 Aase (2) ) g
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Opepd BLAY) Judas .2
LV s aadfi 0 o( LT ded) Gilie (eed e cadie) Luball oY Bl
) et g echriall B Aol RALESE ol 8] ddasy G5yl
Alall @b Aoyl i)y dumslgng gl ALY) ) sl

Oy Jalsi ) Jalal a5 (5) ady Jga
TDS EC Nitrate E. TCF
coli

TDS 1.000 1.000 0.606 -0.171 0.134 0.189 -0.166
EC 1.000  1.000 0.606 | -0.171 | 0.134 | 0.189 | -0.166
Nitrate 0.606 0.606 1.000 0.109 -0.190 -0.646 0.098
E.coli -0.171 -0.171 0.109 | 1.000 | 0.203 | -0.363 = 0.999
TCF 0.134  0.134 -0.190 0.203 1.000  0.506 0.247
TBC 0.189 | 0.189 -0.646 -0.363  0.506 | 1.000 | -0.338
FS -0.166 -0.166 0.098 = 0.999 0.247 -0.338 1.000

(p-value) dslaay) Ayal .2

dilaay) AV 2 g (6) a2 Joas

ABlal) r p-value Ayl
TDS - EC 1.000 <0.001 Lilas) Jla
TDS - Nitrate 0.606 0.279 dh e
TDS - E. coli -0.171 0.783 dh e
TDS - TCF 0.134 0.830 dh e
TDS - TBC 0.189 0.761 dh e
TDS - FS -0.166 0.790 dh e
Nitrate - TBC -0.646 0.239 dh e
E. coli - FS 0.999 <0.001 Lilas) Jis
TCF - TBC 0.506 0.384 Jh e

Liase Wl G (EC) 5 (TDS) o Bl of ¢ysen Bl Jalas il el
Jrasill Halud) sliie¥) 55 Lea (P < 0.001 «r = 1.000) Lilas) Yias Sl
Gn o JalS d Cage b)) aag LS LA L9 SO 585 e Sl
Oleay (i3l S ¢ e Ju s (P < 0.001 «r = 0.999)FS  E. coll
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(TDS) 2l 830 Zobeall Mgl oy Linse Ualiily il cushill Tasls Thaas
Lilas) ANV @ld (&5 Al Loy V) e lbes A3 Wl (= 0.606) <ljills

oy A 51 (Ol dused) Al pas jra ) Ll clld g3 (P > 0.05)
Aigal) Gl e el e Adlas) 5yl

o «Ogmm Bl Jiat Lo Yy ¢ Slaa) dilaill il of ) HLEY) s
CHLaRO dilas ) Beall (8 5ig 8 Le gag Auall ana duagoad Bl jian Lt
asly 2 DAY ASskas Lugyaall HUYI o ) Gl dgang ol V) D lales ANV
Oe 3n s cclipall aned GBI (e Badlge o Jseand) & Slisea Sl
dalid) WYY Jladl (g a8 @lld mag Al L oSal ) LY 2
Bags auiil Laga Wl Diige ilial) aedy eyl dalaial Guslia Wila Slitas (3 Ly
g yaal) Clpdgall Ga clEBlall Lalal) cilalas¥) paaty Ldgal) sball

FSlSl asisng gl alail) e clislal) JUi) Ad]

(ObAY () dilaslls il bglall 0da Ley cilalas Al 4Ky jugl) 2041 agdl
OsSia Ldgad) dzhaial) i sl 4828005 A glsan g y2gl) paibiadd) ) kil
sl Dlals (gl saal) Hsia e Lulad el dalaie 8 olaall dalal) o330
[25](33535 3yY1) g€l daylal)

GlBRdy gyl Clhas (Oligd @lgl Hlinil Sl agleall alaill a e
Bale Jass Al Adal) dlo )l o) dvidall cilwaal) dgasl Jid dagides daia A2
sba ([23]cliglall aslony (Sl anle FUS (Y] Lugul LAY
216.58 &l drusld dalise Jhais 3 (S0 A, 8 dreniall aall Gyl
iy ) Apanlly Londacdl elasedl HUYY CVT (o & petial) Aadlall sliall i T3S0
Gy LWSlg e Jalis (bl i) (e Slpdadl paldall Ll oS Lele
Lisall LY clag ) Bdlug B Glgi ey Adle A0 08 A
L€ gl gen 2810 Alana Linglons Ly 3550l olual) 38 Juai (Wellheads)
Lee camnde 4013 duda dilae (6 aads o (g9 llly Cilayollly Aslually
hadl) plpad) e Cus dapdall Clisall (8 geayally aadsll S50 8 s
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Glilud @l Sl Ja e asymty il oda Jia & (Preferentiall Flow)

dadal

ool A Ay paall dsadll HLYI 3 Badsal) oball Baga of ) Al ceals
Graall DG giasdle (A i Linslong Siay Lilaisym Jalse Jalm jiln
)l oncaall paall Adlasl) gl (e yslat il caelad 3 bl
LS ey (8 Lay QLYY (e 220 (g pSaall il Aaialy lydige dea) il
o) oda 251y . Augaall ol oSallg A4Sl culuiglgally Escherichia coli (E. coli)
>olme ol (ShaSspuell el (o gand dsd deay ey Gul duedl
sy Ude Wlul Aahall jig WS cddsall bl sagn oo e Suall CaiSll
las e 2ally ¢ sall Ghal dilea] dawlia Clelpn) puny 4 LA 330
pailadll @y ahldly el dbse & Al lsad) By Ceats il
Agaliall danslorns ygl)

dyal) 2

AilaSy gl sl lage Wl Lawin consd il o3a il of e a2l e
@t A 39l e daal mads Ll gz pal) Aras dudsall oliall dunglons Saally
i dabsa Ul Guad Ao dahpall oyl 38 LSkl i vie i) b sl
Lblga o Joeanl) Lisra ) Lo clld gag cAuahll didaie Ja1s 5)lide adlse
Al aas a2l e 3a Lee el Cad Lalad) Y1 Glaal ey
oS Y 38 A Y1 Basly diie) 558 DA Cimed e e Al cadie) LS
loae Bbiadd) bl Jadi ol (oeash A Lobuall Basa (8 passsall iyl
Lot ety Loy el Jpomdll Jaith dysd 2em) gealy 20 ga ¢ SLY) (g L]
Adgall sl 53gn (b Lailajlly Aol cyusill Yoas S|
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