
HYDROGEOCHEMICAL 
CHARACTERIZATION OF GLACIAL-FED 
SURFACE WATER RESOURCES IN THE 
CATCHMENT AREAS OF UPPER INDUS 

BASIN 

I LAMABAO 

by 

AMMAR YASIR 

M.PhiL Hydrogeology 

Department of Earth Sciences 
Quaid-I-Azaln University, Islamabad 

2023 



CERTIFICATE 

It is certified that Mr. Ammar Yasir S/o Haji Ali Madad (Registration No. 
02112013006) carried out the work contained in this disseliation under my supervision and 
accepted in its present form by Department of Ealih Sciences as satisfying the requirements for 
the award of M.Phil Degree in Hydrogeology. 

RECOMMENDED BY 

Dr. Faisal Rehman 
Assistant Professor/Supervisor 

Dr. Aftab Alam 
External Examiner 

Dr. Aamir Ali 
Chairperson 

DEP ARTMENT OF EARTH SCIENCES 

QUAID-I-AZAM UNIVERSITY 

ISLAMABAD 



ACKNOWLEDGMENTS 

All pra ise and gratitude are due to the omn ipotent Allah, who bestowed upon 

me the enli ghtenment and fortitude to compl ete my research ob li gations. A ll respect to 

holly prophet Hazrat Muhammad (P.B.U.H.), the last prophet and idea l role model 

for mankind. 

My research adviser and mentor, Dr Faisal Rehman has my utmost respect and 

apprec iation for hi s extensive mentoring and oversight of my M.Phi!. di ssertation. He 

has been a consistent source of inspiration and enthusiastic support. I am privi leged to 

thank his superv is ion s ince T was able to comp lete my thesis because of hi s kind 

benevo lence and expert guidance. 

I am unable to adequate ly communicate my appreciation to my fami ly members. I want 

to convey my appreciation to my parents., whose love and advice have accompanied 

m e in all my endeavors ane! w herever T am in the globe. They are the most exemplary 

rol e models and my most devoted mentors. 

I am grateful to the department of earth sc iences, QAU for enabling me to pursue my 

Master's degree. Special thanks to Dr Abbas Naseem department of Earth Sc iences 

QAU for support and help tlu'oughout. 

AMMAR YASIR 



IV 

ABSTRACT 

The current study focuses to examine the Phys io-chemical parameters of the 

glacially-fed water resources in the elevated areas of Gilgi t-Baltistan , Pakistan. The 

glaciall y fed streams are the primary source for drinking and ilTi gation in the entire 

region. The evaluation of quality of such streams is particul arly important because it 

helps to understand the geochemical processes that take part in changing the 

geochemistry of water on a regional basis. In this research work, total 40 water sampl es 

fro m different glacier-fed streams were obta ined following the standard practices. The 

in-situ testing of all the field samples were carried for temperature, pH, TDS, and 

Conductiv ity by using different apparatuses. Later, the water samples were brought to 

the laboratory to perform the other major geochemica l tests for characteri za tion 

following stand ard procedures. The tests data of the geochemical parameters for all the 

water samples co ll ected from the study region was tabulated and the variation in the 

physic-chemica l parameters including Conductivity, Turbidity, pH, TDS, Hardness, 

Ca2+, K+, Mg2+, Na+, Cl- , S04- , NO}-, Pb, Cd, Cu, Zn, Fe, Mn, As, Cr and Hg was 

measured and analyzed their fitness for drinking and irrigation . To meet th e study 

objectives different hydro-chemical and hydro-geostatistica l analyses including WQI , 

HPI, Gibbs Plot, Piper Plot, Ionic ratios and irrigation suitability water quality data were 

compared to WHO's worldwide water quality standards. The water quality of the shldy 

area is classified as excellent (50%), good (32.5%), and medium (17 .5%) based on WQI 

values. Heavy metal pollution index (HPT) values are found far below the critical 

values , indicating safe for human consumption in terms of heavy metal pollution. 

Furthermore, the study found water quality was found sui tab le for irrigation purposes 

in tenTlS of all irrigation quality parameters. According to Gibbs plot and ionic ratios, 

rock weathering is dominant especially carbonate weathering with li ttl e contribution of 
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s ili cate rocks in controll ing the water chemistry. P iper plot for study area also revealed 

carbon ate rocks as dominant geochemica l facies and class ifi ed the water types as Ca-

HC03, Mixed Ca-Mg-Cl, Ca-CI, and Ca-Na-HC03 type. 



Vl 

Table of Contents 

ACKNOWLEDGMENTS .. .................. ..... ...... .... .... .................... ...... ... .. ......... ....... .. ... III 

ABSTRACT ... .... .. ... .... ... ...... .. ........... ... ... ........ .... ... .......... .. ... ........... ... ... ........ .. .. ....... ... IV 

LTST OF FIGURES ................ .. ... ... ... ................ ... .... ... ........ ...... ..... ........ .. .. ... .. .. ..... ...... X 

LIST OF TABLES ... ........ .. ..... .... .... ......... .... ... ....... .... ..... ..... ...... ... ..... ....... ... ... .... ...... . Xli 

NOMENCLATURE .... .. ..... ...... .. ... ..... ... .. ..... .. ............. .. ...... .... ...... ... .... ............. .. ..... Xlll 

1 INTRODUCTION ..... .................... .... .. ..... ... .. ...... ........ ..... .. ............... ... ............ 14 

1.1 BACKGROUND ....... ..... ..... ..... ........ .. ........... ... ... ... ...... .. ...... ..... .. ...... .. ....... ... 14 

1.2 PROBLEM STATEMENT .. ........ ........... .. .. .. .............. ........ ..... ... ... ...... ......... 18 

1.3 RESEARCH OBJECTIVES .. .. .. .... .. ..... .... ....... .... ..... ... ... .. ..... ... .... .. ....... ...... . 18 

1.4 THESIS STRUCTURE ..... .. ..... .. ....... .. .. ...... ... .. ....... .... ..... ......... .... ... ...... .. .. ... 19 

2 LITERATURE REVIEW .................. ....... ... ... ... ..... .... ... ... ........ ........ ..... ........ ....... 21 

3 STUDY AREA .... .. ...... .. ...... .. ............................ ... .... ... ....... ...... .......... .. .... ............ 28 

3.1 GILGIT RIVER BASIN ........ ......... .. ........ .... .... ........ ... ...... ... .. ........ ..... ... ....... 29 

3.2 CLIMATE OF THE AREA ................. ... ...... ............... .. ......... .... .... ... .... .. ..... 30 

4 RESEARCH METHODOLOGy ...... ............... ....... ... .............. ... .. ............. .......... 32 

4. I FTELD WORK .. .. ....... .... ... .............. .... ............. .. .. ........... ............ ..... .. .... ... ... . 32 

4. 1.1 Water Sampling ....... .. .... .. ............ .. ...... .. ....... .... ....... ..... .. ........... .. ..... .. ... 32 

4.2 DETERMINATION OF PHYSICAL PARAMETERS ... .. .. ... ..... .... .... ... .. .... 32 

4.2. 1 D etellnination of Temperature .. .......... ....... ... ... ...... ....... ..... .... .. ... ..... ... ... 32 

4.2 .2 Determination of pH ......... ... ... .. ....... .. ..... ...... ......... ...... ... ... ... .... ..... ... ..... 33 

4.2.3 Determination of E lectric conductivity ....... ....... .. ...... ... ..... ...... ....... ..... .. 33 

4.2.4 Determination of turbidity ... .......... ........... ..... .... .. .. ............ .............. ... .. . 33 

4.2 .5 Oetemlination of Tota l D issolved So lids (TOS) .............. ............ ... ...... 33 

4 .3 DETERMINATION OF CHEMICAL PARAMETERS ..... ......... ............... . 34 



VII 

4.4 DETERMINATION OF AN lONS ..................... .... .. .. .... .. ......................... ... 34 

4.4.1 Chlori de (Cn ................. .... .... ..... ... ........... ....... ........... ...... .... ....... .... ... .. . 34 

4.4.2 Sulfate (S042
-) ....... .. .. . ...... .. ..... .. .. . ... . ... .. .... .... ........ . ......... .............. . ..... . .. 35 

4.4 .3 Phosphate (P04-) .............. .. ................ .. ....... ... .. .... .... ....................... ....... 35 

4.4.4 N itrate (N03-) .... .... ..... ... ............ ....... .... ... .. ... ... ..... .... .. .... ... ... ... .... ... ........ 36 

4.4.5 Ca rbonate (C03-) and Bicarbonate (HC03-) ... .. ... .. .... .. ..... ... .... .. .. .... .... .. 36 

4.5 DETERMIN ATION OF CATIONS .. .. .... ........ ....................... .. .. .. .... .. .......... 37 

4.5. 1 Sodium and Potassium ..... .... .. .. .. .... .. ... ...... ......... ..... ........ .. .. .. ...... ...... .. ... 37 

4.5.2 Ca lcium and Magnesiu m .................... .. ..... .... ...... .. ..... ... ................ .. .. .... 37 

4.5 .3 Hardness ... .... .. .. .. ... ..... .... .. ..... ....... .. ....... ...... .. ....... .. .. .. .. .. .. ... .. .......... .. .... . 38 

4.6 DETERMINATION OF HEAVY METALS ..... ..... ... .... ... ............................ 39 

4.7 ANAL YS rS AND EV ALUA TION ....... .... ... .. .. .. .. .... .... .... ... .... .. ....... ........... .40 

4.7. 1 Hydro-Geochemica l Ana lys is ....... .. ..... .... .............................................. 4 l 

5 RESULTS AND DISCUSSIONS ........ ... .. .. ...... .. .. .. .. .......... ..... ........ ..... .... .. .. ...... .42 

5.1 WATER CHEMISTRY ......... .. ...... .. .. .... .... .... ..... ... .. .. ........... ... ... .... ......... .. 42 

5.2 WATER CHEMISTRY OF THE UNDER-STUDY REGION ........ .... ........ 43 

5.3 ION CHARGE BALANCE ERROR .......... ... ...... .. .......... .... ........................ .43 

5.4 CHARACTERIZATION OF TNDUVTDUAL HYDRO-GEOCHEMICAL 

P AMMETERS ........ ................ ......... .. .............. .. .. .. ... .. .. .... .... .... ......... .. ... ...... ...... ... 44 

5.4 .1 pI-I. ....... ........ ... ... .... .. .... ....... .... ....... .. .... ........ ..... ... .. ..... ... .............. ... ........ 45 

5.4 .2 Turbidity ....... ... ... .... ... .......... ... .... .... .... .. ..... ... ..... .... ... ..... ... ......... ........... . 46 

5.4.3 Total D issolved Solid (TDS) .. .. ..... ...... .. ..... .. .. .. ... .. ........... ..... ........... .... .47 

5.4.4 Electri c Conductivity .... .. .... ......... ........ .. .. ..... ......... .. ...... ..... ..... ... ... ...... .. 48 

5.4.5 Total Hardness .. ..... ... .. .. .. .... ........... ... ..... .... .. ............ .. ...... .. ......... .. ...... ... 49 

5.5 CATIONS ........ .. .. ... ..... ... ..... ............ .... ... .. ... ...... .. .. .. .. .. ..... .. .... .... .... ...... ....... .. 50 



V III 

5 .5. 1 Sod ium (Na2+) ...... ... ... ...... .. ... .. ... ... ... ...... ........ .... ........ ....... ... .... ..... ... ...... 50 

5.5.2 Potassium (K+) ...... .. ...... .. .... ........... ... ............... ..... .................. ............... 51 

5.5.3 Ca lcium (Ca2+) ....... ... .. ... ..... .... ..... ............... .... ...... ..................... ............ 52 

5.5.4 Magnesium (Mg2+) ....... ...... ... ................ .. ........ ... ... ... ..... ..... .. ........ .. ... ..... 52 

5.6 ANIONS ... ....... ..... .. ..... ... ...... .. ...... ...... ...... .. .. ... .. ..... ..... ..... ..... ... ............. ........ 53 

5.6. 1 Chloride (Cn .. .................. .. .... .. ..... .. .. .............. ..... .. .......... ...... ........ ....... 53 

5.6.2 Bicarbonate (HC0 3 -) ......... .... .. .... .... .. ................. .. .......... .. .. ....... .. ... ........ 56 

5.6.3 Nih'ate (N03-) ...... ..... ... .... ... ... ........ ...... ... ............. ....... ......... .. .... ............. 57 

5.6.4 Sulfate (S042
-) . ... . .. ... ...... .. ... . . .. . .. .. .... ....... .. ...... . . .. .. ...... . ....... .. .. .. . .. .. . ....... 58 

5.6.5 Phosphate (P042
-) .... . .... . ...... .. ... . .. . ... ...... .. ............................................... 59 

5.7 EVALUATION OF WATER QUALITY ... .. ....................... .......... .. ............ .... . 64 

5.7. 1 Water Quality Tndex (WQT) ...... ... .... ........ ... ...... .. .......... .... .... ............... ......... 64 

5.7.2 Heavy Metal Pollution Index (HP I) ......... ... ............. .... ............ .... .......... ... .. 69 

5.8 WATER QUALITY ASSESSMENT FOR IRRIGATION PURPOSES ... ... .. .. 72 

5.8. 1 Sodium Absorpt ion Ratio (SAR) .. .... ...... .. .... .......... .. .... ....................... .. 72 

5.8.2 Residua l Sodium Carbonate .. ........ .. ...... ........ .. .... ...... .. ... .................... .. .. 73 

5.8.3 Magnes ium Hazard (MH) ...... .. ...... ........ .. ... .... .. .... .. ...... .... .. .... .... ........... 74 

5.8.4 Sod ium Percentage (Na%) .......... .... .. ... .. ..... .. ...... .. ...... .. .. .... ...... .. ........... 75 

5.8 .5 Permeabili ty Index (PI) ........... .. ......... ............. ................................... .... 75 

5.9 THOSE REPORTED IN LITERATURE .... .. .. ...... .. ...... .. .. .... ........ .. ... .. .. ...... 77 

5. 10 HYDRO-GEOCHEMICAL PROCESSES ................ .. ................... .. ......... 81 

5.10.1 Gibs Plot .... .. .................. ...... ...................... .. .... .. .. .... .... ........ .... .. ...... ....... 81 

5. 11 CHARACTERIZATION OF GEOCHEMICAL FACIES AND HYDRO 

CHEMICAL WATER TyPES .......... ........ .... .. ....... .... .. .. ...... .... ...... ... ............ .... .. .... 83 

5. 1 1.1 Piper Graph ica l Plot.. .... .. ............ ....... .. ... ........ .. ........ ...... .. .. ... ............ .. .. 83 



IX 

5. l2 TONTC RATIOS ... ... ........ ..... ... .. .... ... .... ...... .. ..... .. .. .... .. .... ........ .... ....... ... ..... 86 

6 CONCLUSION ...... .... .. ...... .... ..... ...... .... ..... ......... ...... ..... ........... ... ..... ... ... ..... .. .. .... 90 

7 RECOMMENDATIONS ....................... .......... ........ .. ...... .. ....... ........... .. .. .... ........ 92 

BIBLIOGRAPHy .. .. ... ... ....... .. ...... .. ........ .. ..... .................. .. .. ...... ....... .. ... .. .. .... .. ............ 93 

APPENDIX .......... .. ............... ..... .. ...... ....... .. .. ... .. ......... .. .... ...... ...... ..... .. ... .. ....... ... ...... . 104 

VTTA .. .... ....... .. ..... .... .. ...... .. ........ ...... .. .. ... ....... ... ... ............. ....... ... .... ............ ......... .. .. .. 105 



x 

LIST OF FIGURES 

F ig 3.1 Sampling Locations of the Study Area .... ................................. ....... .......... ..... 29 

Fig 5. 1 Graph of pH for the Monitored Va lues of Physiochemical Parameters and 

Their Compari son with WHO limi ts ..... .... ............. ... ............. ... .... ...... .................. .. ... .. 46 

Fig 5. 2 Graph of Turb id ity for the Monitored Va lues of Physiochemica l Parameters 

and Their Comparison w ith WHO limits ................ ... .... .. .. .... .... .. .. .. ... ....... ... ........... .... 47 

F ig 5. 3 Graph of TDS for the Mon ito red Values of Phys iochemi ca l Parameters and 

T he ir Compari son with WHO limits ........ .. ..... ... .............. ..... .......................... ....... .... .. 48 

Fig 5. 4 Graph of Conductivity for the Mon itored Va lues of Physiochem ica l Pa rameters 

and The ir Compari son with WHO li mits .... .... ............ .. ...... .. .............. .. ...................... .49 

Fig 5. 5 Graphs of Hardness fo r the Monitored Values of Physiochemi ca l Parameters 

in Contrast to the WHO's recommended leve ls ...... .. ..... ............ ... .................... .. ... ...... 50 

F ig 5. 6 Graph of Sod ium (Na2+) for the Monitored Values of Physiochemica l 

Parameters in Contrast to the WHO's recommended levels ................................ .... .. .. 51 

Fig 5. 7 Graph of Potass ium (K+) for the Monitored Values of Phys iochemical 

Parameters in Contrast to the WHO's recommend ed levels .. ... ... .. .... .. ........................ 5 I 

Fig 5. 8 Graph of Ca lcium (Ca2
+) for the Mon itored Va lues of Phys iochemi ca l 

Parameters in Contrast to the WHO's recommended levels .. ..... .......... .. ..... .... .. ....... ... 52 

Fig 5. 9 Graph of Magnes ium (Mg2+) for the Monitored Values of Phys iochemi cal 

Parameters in Contrast to the WHO's recommended levels ........... ... ........ ......... .. .. .... . 53 

F ig 5. 10 Graph of Chl oride (en for the Monitored Values of Physiochemi ca l 

Parameters in ContTast to the WHO's recommend ed levels ....... ............. .. ...... ............ 54 

Fig 5. 11 Graph of Bicarbonate (HCO)-) for the Monitored Values of Physiochemi cal 

Parameters in Contrast to the WHO's recom mended levels ...................... .................. 56 



Xl 

F ig 5. 12 Graph of N itrate (N03-) for the Monitored Va lues of Physiochemi ca l 

Parameters in Contrast to the WHO's recommended levels .............. ...... .. ... ........ ...... . 57 

F ig 5. 13 Graph of Sulfate (S042
-l fo r the Monitored Values of Physiochemi ca l 

Parameters in Contrast to the WHO's recommended levels .. .... .. ...... .... ........... ... .. ...... 58 

F ig 5. 14 Graph of Phosphate (P042
-) for the Mon itored Values of Phys iochemi ca l 

Parameters in Contrast to the WHO's recommended level s .... .... ... .... ..... ..... .... .. ........ . 59 

Fig 5. 15 G raphs fo r the Monitored Values of Physiochemical Parameters in Contrast 

to the WHO's recommended levels, (A) Cd, (B) Pb, (C) Zn, (D) Fe, (E) Mn, (F) As, (G) 

Cr and (II) l-lg . ... ...... ...... ....... .. .... ............ .......... ... ..... .. ..... ... .... .... ... .... ... ......... .. ............ 61 

Fig 5. 16 The Water Quali ty Index Va lue of the W ater Samples using GIS Map ....... 68 

Fig 5. 17 Graph of The W ater Qua lity Index Value of the Water Samples ............. .. .. 68 

F ig 5. 18 Heavy Metal Pollution (HPT) Values for the Co ll ected Water Sampl es ...... 7 1 

Fig 5 . 19 Physica l Properties of the Water Sampl es Compared to those in Publi shed 

Research ..... .. .. ... .. .......... ... .... .... .................. ............ .. ... .................. .. ..... ...... .. .......... .... .. 78 

Fig 5. 20 Chemical Characteristics of the Water Samples Compared to T hose in 

Published Research ............... ..... .. .. ... ...... ... .. ........... ..... .... ........................ .. ............ ...... 79 

F ig 5. 2 1 H eavy metals of the water sampl es compared to those in published research . 

.. .... .............. ....... ........ .. ........ .. ....... .... ... ...... .. ... .. .............. .... ....... .... .... .. ..... .. ... ... ... .... ..... 80 

F ig 5. 22 Gibs Plot Show ing (a) TDS vs Na+lNa+ + Ca2+, (b) TDS vs CI -/CI -+ HC0 3-

Showing Dominance of Rock Weathering ..... .. ..... ... ...... ...... .. .. ..... .. .... .. .. .... ... ..... ....... . 83 

F ig 5. 23 Piper Diagram for Surface Water of the Study Region ... ...... ............... ... ..... 85 

Fig 5. 24 Scatter Plots Showi ng the Variability in Ionic Concentrations of W ater 

Salnples .............. .. .................. ... .. ..... .... ......... .. ..... .... ... ..... ..... ......... ....... .... .... .. ... ........ .. 88 



XII 

LIST OF TABLES 

Table 4.1 List of Equipment Used in F ield for the Measurement of Physio-Chemical 

Paranleters ....... ......... .. ........... ... ... ............... .. .... ... ....... .... .. ... .. .... ........... ....... .. .. .... ....... .. 34 

Tab le 4 .2 Li st of Laboratory Methods Used in Measurement of Anions and Cati ons 39 

Tabl e 4.3 List of Laboratory Methods Uti li ze for th e Measurement of Concentration of 

Heavy Metals for Coll ected Water Samples .. ... ............ .. ............ .. .. ....... .............. .. .. .... 40 

Tab le 5.1 Values of Phys iochemica l Parameters in Water Samples, Co mpared to 

Standard Acceptable Ranges ....... ................ ..... .. .... ... .. .... .. ... ... .. ........ ... ... .. ... .. ............. . 55 

Table 5.2 I-Tydrogeochemical parameters of individual water sampl e and their 

concentration in the study area ... ..... .. .. ......... ............ .. .. ................ .... ............ .. ........... .. 62 

Table 5.3 Heavy metal concentration in ( ~lg/L) for indi vidual wate r samp le of the study 

area ...... ... ... .... .... ........ ...... ................... ..... .... ......... ..... ... .... .. ... .... .... .... ... .... .... ........ ........ 63 

Table 5. 4 Relative Weight of Physic-Chemical Parameters ............. .. .. .. .................... 66 

Table 5. 5 Categorization of water quality status based on WQI va lue (after Adima lla 

et al ., 201 9) ...... .......... .... .. ...... ........ ....... ... .. ... ... ... ........ .. ... ..... .. .. .. ....... .. ... ....... ... .... ....... 67 

Tabl e 5.6 Parameters for HMs in surface waters based on (Wl-TO, 2017) 

recommendations for potab le water ......... ...... .. ...... ................... .. .. .. ................ .. ..... .. .... 7 1 

Tab le 5.7 Ca lculated Irri gation Water Quality Indices for the Region .... .. ...... ..... ...... . 76 

Table 5.8 Suitability of Surface Water [or Irrigation Based on Various Class ifi cations 

... ........ ... ... ....... .... ... ...... ......... ........ ....... ... ...... ..... ............. .... .. ... ... .. .. ...... .. ..... ... ..... .... ... .. 77 



XIII 

NOMENCLATURE 

Symbol Description 

EC Electric Conductivity 

GIS Geographic Information System 

HMs Heavy Meta ls 

HPI Heavy Metal Pollution Index 

TCBE Ton Charge Balance E rror 

LIB Lower lndus Basin 

MH Magnesium Hazard 

PI Permeability Index 

RSC Residual Sodiulll Ca rbonate 

SAR Sodium Absorption Ratio 

TDS Total Di ssolved Salts 

TH Total Hardness 

UIB Upper Indus Basin 

WHO World Health Organi zation 

WQC Water Quality Class 

WQl Water Quality Index 



14 

1 INTRODUCTION 

1.1 BACKGROUND 

Water is the most common and abundant substance on the planet earth. Fres h 

water makes up on ly 2.53% of the total, with the rest being salt water. Glac iers w ith 

permanent snow cover store around a third of the world's water. The remaining 

freshwater is spread regiona ll y. The Earth, with its numerou s and abundant li v ing 

fo rm s, including nearly s ix billion humans, is fac ing many soc ial, economic and natural 

resource c ri ses. The water crisis (qua ntity and quality) is at the heart of bum an surv ival, 

as well as the surviva l of our p lanet (UN WWAP, 2003). This issue wi ll get more 

complicated in the future as a result of climate change, which promotes g lacier melting, 

and an intensiflcation of the water cycle, whi ch may result in more flood s and droughts. 

(Huntington, 2006). All indicators indicate that it is worsen ing and w ill continue to 

worsen unless immediate action is taken . When we talk about water quality, we're 

talking about its physical, chemical , and biological parameters based on the standards 

of its usage. Degradation of water occurs primarily as a result of changes in its quality 

parameters beyond natural variability caused by the addit ion or removal of var ious 

substances. The two most influential process which affect wate r quality are human 

activities (or "anthropogenic" effect) and geogeni c processes (natural processes). T hi s 

inc ludes the water's orig in , the amount of evapo ration that took place, the rocks and 

minera ls that it came into contact with (i.e., the geologica l and mineralog ica l properties 

of the watershed) , the occurrence of geological events, the water's ve loc ity and the 

direction in which it was exposed to reactive elements, and the amollnt of time that it 

spent in contact with those elements. Water qua li ty is affected by a variety of external 

pollu tion sources, including those used in agricul ture, indush'y, and the household 

(D inka et aI., 20 15). 
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The most significant factors leading to un anti cipated, terrible, and dangerous 

outcomes are those with an anthropogenic distribution. These inc lude the release of 

sewage into rivers , the use of unsu itab le landfi lls, the transformation of land, and the 

impact of air deposition on global warming (Shabbir & Ahmad, 20 15) . Since water 

quality has a direct impact on all forms of life, scienti sts have been paying more 

attent ion to it in recent years (Kavurmaci & Ustlin , 20 16) . Water co ntaminated by 

sewage pipes is not fit for human consumption and can't be used in food producti on, 

manufacturing, or any number of other applicati ons. It is critical for human societies to 

have access to clean and fresh water, but environmenta l degradation is threatening the 

quality ofland's water supplies (Ten'ado et a!. , 2010). Industrial and urban wastewaters, 

together with agricultural runoff, are major contributors to the pollution of surface water 

bodies. Because of the importance of understanding the hydro-morphological, hydro­

chemical, and hydrobio logical features of these water sources, an effective, long-last ing 

sys tem is required. Surface water quality estimate assessment, based on the use of 

standardized rules and reconunendations provided by the appropriate authorities, may 

help keep tabs on other significant shifts, such as regional and temporal va riations. 

As much as human act ivity affects water quality, geogeni c elements (such as 

water-rock interaction) are just as important. Most people think of sewage or industri al 

waste matter running out of a discharge pipe when they hear the term "water pollution," 

and it' s true that many toxic compounds are introduced into water systems as a result of . 

bUlnan activity. The contact between rocks and water may also liberate minerals and 

metals, which can then be carri ed by runoff into lakes, rivers , or leach into ground 

aquifers, contam inating those bodies of water (William et aI. , 2005). Overall water 

quality is s ignificantly impacted by the region's geo logical setting . The dominating rock 

format ions in a reg ion often dictate the physiochemical condi tions of surface and 

underground waters. Water qu ali ty va ries greatly across time and space as a result of 
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the di sso lv ing of different mineral s from diverse rock formation s, which has serious 

consequences for human health and the environment. Additiona lly, it is now well 

accepted that weathering of a ltered zones in va riou s geological units is a crucial process 

influencing the properti es of water supplies. This process is a lso to blame for the many 

health problems experienced by local co mmuniti es that rely on these water sources for 

drinking, household , and agricu ltural use. 

In earth 's crust many nahlrally OCCU1Tll1g metals are found, and their 

composition vanes by loca tion, resulting in spatial differences in concentrations 

(Khan, et aI. , 2019; Khlifi & Hamza-Chaffa i, 2010) . On the basis of resea rched related 

activ iti es and technology, heavy metal s caused a seriou s change in geochemica l 

processes. A number of harmful effects on hum an hea lth may res ult from the slow but 

steady accumul ati on of these heavy meta ls in pl ant ti ssue. Heavy metal concentrations 

in drinking water still regularly exceed guidelines established by regulatory agencies in 

many countries, despite the rapid development of new teclmologies. The public and 

medical community are increasing ly worried about the presence of heavy metals 

in c luding chromium, cadmium, nickel, lead, arseni c, zinc, and mercury in the ir drinking 

water (Rehman et a1., 201 8). The accumu lation of heavy metal s like lead, mercury, and 

arsenic in the body over time is known to have nega tive hea lth effects. T here are several 

ways in which heavy metals may enter the body, including via inges tion (ea ting 

contaminated food) , inhalation (breath ing polluted water or air), and skin contact. 

Ground and surface water in Pakistan have been found to contain heavy metals li ke 

cadmium , arsenic, lead, and mercury (Rehman Qaisar et aI. , 201 8). This necess itates a 

study of the threats posed by heavy metals to potabl e water suppli es. Accurate 

predic tions of exposure concentrations and chemical intakes are an important e lement 

of this process, as are the characteri zation of physica l settings, the id entifica tion of 

poss ible exposure popUlations and routes, and the predic tion of exposure 
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concentration s. There are serious health ri sks assoc iated with exposure to heavy metal s, 

and the symptoms experi enced are quite va riab le. 

Assess ing water quality is a standard practice 111 the study, planning, and 

adm ini stration of water suppli es. Rapid urbani zation , industri alization , and agri cultural 

activities a ll contribute to a rise in the risk of so il and water contami nation, making this 

an increasing ly press ing issue. For reasons including but not limited to public hea lth 

(drinking or domestic use), agri culture, industry, fi shing, recrea tion , tourism, and the 

protection of aq uati c ecosystems, water quality monitoring is essentia l. Understanding 

the water quality condition and the processes influencing water quality is crucial for 

Integrated Water Resource Management (rWRM) activities w ithin the watershed 

(Dinka et aI. , 20] 5; R . N. Tiwari , 2011) . 

The northern parts of Pakistan rely on water from glaciers, springs, lakes, and 

ponds to provide their most basic requirements. Most of the lakes are at an e levation of 

2 133.59 m above sea level, making them what are known as hi gh-altitude glacier lakes 

(H. Khan & Baig, 2017) . Sea levels fluctuate throughout time and space owing to 

fac tors like so il erosion , wind tide, g lacia l impact, and other natural catastrophes, thus 

we assumed height in respect to the surrounding lowland, w hich is of course 

changeable, or eleva tion in reference to the land, which is potentially deceptive. The 

primary environm ental difference between high alti tude and lowland ecosystems is 

he ight, which is characterized by cold temperatures, sn ow peaks, glacial lakes, alpine 

vegetation, and unique hi gh-altitude biodiversity (Mani , 1986) . It' s safe to assume that 

the glac iers that flood the alpine lakes in G ilg it and its five adj acent regions are located 

at rather high elevations (It11rrizaga, 2005). The downstream funning water from these 

lakes is used as drinking water as well as for irri ga tion purpose by the peopl e. Without 

any app ropriate mechani sm, people exploit th ese lakes for their soc ioeconomic 
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benefits. Consequ ently, the water in these natural waterways is polluted by a variety of 

naturally occurring and man-made pollutants. 

1.2 PROBLEM STATEMENT 

Tn the northe rn regions of Pakistan, glac iers, lakes, springs, and ponds are the 

primary and most reli ab le sources of water. The peop le of Gilgit Baltistan rely on these 

hi gh-altitude glac iers and lakes for their socio-economic requirements. Water for 

drinking and agricultural is provided by these sources . It is reported that, the water of 

the g lacia l streams and ri vers in the region is conta minated as a resul t of fau lty landfill 

sys tems and management, as well as a lack of environmental awareness among the loca l 

res idents and visitors. Because of this, most of the water sources in these areas have 

seen a decline in quality and are now a potential source of water-borne diseases. No 

detailed studies on the water of glac ial fed streams of G ilgit Balti stan have ever been 

co nducted regarding characterization of physio-chemica l and beavy meta ls 

contaminat ion. Therefore, present study is supposed to investi gate the suitab ility of 

these g lacially fed strea m waters for both drinking and agricu ltural purposes. In this 

regard di fferen t hydro-chemical and hydro-geostat isti ca l analysis can be done by lIs ing 

various stati stica l approaches. 

1.3 RESEARCH OBJECTIVES 

1. To analyze water sampl es from several N ullahs, ri vers, and springs in Gilgit 

Balti stan to ca lcu late the levels of va ri oLls physiochemical parameters and to 

compare these results to World Health Orga nization (WHO) guid elines. 

11. Determine the qua li ty status of the water samp les that have been ana lyzed and 

assign them a score using the water quality Index (WQI) method. 
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111. Determine the concentrati on of heavy m eta l ions in contemp lated wa ter 

resource, es timate the ir spatial di stribution and assess their adverse effects on 

hum an hea lth. 

1.4 THESIS STRUCTURE 

The thesis consists of seven chapters. A brief detail of each chapter is given below; 

• Chapter 1 depicts an overview of water resources and their degrada ti on in 

terms of geogeni c and anthropogeni c impacts. It also enlightens the eva luati on 

of water quality for human consumpti on in term s of its phys io-chemi cal 

parameters. 

• Chapter 2 gives a deta il ed literature and meth odologies adopted for water 

quality evaluation studies and geochemical characteri zation of surface and 

underground water resources around the g lobe. 

• Chapter 3 provides deta il s about the geographic locati on, cli mate, wate r 

resources and sampling locati ons of the study area. 

• Chapter 4 includes detail ed di scussion of methodology adop ted for the study. 

It includes the fi eld and labora tory testing ofphys io-chemica l parameters of the 

collected water sampl es. Thi s chapter represents information about the 

equipment used and laboratory tes ting methods to determine the concentration 

of phys io-chemi cal parameters of the sa mpl es. 

• Chapter 5 di scusses in depth the geo-chemi cal and geo-stati sti cal analysis that 

was used to the water quality index (WQI) in order to determine its suitability 

fo r human consumption and water quali ty parameters fo r irr igati on in the 

research area. Geochemi ca l mechani sms that regul ate the water chemistry of a 

w hole area are also identi fied. The Gibbs plot, Piper plot, and ionic ra ti os were 

used fo r this purpose. 

• Chapter 6 presents a brief conclusion of the resea rch work. 
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• Chapter 7 presents and proposes sugges tions and recommendations for the 

future work. 
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2 LITERATURE REVIEW 

In order to eva luate the quality of potable water and detect poss ible pollutants 

in a wide range of surface and subsurface water resources, researchers have used a wide 

array of methods and approaches. To have a comprehensive knowledge of th e e lements 

that contribu te to surface water and groundwater pollution , it is of the highest 

importance to characterize the source of the contam ination. Anthropogenic and natural 

processes may be the most s ignifi cant contributors to contamination of water bodi es . 

To explain the necess ity of undertaking th e current resea rch , a brief literature analys is 

of ana logous hydro-geochemical investigations done on simil ar types of surface and 

subsurface waters in Pakistan and other areas of the world has been rev iewed. 

Relunan Qaisar et a!. , 2018 conducted an in-depth study of the geochemical 

composition of water in the sub-catchment regions of Pakista n' s Lower Indus Basin 

(LIB) and Upper Indus Bas in (UIB) , including its geographica l va ri ance, source 

identification , and quality evaluation. They fo und that rRB has a pH that is much hi gher 

than the g lobal average, making it an alkaline substance. Wider TDS values were also 

detected in LIB , which had a hi gher standard dev iati on than g lobal mean values, 

pointing to semiar id c limates and increased human interference. T he primary ca tion and 

anion concentrations are as fo llows: Ca2+ > Na2 -t> M g2+ > K+ > Na+ and HCO)- > SO/ ­

> CI- > NO)-. In the sub-catchments, statis ti ca l ana lys is of ionic concentra tions revea ls 

a substantial positive co-relation between Ca2+ and S04-, M g2+ and S04- pairings , 

proving that sulphate mineral disso lution and pyrite oxidation are the most typ ica l 

sources ofS04-. T he NO)- and Ca2+, NO)- and Mg2+, and N03- and Na+ coupl es a ll have 

hi gh positive corre lations, accord ing to sta ti stics. T hey used the G ibbs plot to examine 

the water chemistry and control mechani sm in the ir invest igation. W eathering of rocks 

has a s ignificant impact on the !RB's water' s geochemi stry , with evaporites di ssolving 

making a modest contribution. To determ ine the current geo-chemi ca l fac ies, the Piper 
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tTilinear diagram, mi xing diagrams, and ionic ratios are also displayed. All of these 

figures illustrate that carbonate weathering is dominant in influencing the geochemistry 

of water in the lRB catchment regions, with varying degrees of sili cate weathering. 

From the standpoi nt of main ions, the water in the region meets the WHO permitted 

criteria for drinking, however fo r irrigatio n, the majority of the co llected water samples 

indicated excell ent and good levels, with on ly a few samples falling below permiss ibl e 

and dubious limits. 

S. Li & Zhang, 2008 investigated the geographi ca l di stributi on of key ion 

composition and their govern ing variables in the upper Han River basin of China's water 

geochemistry. The water in the basin is mildly alka line, with low TDS and minimal 

minerali zation, acco rding to the researchers. The geochem ica l and an thropogeni c 

processes were quantified using statistica l ana lysis of co-relation matrices and Principa l 

Component Analysis (PCA). This study found Ca2+ and Mg2+ as the 1110st conUl1Oll 

cations, whereas HC03- and S04- are the most common anions. There is a substantial 

correlation between EC and TDS. The co-relat ion between HC03-, Ca2+, and Mg2+ was 

li kewise positive. On ly Na+ and K+ have a cons iderable co-relatioll. The substantial 1 in k 

between EC, TDS, Ca2+, Mg2+, and HC03-2, which indicates carbonate weatheri ng, is 

demonstrated using PCA analysis. The nat1Jre ofN03-2 in the third component suggests 

human inpilts, mineralization, and atmospheric deposition , whereas the connection 

between Na2+, K I-, Cl-, and S04-2 in the second component indicates weathering of 

silicate and evaporites minerals. The bas in has good water quality, based on spatial 

variance in total water quality and comparisons to WHO and Chinese drinking water 

cr iteria. Overall , they determined that weathering of carbonate and silicate rocks, as 

well as anthropogenic act ivities, influence the principal ion chemistry of the upper Han 

River basin, with evaporites providing a modest contributi on. 
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Heba Abd EI-Aziz Abu-baler, 2021 performed study in Qena, Egypt, in order to 

assess the suitability of Nile V alley groundwater for human consumpti on and 

agricul tural use, Egypt and its borders. The area's hydro-chemi ca l condition was 

assessed us ing the Piper diagram, G ibs plot, and Wilcox irri ga tion water quality 

indicators. T he researcher employed bas ic descriptive and multiva ri ate stati st ica l 

analysis to determine the co-relati on coefficients among the nine estimated water 

parameters fo r the stati stical Sh.ldy. To forecast groundwater sa lini ty in te rms of e lectric 

conductivity , a regression analysis is used. T he Kriging approach , which is based on a 

variogram model and was utilized by the researcher to improve the groundwater 

monitoring network in the study region, which determines the spati al distribution of 

groundwater quality. According to the Piper diagram , 74 percent of hydro-chemi ca l 

faces represent NaC I water type, whereas 16.5 percent, 9.35 percent, and 4.32 percent 

of hydro-chemi cal faces refl ect CaNaHC03, Ca-Mg-CI, and Ca-C I water type, 

respective ly. T he Gibs plot revealed that the majority of the samples fe ll within the rock 

and evaporation dominance zones. The water samples range from excellent to mediocre 

quality when viewed tlu'ough the lens of several irriga tion indices and the Wilcox 

diagram. Basic descriptive statistics , such as g raphical di splays, histograms, and 

probability plots, are generated hydro-geo-s tati stically to describe the data di stribution, 

spreading of data , frequency of va lu es, normalcy, and homogeneity of the sampl es . 

E lectric Conductivity (EC) was shown to have a direct relationship with quantiti es 

of (pH, Ca2+, Mg2+, K+, Ct , S04-, and HC03-) in the regress ion analys is. 

Fatima et al. , 2022 investigated the impact of poll ution on g lac ier streams and 

surface water supplies in Gi lg it Baltistan' s Basho V all ey Skardu area . Hi s research was 

based on laboratory examination , statist ica l methodologies, and the geographi ca l 

distribution of main po lluti on indi cators such as physic-chemi ca l, metals, and 

microbiologica l factors. P hys ic-chemica l, metals, and mi crobiolog ica l factors a ll have 



24 

th eir own WQl. Principal Component Ana lysis and correlation matrix are used for 

stati stical analysis on normali zed data. The spati al di stributi on of physic-chemi cal 

elements , meta l, and microbiological factors is interpolated using inverse distance 

weighting, and the WQI values are interpolated using the inverse weight method 

(JDW) . It was found that the spatial distribution of physicochemica l characteristics and 

heavy metal s was different at the eastern and southern ends of the study area, suggesting 

that there was more than one source of pollution in those areas. Using principal 

component ana lysis, the water quality index (WQI), and spatial distribution by means 

of the inverse distance weighting (lDW), it is determined that the water quality is 

exceptional with respect to its phys icochemi cal features. In terms of heavy metals, 

alarmingly, 91 percent of the samples are deemed unsafe for consumption. Based on 

microbiological characteristics, 52 percent of the total samples are unsafe for drinking, 

surpass ing WHO recommendations. 

Zanotti et a1., 2019 carried out research into the quality of surface and 

subsurface water in the Oglio river basin in Italy. 270 water samples were co llected 

from 68 monitoring points. Water quality data is gathered by laboratory examination, 

and a multivariate method of factor analysis ca lled positive matrix factori zation (PMF) 

is used to determine the primary hyd ro-chemical properties and processes that influence 

them. Positive Matrix Factorization is a multivariate statistical methodology targeted at 

sou rce identification that was developed expressly to deal with environmental data and 

manage its uncertainty and dispersion. The results of PMF are compared to those of a 

typical multivariate statistical analysis offactor analysis in terms of both factor profil es 

and their geographical di stribution using a GIS technique in thi s study's ana lys is. 

Isotope ana lysis results are often utili zed to va lidate PMF data and provide support for 

interpretation. Positive Matrix Factorization finds five separate components that 

indicate major aspects and natural and anthropogenic processes that impact the research 
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region, according to the findin gs: I) irri gati on surface water, 2) groundwate r subj ected 

to advanced redu cing processes, 3) groundwater subj ected to ea rl y redu cing processes, 

4) groundwater res idence duration, and 5) the impac ts of agricultural land use on both 

groundwater and surface water. 

l ee lani et aI., 20 II conducted time se ri es research in Kashmir, Wes tern 

Himalaya, to better understand th e hydrogeochemica l mechanisms driv ing the 

deve lopment of water in a natural and non -industria l setting . To understand the hydro­

geochemi stry of the region, several ionic and molar ratios, as well as Piper's tri linear 

di agram , a re used . The chemica l makeup of surface water and spring water is shown by 

tri angular diagrams for measured anions and cations. Piper trilinear diagrams are used 

to characteri ze the hydrochemi stry of water. Ca-H C03- > Ca-Mg-HC0 3- > Na-HC03-

> Ca-S04- were the fi ve water types found by Piper diagram . The water types Ca-HC03-

, Ca-Mg-C0 3-, and Mg-HCOf indi cate a ca rbonate lithology as the host rock, w hereas 

the water ty pe Na-HC03 shows how water inte racts w ith s ili ca te litholog ies in the 

regIOn. 

S. Li et a I. , 2009 ; S. Li & Zhang, 2008 conducted research at C hina's Upper 

Han River basin in order to order to quanti fy human influence and chemi cal wea therin g 

on dissolved loads. Coll ec ted water sampl es a re tested for ca tions and anions by 

indu ctively coupled plasma and atomic emi ss ion, respect ively . Antlu-opogenic 

interference and rock weathering both add solutes to rivers, and their re lative 

contributions is calculated based on the concentrati on of di ssolved anions and cations. 

The Han River Basin's waters are somewhat a lkaline, and there is a s ignifi can t 

correlation between e lec tric conducti vity , cations, and anions. Ca > Mg > Na > k and 

HC03 > S04 > C l > N03 > F are the major ionic concentrati ons in the reg ion. The 

chemica l species of waters are discovered to arise from rock weathering and its minerals 
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In the drainage bas in , the atmospheric depos itio n, and human inputs by ana lyz ing 

different combinatio ns of ions and the ir rati os . The wea thering of carbonates and 

s ili ca tes dominates the chemi stry of the river water in th e area. Limestone, do lomite, 

and s ilicate rocks are three end-members that are distingui shed by chemical weathering 

of mineral s. 

Khanoranga & Khalid , 201 9 studied tlu'ee areas in Balochistan, Pakistan, to 

assess the qual ity of groundwater that is used for irriga ti on and domestic use near bri ck 

klins . A total of 22 physico-chemi ca l characteristics were u sed to appraise the 

groundwater quality . The Piper Hill diagram is used in hydro-chemica l analysis. The 

water quali ty index (WQI) is utilized to assess the water suitability for consumption. 

Th e salt abso rption ratio (SAR), res idual sodium carbonate (RSC), sodium percentage 

(Na%), and the penn eab ili ty index were used to ascerta in the groundwate r 

suitability for inigat ion cause. For geographic variability, so urce characteri zation, and 

dependency of numerous v,r iabl es, multiva ri ate statisti cs such as Principa l component 

analysis (PCA), C luster analys is (CA), and co-relation matrix were utili zed. T he 

examin ed region 's geochem istry revea ls a dom inant pattern of princ ipal cations and 

ani ons as Na+ > M g+2 > Ca+2 > K+ and HC03- > S04-2 > CI- > F-. The Piper diag ram 

refl ects the geology by showing the hydrochemi stry of the region as CaC I and NaC I 

water types. T he groundwater quality in WQI is poor and unfit for drinking. On ly with 

regard to SAR and PI was groundwater suitable for irriga tion . The findings of 

multivariate statisti cs revea led that geo logical compos ition and anthropogenic acti v iti es 

in the region had a s ignificant impact on groundwater. 

Is lam -ud-Din, Shah, M. T., & Khan, S. (2010) inves ti ga ted how metals leaching 

fro m tropica l so il in Bang ladesh affects lake and rese rvo ir water qua lity. T hey looked 

a t metal release during weathering to see whether there were any geochemi ca l control s 
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in place and if there were any negati ve consequences fo r Bangladesh's ecosys tem. T hey 

observed that A I, M g, Ca, Na, K , As, Ba, Cr, Ni, Pb, and Zn were usua lly hi gher in all 

surface water sa mples durin g the comparati ve investiga ti on of four loca ti ons 

(Raj arampur, Shamta, Mainamoti, and A nduli a in Bangladesh). According to the data, 

c limatic conditions have a s ignifica nt ro le in the process of degradat ion. Metal 

enri chment in lake and reservo ir water is caused by metal ion solu bility, orga nometa lli c 

comp lexes, and co-precipitation o r co-existence w ith the co ll oidal clay fraction . 

A luminum concentrati ons in a ll samples surpass WHO's drink ing-water guidelines, 

while arseni c concentrations in two regions also cons iderably exceed WHO cri ter ia. 

T he high concentration of As suggest that the pollu tion of Arsen ic in water systems of 

Bangladesh is not limited to groundwater. 

Lake Baika l is a natural lake in southern Siberia, located between the Buryat 

R epublic and the Irkutsk Ob last of R ussia; Sinyukovich , 2003 stud ied its water quali ty 

and env ironmental elements. The total d isso lved solid s (TDS) discharge from the lake's 

major tributa ries was studied, and an inverse connection was found between water flow 

and TDS in river water. The inverted conn ection may be attributed to the occurrence of 

hardly so luble gneisses, conglomerates, crysta ll ine schist, and do lom ite in the 

geologica l structure of thei r watersheds. T he study found that the ava ilab ility of ri ver 

w ater has a key infl uence in controlling disso lved so lids discharge, and that f-urther 

resea rch in to thi s area will help improve our knowledge of how to tal di sso lved so lids 

d ischarge is fo rmed in Lake Ba ika l. 
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3 STUDY AREA 

Gilgit Ba ltistan, former ly known as No rthe rn Pak ista n, with a population of 

about 2 million is a remote mountainous region renowned as the "Roof of the World ," 

covering 72,500 square ki lometers. Tt is located between 35° 0' and 37° 0 N , and 72° 0 ' 

to 75° 0' E, with elevations ranging fro m 1500 to 8000 meters above sea leve l w ith a 

m ean elevation of 4600m and is surrounded by hi gb mountains. It is bordered on the 

north by China's Xinj iang region, on the south by Paki stan's Khyber Pakhtunkhwa 

province, on the eas t by Kashm ir, and on the west by Afghanistan. Pakistan' s Northern 

Areas are surrounded by tlu'ee prominent mountain ranges: the Himalayas, Karakoram, 

and Hindukush. Mountain ranges consist ofnumero Li s gigan ti c and snowcapped peaks, 

such as th e K-2 (86 13 meters), Nanga Parbat (8 126 meters). The g laci ers Mashabrum, 

Siachen, Rakaposhi, Haramosh, and Passu are among the biggest in the world. 

Pakistan is divided into two major sedimentary bas ins; Ba lochistan basin and 

Indus basin . There are two di stinct regions within the Indus bas in , Upper and lower 

Indus basin . Gi lgit Balti stan li es in the upper Indus basin of Paki stan. The Indus Bas in 

provides essential drainage for the northwest Himalayas and the Karakoram range, 

covering an area of rougbly 863,508 km 2
. T he Indus river's major beadwaters are in 

India and China. The Sbingo, Shyok, Shigar, Astore, Hunza, Gi lg it, and Kabul rive rs 

are the sub basins of the upper Indus Basin (Abro et a I. , 2020) . The sub-basins mostly 

rely on snow and glacier meltwater for their water needs (Am in et a!. , 201 8). The main 

rivers fl owing through the study area are Ghizer ri ver, G il git river, Hunza River and 

Skardu river. Glacial fed channels a long these rivers and its surrounding areas were 

se lected to collect water sampl es for the laboratory ana lys is. 
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The Gilg it river basin is situated in the Hindukush-Karakorum-Himalaya area, 

between 35°80'N and 36°91'N and 72°53'E and 74°70'E in latitude and longitude 

respective ly, and drains south eastward into the Indus River. Because it is a g lacierized 

bas in, any changes in climate will have an influ ence on the frozen water resource, 

affecting the infl ow to the Indus Bas in irri gation system (Ad nan, Nabi , Saleem Poomee, 

et a I. , 20 17). Gi lgit ri ver is the maj or tTibutary whi ch originates from the Shandoor lake 

C hitral Pak istan (Ad nan, Nabi , Sa leem Poomee, et a l. , 201 7; Ahmed et a l. , 202 1). The 

Gi lgit River's ma in ri ght bank tributary, Baha Lake, is located close by the Handrab and 

Langa r ri vers. From the left bank, tiny rivers like as the Phandar, Ishkoman and Yas in 

R iver flow into G il g it river. Near Ghize r' s Phandar Lake, the Phandar R iver merges 

into the Gilgit river. The Yasin R iver and G ilgit River meet at Gupis v illage. T he Gi lgit 
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ri ver is fed by the glac iers of Karakoram and Hindu-ku sh mounta in s. The G il git Ri ver 

flows through Gi lgit Di stri ct from west to eas t and eventua ll y empties into the Indus. 

The m ean height of the basin is at 3997 m, and the drainage area is around 12,67 1 k111 2 

according to the Gilg it river gaug ing station. The area of the watershed over 5000 

meters is mostly covered in permanent snow, and the g laciers are well preserved 

(Adnan , Nabi , Kang, et at. , 201 7). Vo lcanic , volcani c-sedimentary, sedimentary, 

m etamorphi c, and igneous rocks are th e most common types of rock formati ons in the 

basin (Bhutani et at. , 2009). Type of rocks in th ese exposed rock fonnations include 

siliciclas tic , granite, basaltic, andes itic, rhyo litic, carbonates, gabbro, phy llite, 

greenschi st, and so on . The high mounta ins of Gil g it Ba ltistan are permanently covered 

in snow, whil e the lowlands around the country's ri vers and val leys are home to farms 

and forests . 

3.2 CLIMATE OF THE AREA 

Climate refers to the average weather conditions over a lengthy period of time 

in a particular area . Some scientis ts describe climate as the long-term average of a 

region's wea ther, often over the course of 30 years. Tt is on e of the most essenti al factors 

of our physica l env ironment, influencing not only human evolution but a lso their 

personaliti es, modes of living, cultural , and socia l traits. I-Iuman acti v iti es such as 

agriculture, popu lation expansion , industria li zation, and h·ansporta tion , on the other 

hand, h ave an impact on the climate. The study of climatology is, in genera l, deeply 

entwined with the concerns of da ily living (S . IU1an et aI. , 2020) . From summer to 

winter, the average yearly temperature of Gilgit-Baltistan is between 35°C and -20°C 

(N. Khan et aI. , 201 9). From Jun e to December, the average yearl y humidity level 

ranges from 23 to 55 percent. The region's typi cal annual rainfal l ranges from 200 to 

250 millimeters (Fa isa l.N & A.Gaffar, 201 2). Loca l thunderstorms have brought heavy 

precipitati on to the G ilg it Baltistan area. T here are fo ur distinct ra iny seasons in the 
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area, beginning with winter ra ins and continuing through pre-monsoon rains, 1110nsoon 

ra ins, and post-monsoon rains. Winter, the beginning of the monsoon, and the monsoon 

are a ll wet periods in th e province, whereas the end of the monsoon is the dry period. 

Latitude, altitude above sea level, rugged topography, co ntinentality, snow cover, 

vegetation, and so il contents are all e lements that influence th e climate of Gi lg it 

Baltistan province. Based on ave rage annua l temperatures, the G il g it Ba ltistan area is 

divided into three di sti nct climatic zo nes: warm , coo l, and cold . Summer in thi s area 

lasts for five months (May-October) , whereas w inter (November- Apr il) is much 

shorter. 
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4 RESEARCH METHODOLOGY 

4.1 FIELD WORK 

The follow ing approaches were used to co llect water samples from high-altitude 

g lacially-fed Nullahs/s(Teams and springs that cross the main KKH in the research 

region (Ghizer, Gilg it, Nagar, Hunza). 

4.1.1 Water Sampling 

Tn order to assess the water quality, forty water sampl es were taken from glac ier­

fed streams and springs in the research region. The polyethylene bottles were cleaned 

with doubl e- ionized water before to co ll ecting the water sam pl e. A ll water sampl es 

were co ll ected according to AP HA requ irements. At each s ite, a s ingle water sampl e is 

obtained. A pproxi mately fo ur to five water samples were obta ined along the m ain 

stream from Hundrap hamlet Ghizer to Gilg it city in order to measure th e turbidity 

levels of the river. During the sampling of climate, geo logy, land use, geogenic and 

anthropogenic activiti es, the ir geographi cal locations wi ll be captured us ing a hand ­

held GPS device. 

4.2 DETERMINATION OF PHYSICAL PARAMETERS 

Among the phys ical characteri st ics that were measured In the fie ld were 

temperature, electric conductivity (EC), pH, turbidi ty, and total dissolved salts (TDS) . 

Before the in-s itu measurements, the equipment was ca librated. 

4.2.1 Determination of Temperature 

One of the most important features that should be considered is the temperature 

of the aquatic environment si nce it controls practically all physica l, chemical, and 

bio logical aspects. Saturation levels of gases and so lids in water are con(To ll ed by the 

temperature. The temperature of the water is a crucia l determinant of the species fou nd 
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in stTeams and lakes. A thermometer was used to determine the temperature of water 

samples taken in the fi eld. 

4.2.2 Determination of pH 

One of the most common tests in water chemistTY is pH measurement. Acidity 

and alka lini ty of any fluid is quantifi ed on the pH scale. Field water samples were tested 

for acidity using a Hanna pH meter. 

4.2.3 Determination of E lectric conductivity 

Condu ctiv i ty is the capacity of a material to conduct an electric current. Because 

the charge on an ion in a solu tion promotes electric current conductance, conductivity 

is proportional to ion concentration in a so luti on. In the fie ld , the electrical conductiv ity 

of water sampl es was determined in s/cm using a Lovibond sensing-direct conductivity 

meter. 

4.2.4 Determination of tUl'bidity 

The turbidity of water causes li ght to be di spersed or absorbed rath er than 

transmitted straight t1u·ough the sample. T urbidity is caused by the size, shape, and 

refractive index of suspended particles rather than the concentration of the latter found 

in water samples. The turbidity of the co ll ected water sa mples is meas ured in the units 

ofNTU in the field by a conductivity meter. 

4.2.5 Determination of Total Dissolved Solids (TDS) 

Tota l di ssolved so lids in water are the residue left behind after evaporation of 

the water away at temperatures between 103 and 105 degrees Ce ls ius. In a water body, 

total dissolved solids (TDS) are predominantly inorgan ic sa lts with a minute number of 

organic materi als. Natural processes involving rock and soil contact are the primary 

contributors of TDS in water, with pollution having on ly a secondary role 

(S inyukovich, 2003). TDS readings for water samples were determined in mg/L lI s ing 
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a Lovibond senso-direct meter in the fi eld . Tabl e 4. 1 shows the fi e ld equipment used to 

measure the p hysica l properties of water samples . 

Table 4 .1 L ist of Equipment Used in F ield for the Measurement ofPhys io-Chemi ca l 

Param eters 

Instrum ent M odel no Detection r an ge M easured 
Parameter 

Turbidity meter 430-260 0-1000 NTU Turbidity 

Hanna pH meter HT8424 -2 - 16 pH pH 

Lov ibond Senso- Con-200 0 - 200 ).I.s/cm E lectrica l 
direct 0 - 1999 m g/l Conductivity 

Total Di sso lved 
So lids 

4.3 DETERMINATION OF CHEMICAL PARAMETERS 

Lab tes ts are performed on the wate r samples once they have been collec ted. 

Major anions and ca tions concentrati ons are eva lu ated to assess wa ter quality . M ul tiple 

laboratory techniques are Ll sed to determine the hardness of water samples and th eir 

4.4 DETERMlNATION OF ANIONS 

4.4.1 Chloride (Cn 

The concenh·ation of chloride was studied in the lab using the argentometric 

titration technique. AgN 0 3 0.0 14N is used as standard so lu tion and K2Cr04 is used as 

an indi ca tor. Each sampl e of water is analyzed by adding 2- 3 drops of indicator to [0 

ml of w ater in a beaker. Then it is titrated against the standard so lution of AgN0 3 un til 

the end point red brick color appears. The same procedure is repea ted for the blank 

solu tion and the value of titrant consumed is recorded. Concentrati on of CI is then 

calculated by using the fo rmula: 



Wh ere, 

(A-B) x35.45 x l000 
Cl (lIIg/1) = -------­

Sample Volume in ml 

A = reading of the specimen 

B = bl ank-so lu tion reading 

N = 0.014 
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The Turbid m etric spectrophotometric (model NV 202) method was lI sed to 

determine sulphate . Conditioning reagent, Barium chl oride solution , and Standard 

Sul fate so lution are the chemicals utili zed. Tn 100ml vo lumeb·ic fl asks, s tandard 

sulph ate so luti ons of5, 10,20, 30,40, and 50ml a re made and diluted to th e m ark w ith 

DDW. Six separate beakers are used to transfer th e liquids. In a flask, 100 ml of wa ter 

is added with continual st irring, followed by 5 ml cond iti oning reagent and 5 ml BaCh 

so lu tion. As a b lank samp le, double deioni zed water is utili zed. The Spectro-

photometer wavelength is set at 420nm. B lank was used to set the abso rbance value. 

Th e absorbance of the reagent bl ank is measured. T he ca libration curve of absorbance 

vs sulphate concentration in mg/I is pl otted on an exce l sheet in the last stage, and the 

sulphate concentration in the water samples is ca lcul ated. 

4.4.3 Phosphate (P04-) 

The Spectrophotometric technique is used to calcul ate the phosphate 

concentrations in the water sampl es . Phosphate is measured us ing amm onium 

molybdate and stannOllS chloride as reagents. Using an Erl elUlleyer fl ask, we co llected 

a tota l of 26 ml of sample (2 ml of sampl e plus 24 ml of DW). Mi x I millilite r of 

ammon ium molybdate so lu tion by swirling it around in the flask . W e put in two drops 

of stannous chloride solu tion. There was a dash of asco rbic acid added and bl ended in. 

Phosphate was qui ckly identifi ed thanks to the development of a blue hue in onl y five 

minutes. A spectrophotometer with a 650nm wavelength was used. For thi s experiment, 
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the zero absorbance was determined by Ll s ing a blank so luti on. The absorbance of th e 

sample was determined by analyz ing its co lor at 650 nm on th e spectrophotometer. 

Standard curve ana lysis was used to ascertain sample concentration. 

Both freshwater and sewage contain nitrates as a natural occurrence. Nitrate 

poisoni.ng of water sources is caused by decomposi tion of nat11ral vegetation, 

app lication of agrochemica ls, and oxidation of nitrogenous compounds in sewage 

effluents and industrial wastes. It is poss ible to determine the amount ofN03- in water 

samples by a co lorimetric examination in the lab. Bruci line-sulfanilic acid solution, 

sulfuric acid solution, sodium chlori de stock nih'ate so lution , and anhydrous KN03 

were used as reagents. 5mL, 10mL, 15mL, and 20mL standard nitrate so luti ons are 

made. Each flask is fill ed with 2 mL NaC I and 10 mL 4: 1 lbS04 so luti on, w hich is 

thorough ly mixed. Each flask receives 0.5mL of Bruci line ac id reagent. The 

spectrophotometer was set to zero at 4 J Onm after preparing a blank with distilled water. 

Now take a note of the absorbance values of each of the standard solutions. The 

absorbance of the samples was measured after 10ml of sample was added to reagents 

and the ye llow color developed. Using the standard curve, the concentratio n of the 

sample was determined. 

4.4.5 Carbonate (C03-) and Bicarbonate (HC03-) 

Carbonates and bicarbonates were measured using the titration technique with 

0.1 N hydrochloric acid in all water samples. As markers for carbonates and 

bi carbonates, phenolphthalein and methyl orange were utili zed. To do the tih"ation , we 

put 25 ml of water sampl e into a 250 ml flask and added 3 drops of phenolphthal ein . 

There was no color change, indicating th at there was no carbon ate present in the water 

sa mpl es. 2-3 drops methyl orange were added to the same amount of water sampl e for 
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BC03 determination and li ght orange co lor deve lops. Sampl e is titrated aga inst 0.1 N 

HCI from the burette, until the li gh t orange co lor vani shed. The amount of acid used 

was reported in milli grams per liter in terms ofCaC03 Ll s ing the form ul a below. 

IIIg// ofCaC03 = 
(Volume of titrant consumed x O.l) x 5 0,OOO 

Volume of Sample 

4.5 DETERMINATION OF CATIONS 

4.5.1 Sodium and Potassium 

Sod ium and potass ium are importa nt elements in humans. Desp ite thi s, they are 

seldom, if ever, found in drinking water in concentrations that might be detrimental to 

healthy individuals . Sod ium and potassium levels in the water sampl es were ca lcul ated 

using the flame photometric method. Na and K stock standards (lOOO mg/L) were 

prepared by di ssolving 2.542g NaC I and 1.9 1 g KCI in deionized wa ter, and then fillin g 

a volumetric flask w ith I OOOm l ofthe resulting so luti on. Assay standa rds of 5, 10, and 

15 ppm were prepa red using this stock solution . T he flame photomete r wave length is 

set at 589nm for Na+2 and 766nm for K+. B lank was used to set the abso rbance va lue. 

Now take 50ml of samples in a flask and record the readin gs. Plot a ca Libration curve 

for the result values of standard solutions and determine the concentration of Na + and 

K+ for the water samples from the plot. After every ten samples, bl ank and working 

standards were run to ensure instrument ca l ibration and analys is accuracy . 

4.5.2 Calcium and Magnesium 

Titrimetric analysis of ethy lene-diamine-tetra-acetic ac id (EDT A) a llows for the 

measurement of Ca+2 and Mg+2 concenh·ations. EDT A so lution of O.lM, ammonia 

buffer solu tion and NH4CI are Llsed as reagents. To make the so luti ons, fi ll a flask 

halfway w ith di stilled water and add 3.7g EDTA so luti on w ith a molarity of 0.1. In a 

separate flask, make a 300ml ammonia buffer so lu tion, add 2 1g ofNH4CI, and top lip 

to 500ml with di stilled water. As for indi cators, E riochrome Black T ac id (EBITA) for 
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magnesium and Murexide for ca lcium are utili zed. The concentration of magnes ium is 

measured by adding 6ml of ammonia buffer so lution to 10ml of water in a flask. When 

a few drops of the EBlTA indicator are appli ed, the co lor changes to purple. The 

pigment is then titrated against the burette's EDT A so lution unti I it turns blue. Take 

note of the titrant consumption data from the burette. The same approach is used to 

determine Ca using Murex ide as an indicator. The initi al and fin al co lors for ca lcium 

are orange and li ght pink, respectively. Ca+2 and Mg+2 concentrations are ca lcul ated by 

plugging va lues into the formula below. 

+1 +1 _...o.( A_-_B..:...) _X_D_X_l_0_0_0_ Ca orMg = 
Volume of Sample 

Where, 

A = measure of sample's titrant used in milliliters 

B = amount of titrant needed for blank 

D = O.IM 

4.5.3 Hardness 

Hardness in water is caused by a wide range of polyvalent metallic ions, most 

notably calcium and magnesium cations. Measured most often in 111 i II igrams of calc ium 

carbonate per li ter. Hardness for the current study is determined by using the fo rmula ... 

(MwCaC03) (MwCaC03) 
Hardlless = (Ca + 2) ( + (Mg + 2) 

MwCa+2) (Mwmg+2) 

Where, Mw is the molecul ar weight 

The summary of the testing methods used to determine the concentration of 

cations and anions is shown in the tab le 4.2. 



39 

Table 4.2 List of Laboratory Methods Used in Measurement of Ani ons and Cations 

Parameter Unit Test Methods 

Chloride (Cn mg/L Argentometr ic T i trat ion 

Sulfate (S04-2) mg/L Spectrophotometri ca lly 

Phosphate (P04-2) mg/L Spectrophotometrica lly 

N ib'ate (NO/~) mg/L S pectrophotomeb'ica lly 

Bicarbonate (rICO] -2) mg/L Titration method 

Sodium (Na+) mg/L F lame Photometri c 

Potass ium (KI-) mg/L F lame Photometric 

Calcium (Ca+2) mg/L EDTA T itrimetric 

Magnesium (Mg+2) mg/ L EDT A T itrimetric 

4.6 DETERMINATION OF HEAVY METALS 

For the purpose of thi s investigation, the fo ll owing heavy metals were chosen: 

manganese (Mn), iro n (Fe), z inc (Zn), chromium (Cr), lead (Pb) , cadmium (Cd), copper 

(Cu), mercury (Hg), and arsenic (As) . To assess their concentrat ion in co llected wate r 

samples, tab le 4.3 deta il s some of the most often used methods. 
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Tab le 4 .3 List of Laboratory Methods Uti li ze for the Measurement of Concentration 

ofl-Ieavy Meta ls for Co ll ected Water Sampl es 

Heavy Meta ls U nits Instrument & Model No Test Methods 

Chromium ~lg/L AAS Perkins Elmer A- Spectrophotometri c method 
(Cr) Ana lyst 800 

~lg/L SHIMADZU 
Cad 111 i 1I111 UV Spectrophotometer Atomic Absorpti on 

(Cd) (FWTLl I 800) Spectrophotometric 

Lead (Pb) ~g/L AAS Perkins Elmer A- Atomic A bsOlvtion Spectro-
Analyst 800 photometric 

Zinc (Zn) ~g/L UNICAM Flame AAS Atom ic Absorpt ion 
(FWTLlO13) SpectrophotometTic 

~lg/L SHIMADZU 
Iron (Fe) UV Spectrophotometer S pech-opbotometri c method 

(FWTLl1800) 
Copper (Cu) ~lg/L UNTCAM Flame AAS Atomic Absorption 

(FWTLlO I3) S pectrophotomeo'ic 

~lg/L SHlMADZU 
M ercury (Hg) UV Spectrophotometer Spech"ophotometric method 

(FWTLl1800) 
~lg/L SHTMADZU 

Manganese UV Spectrophotometer Spectrophotometri c method 
(Mn) (FWTLl I800) 

Arsenic (As) ~lg/L Merck Arsenic Test Kit Colorimetri c Arsenic tes t 
11 79 17000 I Strips 

4.7 ANALYSIS AND EVALUATION 

There are two basic components of water sample analys is and assessment used 

to determine the quality of the area's surface water i.e., is I) Hydro-geochemical and 

T-Tydro-geostatistical ana lys is and 2) Machine lea l11ing methods for predicting water 

quality classes and their perfo rm ance comparison . Thirteen phys ic-chemical 

parame ters were eva luated, including pH, Turbidi ty, E lec tri c Conductiv ity (EC), Tota l 

Disso lved So lids (TDS), Ca lcium (Ca+2), Magnesium (Mg+2), Sod ium (Na+), Potassium 

Hardness. The eva luat ion takes into accoun t the fo llowing heavy meta ls : chromium 
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(Cr) , zinc (Zn) , lead (Pb), iron (Fe) , copper (Cu), cad mium (Cd), mercury (H g), 

manganese (Mn), and arsenic (As). 

4.7.1 Hydro-Geochemical Analysis 

Hydro-geochemical anal ys is is performed to assess and categori ze surface water 

quality. The assessment was conducted through the class ification of the water quality 

using the water quality index (WQI). Water quality is measured on the Water Quality 

Index (WQI), which takes into account a wide range offactol's. It illustrates how various 

characteristics might affect the overa ll quality of drinking water (Khanol'anga & Kha lid , 

2019) . Hydro-chemical and hyd ro-geochemical plots i. e., Piper plot and Gibs plot 

respectively are used to learn more about the geochemi cal mechanisms at play in 

regulating water chemi stry and the larger pi cture of water chemi stry . The contaminati on 

status of water sampl es is a lso determined by the heavy metal pollution index (HPI). 

The combined impact of each heavy meta l w ith regards to the quality of the water 

supply and the suitabi lity for human consumption were assessed using the pollution 

index (Appiah-Opong et aI., 2021). Data ca lculation and graphical representat ions were 

done using Microsoft Excel (Version 2019). Grapher software (Version 201 6) is used 

to create the Piper plot. 
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Pure wate r molecule is chemica lly made up of two hydrogens and one oxygen 

atom. Such a mol ecule is not present in the natural world , neither in polar ice caps, 

clouds, ra in , falling snow, or glac ia l stream and lakes. In a laboratory, it is possi ble to 

produce pl11'e water, but it requires tremendous effo rt. Different types of water bodies 

have different water chemistry (i n air, snow, rivers, lakes and oceans). Fresh water 

flows on the surface of the earth as rain and snow thJOughout the hydro logica l cycle of 

water. As it comes fro m high altitudes, it incorporates different substances from the 

nearby catchments, whi ch resul ts in its contamin ation. Water receives and retains 

fo reign objects in a variety of ways, includin g: 

1. S ince water disso lves both salts and inorgani c minerals, which often inc lude 

negative ions and posit ive ions, as well as organic molecules like organometa ll ic 

complexes, it is an exce ll ent solvent in nature. 

2. Hthe inso lubl e parti cles are tiny enough, they may settle so graduall y that they 

practically never leave the water. 

3. The soluble substances interact w ith insolu ble parti cles and make them part of 

the solu tion. 

4. Contaminants in the form of oi l spills and other waste mate rials that float on the 

water's surface. 

The interaction of the water with the soluble minerals of the bedrock in their 

courses, soil, and vegetat ion in the ca tchments are the numerous developments that 

affect the chemi stry of the glacial-fed streams. Water chemistry is influenced by the 

minera logy of bedrock because of the di sso lu tion of minerals and so lutes during 

weathering and erosion (Psenner & Catalan, 1994). Vegetati on has an effect on 
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precipitation, transportation, and the deposition of ions and nutri ents, even if a ca ti on 

exchange complex may be provided by the so il (Stumm and M organ, 1996) . Anywhere, 

human activity may worsen or enhance the quantity and quality of water. It should be 

our mission as human beings to seek for so lutions to preserve pure wate r for the sake 

of generations to come (SoOtmo, 2004) . 

5.2 WATER CHEMISTRY OF THE UNDER-STUDY REGION 

The physiochemical properties of a body of water define its quality and 

characterist ics. These parameters allow us to categorize where the water is healthy or 

contaminated for the human use. Samples of water from 40 representative streams in 

the Gilgit river basin, all of which are fed by glac iers at hi gh e levated positions, were 

studi ed for their var ied physiochemical features in order to determine the possibility of 

geogenic and anthropoge ni c po llution.The estimation of the physiochemical parameters 

in the water samples was done using sta ndard test protocols. The physiochemical 

parameters include EC, pH, turbidity, hardness, TDS, Ca+2, Mg+2, K+, Na-n , S042-, NO)­

, HCO)-, P04-, Cr, Pb, Cd, Zn, Fe, Hg, Mn, and As. The World Health Organ ization's 

(WHO, 2022) recommendations were then compared to all measured va lues for a ll 

physiochemical parameters . The detail s of their findings are provided below. 

5.3 ION CHARGE BALANCE ERROR 

The electrical neutrality of an aq ueous solution is a key characteristic. Since 

there must be an equal number of equivalents for positive and negative elements, the 

overall number of equivalents for each must be equal. 

Charge Balance = 'L,cations = 'L,anions 

A cation-anion bal ance wi ll never be 100% accurate s ince it is a lmost difficult 

to evaluate each and every ion in a body of water. It is typically not necessa ty either. 

Nearly often, the ion charge balance in ground or surface water is more than 90%. To 
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assess the precis ion of the laboratory findin gs for the in ves tiga ti on of water quality, ion 

charge ba lance is uti lized. Ion charge ba lance error (ICBE) shou ld idea lly be zero, 

however due to mi stakes in the sampling process, instrument error, usage of unfiltered 

samples, change in c ircumstances, etc., it canno t have a value of zero. For analyses of 

w ater quality, an error va lue of up to ± 10% is fine (Domeni co & Schwartz, 1998). 

Mathematically, it m ay be expressed as: 

'[. cations - l:anions 
IeEE (%) = '[. . x 100 

cations + l:anions 
(I ) 

A posi tive or negative TCBE is poss ibl e. A n elevated concentrati on of cations 

in comparison to anions is indi cated by a positive lCB E. A negative ICBE, on the other 

hand, signifies a greater abundance of ani ons. In the present investiga tion, on ly tlu'ee of 

the forty samples di splay a negative charge balance, w ith the remainin g thirty -

seven samples displ ay ing a positive charge balance. In the equ ation above, the ionic 

concentrati ons were measured in l11eq/L (milli equivalent per liter). The mean ICBE 

value for the CUITent research was determined to be 6. 58% with a standard dev iation of 

4 .54%. 

5.4 CHARACTERIZATION OF INDUVIDUAL HYDRO-GEOCHEMICAL 

PARAMETERS 

For both drinking and other uses, it is crucial to be ab le to tell the difference 

between th e qua lity of water that comes from the surface and that whi ch comes from 

deep down . Analytica l results of the phys icochemical parameters which includes pH, 

Pb, Cd, Zn, Fe, Hg, Mn, and As for the current study is presented in table 5. 1. A ll the 

qual ity parameters are then compared w i th the recommended guide l ines g iven by 
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World Hea lth Organi za tion (WHO, 2022) presented in Fig (5. 1,5 .2,5.3,5.4,5.6,5.7, 

5.8 , 5.9, 5.10, 5.11 , 5. 12, 5.13 , 5.14, and 5.15). The different variab les, inc luding the 

mean, minimum, maximum, standard deviation, and concenlTations of physic ocherni cal 

var iables include pH, total di ssolved salts (TDS), tota l hardness (TH) , electrical 

conductivity (EC), heavy metals, ma in anions, and cat ions are given in (tab le 5. 1). In 

the sections that fo ll ow, a brief discussion of all of these phys icochemi cal criteri a and 

their compari son w ith WHO guidelines w ill be provided . 

5.4.1 pH 

The pH scale is used to express how acidic or basic a g iven aqueous solution is. 

Acidic liquids have lower pH values than basic or alka line soluti ons. According to the 

analyti ca l findin gs of the sampl es taken in the research region, 95% of the sa mp les are 

alka line (pH more than 7) whil e the remaining are ac idi c (Fig 5.1). The pH va lues of 

the gathered sampl es va ry between (6.8-8.8) w ith an average of 7.88 . It is determined 

that water samples fro m the stations ST- 15, ST-35, and ST-36 are strongly alkaline 

(PH>8.5), exceeding the WHO permi ss ible limits which shows that carbonate­

dominated lithologies in the area may have an effect on the pH of fluids, whi ch is a 

recogni zed factor in many processes (Dinka et a1. , 201 5; Laar et a1. , 2011) . 
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Fig 5 . I Graph of pH for the Monitored Va lues of Physiochemical Parameters and 

Their Compari son with WHO limits 

5.4.2 Turbidity 

The turbidity of water is a measurement of the cloudiness of the water, which is 

caused by suspended large-s ized solid particles as well as inorgan ic, organi c, and 

microbiological species . Amongst the co llected samples the turbidity va lues of 

seventeen samples were found hi gh (Fig 5.2 , table 5.1) above the permissible range (5 

NTU) recommend by (WHO, 2022). The high values of turbidity are recorded because 

water samples were collected during the monsoon days and the waters of g lacial fed 

sb-eams get turbid due to flooding situations. The turbidity va lues of remai ning water 

sampl es monitored with in the permiss ibl e limits. Overall, the turbidity values amongst 

all the samples ranged between 1.1-1 26 with an average va lue of 17.38 . 
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Fig 5.2 Graph of Turbidity for the Monitored Values of Physiochemical Parameters 

and Their Co mparison with WHO limits 

5.4.3 Total Dissolved Solid (TDS) 

The entire concentration of di ssolved materials in water is expressed as total 

dissolved solids. TDS is mostly composed of inorganic sa lts, w ith a trace quantity of 

organ ic material. Inorgan ic sa lts that are freq uently found in water include the ca tions 

potass ium, calcium, m agnesium, and sodium as well as the anions carbonates, nitrates , 

bi carbonates, chlorides, and sulphates. TDS values of the water samples ranged fro m 

33 m g/I-389 mg/I with the mean value of 1 02.33 mg/L (tabl e 5. 1). All of the monitored 

va lues of TDS were found in the acceptabl e limits suggested by World Hea lth 

Organization (Fig 5.3). Additionally , a recent research has also showed that the snow 

melting water of the region has a low TDS content. (Ahmed et aI., 202 1). 
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Fig 5.3 Graph ofTDS for the Monitored Values of Physiochemical Parameters and 

Their Comparison with WHO limits 

5.4.4 Electric Conductivity 

The capacity of a substance to carry electric current is measured by its electri c 

conductivity. The conductivity will be better if there are more salts dissolved in the 

water. Total dissolved solids (TDS), often known as the total concentration ofdissolved 

and particle solids in a water body, may be ca lculated using conductivity data. Micro-

Siemens (flS) units are used to express the conductivity of water (Sinyukovich , 2003). 

However, EC values of the g lacia l waters of the region shows a wide variation 126 .50 

~lS/cm (table 5. 1) ranging between 60 flS/cm and 630 flS /cm with an average of 160.80 

~lS/cm. All of the monitored va lues of EC were found within the permissibl e limits as 

illustrated in (Fig 5.4). 
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5.4.5 Total Hardness 
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The total number of bival ent metalli c ions in a body of water is considered to be . its 

hardness. Calcium and magnesium are the primmy sources of water hardn ess. In 

add ition to manganese (Mn 2+), iron (Fe2+), z inc (Zn2+), strontium (Sr2+), and other ions, 

harcIness of the water is also influencecI by these elements. Though often far lower than 

the levels of calcium and magnesium, their concentrations are nonetheless noticeabl e. 

Commonly hardness is expressed in parts per million (ppm) or parts per billi on (ppb) . 

F ig 5.5, and tab le 5. 1 shows the hardness va lues for all observed samples . The results 

were within the allowable range of 0-500 mg/l that varied from 188 mg/1 to 480 mg/J 

with mean value of 298 mg/ l. The majo rity of these samp les are class ified as hard or 

very hard waters . The major cause of the high total hardness is the excess ive number of 

cations and anions that have been disso lved in water as a rcsult of prolongcd contact 

with rocks until the water reaches lower altitudes. 
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5.5 CATIONS 

5.5.1 Sodium (NaH ) 

In th e earth's crust, sod ium makes up around 2.6% by weight. D ue to its extreme 

reacti vity, this metal only ever appears in nature as a combinat ion and never as a free 

element. Numerous minerals contain sodium, including zeolite, amphibole, cryo lite, 

and commo n salt (Is lam-ud-Din, Shah, M . T. , & Khan, S. (2010» . Monitored values of 

sodium concentrations of the co ll ected water samples are shown in the table 5.1 and 

graphicall y compared with World hea lth Organiza tion permi ss ibl e limits in Fig 5.6. As 

per (WHO, 2022) the acceptable limits for the co ncentration of Na21 is 100 mg/J and 

95% of the sodium levels in the research area's sampl es are well within acceptable 

ranges . The remaining two sa mples exceeds the WHO prescribed limits. Overa ll , the 

sodium concentrations ranges from 5.5 mg/I to 125 mg/l with a mean va lue of22 mg/l 

(tab le 5.1). The formation of rock salts, carbonate rock weathering, and the 

di spl acement of Na2+ ions from a complex of absorbed rocks and so il s by Ca2+ and 

Mg2+ are possib le sources of Na2+ ions (Dinka et a I. , 201 5) . 
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Parameters in Contrast to the WHO's recommended levels 

5.5.2 Potassium (K+) 

Potass ium is a s ilver-white metal that only occurs in sma 11 amounts in water due 

to its poor so lubili ty in it. In tab le 5. 1, we can see the sodium levels in the water of 

g lac ially fed streams in the studied regions as we ll as visuall y represented and compared 

with WHO standards in Fig 5.7. The monitored va lues of potassium were in the range 

of 5.7 m g/I to 38.7 m g/\ w ith an ave rage va llie of 13 .77 mg/I. T he WHO permi ss ibl e 

limit for sodium concentration in water is 100 mg/\ and concentration of all the tested 

samples were found within the limits indicating suitable for human consumption and 

irriga tion use. The orthoclase feldspar, microcline, and biotite mineral s found in the 

local granites are the source of potass ium in the surface water (Adimalla, 2019; Trauth 

et a I. , 1997) . 
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5.5.3 Calcium (Ca2+) 

T he regul ar development and maintenance of bones depend on calcium, whi ch 

is regarded as a signifi cant component of minerali zed ti ssues in the human body. Water 

contains ca lcium in the fOlm of ca lc ium sa lts (CaC03 or CaCb). In the g raniti c telTa in , 

ca lc ium is obtained fro m feld spar, pyroxene, and amphibo le min'e rals as well as from 

aux ilia ry minerals like apatite and fluorite (Ad im all a, 2019 ; Dinka et aI. , 2015) . T he 

observed scores of the concentration of Ca lc ium for the current investigation va ry 

between 44 mg/l to 103 mg/I with mean va lue of 72.83 (tab le 5. 1). The maximum 

threshold limit for calcium set by (WHO, 2022) is 300 mg/l and Calc ium levels were 

a ll within the safe range for the sampl es that were examined (F ig 5.8) indi cat ing suitabl e 

for drinking and other uses. 
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5.5.4 Magnesium (Mg2+) 

Magnes ium is present 111 several minerals, the most popular of which are 

magnetite and dolomite. Magnesium is also incorporated into water bodies by a va ri ety 

of processes, such as weathering mafic and ultramafic rocks (Is lam-ud-Din , Shah, M . 
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T ., & Khan , S. (20 I 0)). Concentrations of magnesium in co ll ected water samples of the 

region are shown in tabl e 5.1 and graphi ca lly presented and ana lyzed with the WHO 

standards in Fig 5.9. Its concentration found between 7 mg/ l to 27 mg/J with an average 

value of 12.70 mg/l (table 5.1).ln all of the representative sa mples the monitored va lues 

are found within the p ermiss ibl e limits. The measured resul t at ST- J2 is 27 I11 g/l, which 

is quite near to the upper threshold level of 30 mg/1. The effect of ferroma gnes ian 

minerals found in the loca l rocks is responsibl e for this grea ter concentration of 

magnesium. 
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Fig 5.9 Graph of Magnesium (Mg2+) for the Monitored Values of Physiochemical 

Parameters in Contrast to the WHO's recommended levels 

5.6 ANIONS 

5.6.1 Chloride (Cn 

One of the main anions in water is chloride (Cn, which is often coup led with 

calcium, magnesium, or sodium to prod uce so lubl e salts . Surface and groundwater 

chloride can come fro m both natural and anthropogenic sources CA. K. T iwari & Singh, 

20 14). Monitored values of chloride for the co llected water samples are presented in 

the tabl e 5. ] and graphi ca lly compared with World hea lth Organi za tion permiss ibl e 
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limits in Fig 5.10. Throughout the study area, the Cl - concentration in all sampl es of 

surface water was much below the acceptabl e threshold level-, w hich is 250 mg/l for 

portab le water, suggesting that the wa ter is safe to consu me and other applications. 

Overa ll , the chloride concentrations ranges from 39 mg/l to 106 mg/l with an average 

of68.58 mg/l (table 5. 1). 
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Table 5. 1 Values of Physiochemica l Parameters in Water Sampl es, Compared to 

Standard Acceptab le Ranges 

Parameters N M in Max Mean St.dev Variance WHO L imit ICBE L imi t 

Cond uctivitY(~lS/cm) 40 60 .0 633.00 160.80 126 .5 ] 600 l. 86 1000 -

T urbidity (NTU) 40 1.1 126 .00 17.38 30.77 946.62 5 -

pH 40 6.8 8.83 7.88 0.54 0.29 6.5-8.5 -

TDS (mg/I) 40 33.0 389.00 102 .33 79.49 63 19. 10 1000 -

Hardness (mg/I) 40 188 .7 480.60 298.79 86 .59 7497 .79 500 -

Ca+2 (mg/I) 40 44.0 103.00 72 .83 16.47 271.33 300 -

Na+2 (mg/I) 40 5.4 125.00 22 .05 23 .81 566.7 1 100 -

Mg+2 (mg/I) 40 7.0 27 .00 12.70 4 .55 20.68 30 -

K+2 (mg/I) 40 5.7 38.7 1 13 .77 7.40 54.79 100 -

Cl- (mg/I) 40 39.0 106.00 68 .58 17.22 296.5 1 250 -

HC03- (mg/I) 40 87 .0 310.00 164.48 53 .88 2903.23 500 -

N03- (mg/I) 40 0.0 3.40 0.87 1.00 1.0 1 50 -

S042- (mg/I) 40 0.0 95.57 22 . 10 29.32 859.44 250 -

P042- (mg/I) 40 0.0 11.49 4 .74 3.7 ] 13 .79 10 -

Cr (mg/I) 40 0.0 0.00 0.00 0.00 0.00 0.05 -

Pb (mg/I) 40 0.0 0.02 0.01 0.00 0.00 0.01 -

Cd (mg/I) 40 0.0 0.01 0.00 0.00 0.00 0.005 -

Cu (mg/I) 40 0.0 l. 38 0.29 0.35 0.12 2 -

Zn (mg/I) 40 0.0 l.90 0.30 0.32 0.10 3 -

Fe (mg/I) 40 0.0 0.18 0.05 0.05 0.00 0.3 -

Hg (mg/I) 40 0.0 0.00 0.00 0.00 0.00 0.5 -

Mn (mg/I) 40 0.0 0.09 0.02 0.02 0.00 0.006 -

As (mg/I) 40 0.0 0.01 0.00 0.00 0.00 0.01 -

ICBE (%) 40 -9.4 9.84 6.58 4.53 20 .57 - ± IO% 
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5.6.2 Bicarbonate (HC0 3-) 

Water gains a lka linity , or the capacity to counteract ac idity, from carbonates 

and bi carbonates. T he carbonate, bi ca rbonate, and hydroxy l ions are responsible fo r 

alkalinity. Soft waters are often more ac idi c than hard waters, although the presence of 

ca rbonate and bi carbonate ions serves to buffe r the sys tem (No ll et & Gelder, 2000). 

T he tabl e 5 .1 does not in clude C03 ions beca use th eir concenb'a ti on is much lower than 

that of B C0 3 ions in the research region. The breakdown of carbonate rocks, such as 

limestone, dolomite, and magnes ite, produces C03 and HC03 ions, which prec ipitate as 

C02 (Nikanorov and Brazlmi kova, 201 2 ). HC03 ions are also produced during the 

di ssolution of carbonic acid R 2C03 (Ramesh and Jagadeeswari , 201 2). RC03 ions are 

the dominant ions amongst ani ons. Monitored values of sodium concentrations of the 

coll ected water samples are presented in the tabl e 5. 1 and graphica ll y compared with 

World health Orga nizati on permissibl e limits in Fig 5. 11. As per (WHO, 2022) the 

acceptabl e limits for the concentrati on of BC03 is 500 mg/l and the bicarbonate levels 

in all the samples co ll ected hom the study region are well within acceptabl e ranges. 

Overall , the R C0 3 concentrations ranges from 87 mg/l to 310 mg/l with a mean value 

of 164 mg/I (table 5. 1). 
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5.6.3 Nitrate (N03-) 

N itrate is a frequent food compo nent, w ith vegetab les often making up the 

m ajority of a person's daily di et intake. As a result of the excessive use of fert ili zer in 

farm lands, nitrates are mostl y released into the water from various agricultural 

operations (Towfiqu l Islam et a!. , 20 17). For the current region , (Fig 5. 12, tab le 5.1) 

Out of 40 surface water sampl es, 14 samples had N03- concentrations below the 

detectable limit, while the other samples have measured values that are s ignificantly 

low compared to the permissible limit. These results may be attributed to the fact that 

the sampl es come from glacier-fed channels located at high elevations, where the 

di ssolution of sa lts from glac ial depos its mi ght be a source ofN03, and there were no 

or li ttle up agricultural ac ti vit ies in the upstream (Ahmed et a!. , 2021; Nakhaei et a!. , 

2015). Debernard i et a!. (2008) examined the nitrate levels in groundwater and 

discovered that fert ilizers were the main cause of the high N03 levels . The overall 

concentration va lues of N03 - fo r the region of study ranges from 0-3.40 mg/l with an 

average of 0.87 mg/I (table 5. 1). No probable N03 contami nation sources were 

di scovered nea r the proposed water suppli es . 
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5.6.4 Sulfate (S042-) 

Su lfur and oxygen cOlllbine to make sulphate, which is a naturally occurring 

chemical. Minerals of varying types from differe nt groups of elements, such as sod ium, 

calcium, potassium, etc., were created by sulphate in soi l. Water contains su lphates 

because leached magnesium, sodium , and potass ium salts dissolve in water, but calc iu m 

and bariulll sul phate sa lts do not dissolve easi ly in water (Ts lam-ud-Din , Shah, M. T., 

& Khan, S. (2010)) . T he primary natural sources of S04 include biolog ica l reactions, 

weathering of sulfur-containing minera ls such halite, gypsum, pyrite, and related 

mineral sa lts. 
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Leaching of rocks and minerals from the top layer of soi l, and the oxidation processes 

(Dinka et aI., 20 15 ; Nikanorov., 20 12). Table 5. 1 shows the sulphate levels in the 

region's glacier streams which are graphi cally presented and compared w ith WHO 

standards in Fig 5. 13. Su lfate concentration in 15% of the water sa mpl es is found below 

the detectable limit however rema ining 34 samples have concentration less than 250 
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milli grams per liter, the maximum set by the WHO. The sulfate va lu es for all the tested 

samples were ranged from 0-95 .57 mg/I hav ing a mean va lue of22.10 mg/1. 

5.6.5 Phosphate (P042-) 

Phosphorus naturall y ex ists in mineral deposits and in rocks li ke apatite . Apatite 

is a g roup of phosphate minera ls that includes calcium, iron , chl orine, and a number of 

other elements in various concentrations. As the mineralized phosphate complexes 

degrade naturally during weathering, the rocks progress ive ly release the phosphorus as 

phosphate ions, which are so luble in water. Phosphates are not harmf-ul to humans or 

animals unless they are present in extremely higb concentrations (Archive Water 

Research Center - Phosphate in Water, 2022). Monitored values of phosphate for the 

collected water samples are introduced in the tabl e 5.1 and graphicall y co mpared with 

World health Organization permi ssible limi ts in Fig 5.14. Surface water samples taken 

fro m the stations ST- 13, ST-32, and ST-39 were exceed ing the acceptabl e tlu'eshold 

va lue for P04, which is 10 mg/l whi le the remaining 92 .5% of the sa mples are within 

in the acceptable limits suggested by WHO. Overall , the phosphate concentrations 

range from 0-11.49 mg/I with an average value of 4 .74 mg/1. 
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S.No pH 

ST -1 8 

ST- 2 7A 

ST - 3 8.29 

ST - 4 8. 14 

ST - 5 8.5 

ST - 6 8.2 

ST -7 8.03 

ST - 8 8. 11 

ST - 9 7.5 

ST -10 7.79 

ST - 11 7.9 

ST - 12 7.3 

ST - 13 7A 

ST - 14 6.8 

ST - 15 8.54 

ST -16 7.23 

ST - 17 7.06 

ST - 18 8.05 

ST - 19 8.7 

ST - 20 7.24 

ST - 21 7.86 

ST - 22 7.75 

ST- 23 7.3 

ST- 24 6.9 

ST- 25 8. 14 

ST - 26 7.5 

ST - 27 7.9 

ST - 28 8.6 

ST - 29 8A8 

ST - 30 8. 18 

ST - 31 8.11 

ST- 32 7.98 

ST - 33 7.9 1 

ST - 34 6.75 

ST - 35 8.77 

ST - 36 8.83 

ST - 37 8.27 

ST - 38 7.73 

ST-39 8. 14 

ST - 40 7.8 

Table 5.2 Hydrogeochem ica l parameters of individual water sample and their 
concentration in the study area 

Turbid ity EC TDS Til Na+ K+ MgH CaH CI- HCO) NO)- 1)04 

105 180 102 264.7 2 1.1 8 16.95 17 78 63 220 1.30 1.60 

2 .25 230 16 1 393 .9 35 .00 26.92 2 1 72 45 3 10 0.37 1.30 

8.08 80 53 383.3 12.00 9.70 9 44 55 110 0.75 1.11 

5. 15 11 0 8 1 332.6 18.00 11 .04 7 85 75 165 0.70 3.11 

IA9 170 96 385.3 16.37 10.63 10 49 58 134 0.00 2.26 

2.36 78 44 188.7 10.24 5.70 8 45 46 97 OA4 0.00 

2.05 J35 96 406.8 1 1.2 1 8.83 13 71 64 173 0.00 0.00 

3. 17 75 53 203.5 13.26 9.70 10 53 43 140 0.90 4.77 

4.27 2 10 137 464.2 19.16 6.07 15 87 39 266 0.00 1.74 

3.88 100 67 249A 13A6 6.98 9 72 58 138 0.00 9.00 

3. 17 163 96 373.6 15.24 9.70 II 84 77 167 0.53 2.53 

1.63 102 69 463.8 16.2 1 8.60 27 102 98 232 0.22 7.3 1 

1. 53 11 3 73 480.6 12A3 9.5 1 14 83 63 177 0.77 II A9 

1.8 132 85 299 15.26 8.79 15 95 95 2 10 2.30 2.26 

8 .1 90 52 199A 17 .24 9.70 9 65 70 150 1.11 0.94 

83 108 62 273.8 J3.29 10.60 18 80 55 170 2.90 7.66 

4.32 64 47 290.8 II A3 9.77 8 7 1 52 147 0.57 5.37 

39 94 68 236 .7 13.29 10.60 12 75 95 130 0.00 8.59 

2.56 66 42 328 .3 15.24 13.32 II 86 82 170 0.00 3.58 

90 133 85 344.7 15.26 12A2 13 94 67 147 0.67 0. 15 

19.26 60 33 282 .6 15.26 23.30 10 85 85 87 1.33 4.90 

2.63 100 62 406.8 18. 18 37 .34 19 100 66 179 0.00 6.08 

1.5 125 8 1 398 15.26 38.7 1 25 103 80 190 2.33 6A8 

56 84 57 207.6 7.37 14.23 11 65 55 150 3.00 0. 29 

26 11 5 82 232 .6 5.39 13.32 II 75 95 170 2.76 5.69 

126 147 89 303.3 7.37 19.67 13 100 80 200 3.40 8.98 

16 78 46 203.1 14.26 16.86 14 52 63 11 5 0.00 6A8 

5A l 264 170 19 1.2 33.00 11 .5 1 7 59 58 145 0.00 8.85 

19.28 145 102 2 15.8 37.87 14 .76 II 54 73 134 0.80 0.94 

9 .36 200 134 257.6 3 1.50 10. 5 1 II 6 1 43 140 0.00 7.93 

17 .02 194 107 199A 15.26 11.51 9 65 85 J30 0.00 1.08 

2A I 192 11 2 270.1 7.37 15.14 II 90 70 110 1.30 10.70 

1.84 187 100 211.9 13.29 9.70 9 70 60 141 0.69 7.53 

2.07 196 12 1 228.3 9.34 7.88 13 70 55 130 0.56 0.15 

1.26 607 385 423.2 125 2 1.27 10 56 97 298 0.00 OA2 

1.67 633 389 365.8 III 22.75 11 80 106 297 0.00 9. 11 

4A6 70 52 207 .6 36.97 9.70 II 57 55 110 0.00 9.38 

1.52 4 15 277 236.5 2 1.l 8 11.5 1 15 70 85 140 0.87 OA2 

7A4 85 58 270. 1 3 1.05 9.70 11 55 63 133 2.76 11 .35 

1.1 102 67 276.9 11.32 15 .86 19 55 69 127 IA 8 8.06 
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SO.I WQI 

0.00 7 1. 3 1 

0.00 25.75 

0.80 23.23 

0.85 22. 92 

0.70 23 .29 

0.00 17.96 

0. 22 23 

0.00 24.5 

0.22 30 

0.00 21.37 

0.00 26 .1 3 

3.59 29.25 

1.76 30. 17 

58.55 24.5 

0.22 16.37 

52.38 58.74 

3.69 18.54 

0. 5 1 40.23 

3AO 22.74 

64.24 69. 19 

72.53 3 1.63 

89 .32 28.65 

95 .57 28.J3 

84.97 53.07 

24.6 1 36.22 

3.2 1 83.78 

4. 27 25.32 

12.85 22.2 1 

16.7 1 33.64 

4 1.20 22. 11 

2.53 24.85 

54.60 24.6 

4.27 2 1.1 5 

45 .92 18. 1 

12A6 53 

15.78 51 

49.58 19.87 

45 .63 2 1 

0.03 28. 15 

16.7 1 24 



S.No 
ST - 1 
ST - 2 
ST - 3 
ST - 4 
ST - 5 
ST - 6 
ST -7 
ST - 8 
ST - 9 
ST -10 
ST - 11 
ST -12 
ST -13 
ST -14 
ST -15 
ST -16 
ST -17 
ST - 18 
ST -19 
ST - 20 
ST - 21 
ST - 22 
ST - 23 
ST - 24 
ST - 25 
ST - 26 
ST - 27 
ST - 28 
ST - 29 
ST -30 
ST - 31 
ST - 32 
ST - 33 
ST -34 
ST - 35 
ST - 36 
ST - 37 
ST - 38 
ST - 39 
ST - 40 
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Table 5. 3 Heavy metal concentrat ion in (~lg/L) for individual water samp le of the 

s tudy area 

Cr ]lb Cd ClI Zn Fe Hg Mn As 

BDL BDL 3.3 930 340 77 BDL 10 BDL 
- - 2 430 3 10 30 - 30 8 
- 3.7 2.7 760 180 80 - 15 BDL 

- 7 0 590 50.0 135 - 12 -

- 3.4 4 370 430 100 - 22 -
- 4.4 2 0 180 140 - 0 -
- 5 4 265 65 80 - 15 -
- 2.7 3.2 0 120 30 - 25 8 
- 9 5 330 530 70 - 10 BDL 

- 5 1 740 340 15 - 0 -

- 10 3 30 240 60 - 15 -
- 9 3.6 230 260 45 - 10 -

- 11 4 40 320 56 - 0 -

- 6 4 0 30 15 - 0 -
- 0 0 0 550 10 - 15 -
- 3.6 0 440 260 0 - 0 -
- - 2.7 235 120 30 - 35 -

- 4.3 2 450 470 35 - 10 -

- 4 0 0 310 0 - 25 8 
- 10 4 0 420 60 - 0 BDL 
- 9 0 130 840 20 - 65 -
- 7 2.4 0 460 87 - 40 -
- 4 2.8 50 360 105 - 25 -
- 13 4 230 160 38 - 10 -

- 9 2 170 320 25 - 15 -
- 3.7 3.1 320 380 0 - 10 -

- 7 0 0 0 12 - 20 -

- 0 2.3 0 40 30 - 25 -

- 9 4 34 80 15 - 45 -

- 0 0 570 330 35 - 0 -

- 5 0 0 280 68 - 10 -

- 8 0 760 180 30 - 0 -

- 5 2.3 0 290 10 - 0 -
- 2 3 0 390 0 - 0 -

- 19 7.2 1380 1530 165 - 70 -

- 17 5 1180 1230 175 - 85 -
- 0 0 310 20 100 - 10 -
- 5 0 30 510 40 - 30 -

- 8 2.4 370 50 10 - 30 -

- 4 2.2 30 1900 45 - 20 -

HPJ 

22 .93 
19.61 
2l.43 
21.31 
20.95 
25.52 
20.42 
]8.02 
17.95 
21.93 
18.56 
18.75 
18.79 
20.38 
24.96 
23.28 
23.24 
21.72 
18.96 
18 .3 
19.6 
19.87 
21.37 
19.56 
19.5 
21.54 
21.53 
23.73 
18.14 
24.95 
22.57 
20.95 
21.67 
22.79 
20.86 
20.82 
24.88 
22.22 
19.5 1 
21.86 



5.7 EVALUATION OF WATER QUALITY 

5.7.1 Water Quality Index (WQI) 
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The Water Qua li ty Index is a usef"ul tool for determining potabl e wate r quality and 

di splay ing the resul ts in an understandable manner. In order to protec t human hea lth, it 

integrates all the parameters and compares them to tbe standards recommended by tbe 

government authoriti es . These indi ces provide a simple, unitl ess value that ex presses 

water quality to the public or the authorities with ease. (Horton , 1965) created the first 

WQI mode l in the literature by stati sti cally categoriz ing the water quality index . Brown 

(1965) made additi onal modifications in conjuncti on with the National Sanitation 

Foundation water quali ty index (NSFWQ). 

WQI is a robust mathematical approach for s implifying and presenting mass ive 

am ounts of water quality information as a s ing le va lu e and to create an in -depth 

assessment of the groundwater qu ality (Ra makrishnaiah et a1. , 2009; Yaro l & Davraz, 

201 5). Scientists througbout the world utili ze WQls to evaluate the Safety of drinking 

water across various geological settings (Adimalla et aI. , 201 8; Aly et a I. , 201 5; 

R amakri shnaiah et a I. , 2009) . For the current s tudy, each monitored water quality 

param eter is assessed to determine the suitability of the coll ected water samp les for 

drinking purpose. The key physiochemi ca l variabl es used for the computation of WQI 

inc luded EC, pH, turbidity, hardness, TDS, Ca+2, Mg+2, K+, Na+2, S0 42-, N03-, Cl-, 

H C0 3-, P04-, Cr, Pb, Cd, Zn, Fe, Hg, Mn, and As respectively. The water qua li ty index 

was computed us ing the four steps listed below: 

1. Tn the first step each phys iochemica l characteri sti c was ass igned a weight 

according to its proportionate influence on the overall quality of wate r suitable 

for hum an consumption. The followin g formul a is used to determine the relative 

we ight (T¥.): 
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(2) 

whereas, "W;" is the relative weight, "w;" represents the weight of each 

parameter and "n" is the number of total paralTleters 

2 . T he observed va lue of each physical and chemical param eter is divided by its 

corresponding (WHO, 2022) sta ndard , and the resulting percentage is used to 

c reate a quality rating sca le (Qi), where 100 represents the optimal level of 

quality. 

(3) 

Whereas, "C;" represents the measured value of the parameters in m g/ l and "S;" 

are the WHO sta ndard 

3. Depending on th e va lu e of each indi ca tor of water quality, "S]" was calcul ated 

in the WQI's fin al step by mUltipl y ing the re lative weight (Wi) with the quality 

rating scale (Q;). The wa ter quali ty index is equal to the sum of "Si". 

(4) 

WQI = LSI; (5) 

The most s ignificant step in detennining a phys iochemi ca l parameter's 

s ig niflcance for drinking purposes is to assign weights to each chemical parameter. 

Each of the 23 parameters has been given a weight (w;) based on its relati ve significance 

to the overall qua li ty of potab le water, as indicated in the table (5.4). The weights of 

the parameters range from 2 fo r the least significa nt to 5 for the most significant. 
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Table 5. 4 Relative Weight of Physic-Chemical Parameters 

Chemical WHO Standard W eight Relative W eight 
Parameter (2022) (Wi) (Wi) 

PH 8.5 4 0.05 
Turbidity (NTU) 5 2 0.02 

EC (~ls/cm) 1000 4 0.05 
TDS (mg/ I) 1000 5 0.05 
CI- (mg/ I) 250 4 0.05 

Mg+2 (mg/I) 30 2 0.02 
Ca+2 (mg/I) 300 2 0.02 

Total Hardness 500 2 0.02 
HC03- (mg/ l) 500 3 0.04 
Na+2 (mg/ I) 100 3 0.04 
K+ (mg/ I) 100 2 0.02 

sOi- (mg/ l) 250 5 0.06 
P04-{mg/l) 10 3 0.04 
N03- (mg/l) 50 5 0.06 

Cr (mg/I) 0.05 5 0.06 
Pb (ing/I) 0.01 5 0.06 
Cd (mg/l) 0.005 5 0.06 
Cu (mg/ I) 2 2 0.02 
Zn (mg/l) 3 3 0.04 
Fe (mg/I) 0.3 4 0.05 
Hg (mg/l) 0.006 5 0.06 
Mn (mg/ l) 0.5 4 0.05 
As (mg/I) 0.01 5 0.06 

I Wi = 84 I Wi =1 

It is crucial to differentiate between the quality of gro undwate r and surface 

water uti I ized for drinking and for various other uses. WQI categorizes qual i ty of water 

into qualitative words (such as excell ent, good, medium, bad, and extreme ly poor) for 

the management and genera l public to take into consideration (A. K. T iwar i et a I. , 

2018). For the current study, wQr value for a ll the collected water samp les is 

determined and class ification of the quality of the water is done using WQT suggested 

by (Ad im all a et aI. , 20 18; Kumar et aI. , 20 19; R. N. Tiwari, 20 11 ). Adima lla , 20 19 

recommendations were u sed to estab li sh the standards for categoriz ing quality status of 

drinking water for the study region based on the WQI number. (Table 5.5) 



67 

Tab le 5.5 Categori zation of water quality status based on WQI va lue (afte r Ad imall a 

et a l. , 2019) 

WQT Valu e Water Quality N umber of Iyo Samples 
samples 

<25 Excellent 20 50 

25 -50 Goo cl 13 32 .5 
50- 100 Medium 7 17.5 
100-1 50 Poor 0 -

> 150 Extremely P oo r 0 -

The measured WQT va lues for each of the 40 water sampl es fe ll into the 

excell ent, good, and meclium categori es. Tabl e 5.5 detail s the c lass ifi cation crite ri a fo r 

water samples that have been eva lu ated . Fig 5. 16 and 5. 17 shows that twenty of forty 

samples had values below 25, indicating that this was the case (i.e., exce ll ent quali ty) . 

Thirteen of the other twenty samples had wQr scores between 25 and 50 (cons idered 

to b e of good quality) , while the remaining seven had wQr values between 50 and 100. 

(i.e., med ium quality) . For most of the water samples' indi ca tor va lues for the under 

exa mination phys iochemical parameters were determined to b e within acceptab le limi ts 

s ince they deri ved fro m hi gh-altitude, g lac ia lly-fed water channels and tributa ries that 

are unlike ly to contain dissolved or undi ssolved contaminants. 
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5.7.2 Heavy Metal Pollu tion Index (HPI) 

One of the world' s problems is the poiso ning of drinki ng water with HMs from 

both natural and man-made sources. In northern Pakistan, like in other rural areas, 

fres hwater is essenti al for surviva l. Tt supports a va ri ety of agro-pastoral li ve lihoods in 

addition to bei ng used for consuming and other domestic needs (Ba ig et aI. , 2019). 

Surface waters in iso lated regions of northern Pakistan with exposed geo logy and 

mineralized zones have rarely been reported to contain contaminated water and fi sh 

(Muhammad & Ahmad, 2020). In this context, iti s crucial to monitor the level of heavy 

metal contamination in glacially supplied surface waters. The polluting variables that 

are observed for the eva luat ion of any sys tem's quali ty provides info rmation on the 

po lluti on exclusive ly in relation to that specifi c paramete r. In order to acquire a 

composite effect of all pollution-related characteristics, quali ty indices are helpfl.Ii 

(Prasad & Bose, 2001a) . Recently , (Kumar et aI. , 2019; Prasad & Bose, 2001a) 

examined the heavy metal pollution index (HPI) and the amount of heavy meta l 

contamination in both surface and groundwater. In the current invest igation , the 

weighted arithmeti c average mean technique of index ing was utilized to determine the 

total p olluti on produced by heavy metals in the sampl es whi ch is developed by (Prasad 

& Bose, 2001b; Sheykhi & Moore, 201 2). Nine heavy m etal concentrations namely 

clu'omium (Cr), lead (Pb) , zinc (Zn), cadm ium (Cd) , copper (Cu), iron (Fe), manganese 

(Mn), arseni c (As), and mercury (Hg) have been eva luated in water sampl es taken from 

glacier fed streams in the region. 

The HPJ measures the overall impact of indiv idual I-IMs on the qua lity of 

surface water (Kumar et a I. , 2019; Sheykhi & Moore, 201 2). Two basic steps are used 

to prod uce the I-rPI approach. The first step is to ass ign a weigh ting (W i ) to each 



70 

parameter. In add ition, the index's fo undati ona l po llu tion parameter mu st be chosen . 

The rating scale is arbitrary, go ing from 0 to 1, and it's meant to indicate the relative 

weight of severa l quality charactelistics. Sett ing va lues that are inverse ly proportional 

to the suggested standard fo r the relevant parameter might be used to eva luate it (Kumar 

et a I. , 20 19; Prasad & Bose, 200 I a; Sheykhi & Moore, 20 ] 2). T he unit weigh tage (Wi) 

used in the calcul at ion is considered to be inversely proportional to each heavy metal 's 

the recommended standard value. Concentration limitations fo r this research (i.e., 

highest permitted va lue for drinking water (Si) and the maximum desirable va lue (Ii ) 

for each heavy metal were taken from (WHO, 2017) . The HPI model suggested by 

(Mohan & N ithila , 1996) is given by: 

"n W · X Q. 6[·-1 l l 
HPI = - (6) 

2::r=l Wi 
W here, "Qi" represents the Sub index of th e ith parameter. and "Wi " rep resents 

unit weight of the ith parameter and " n" represents the number of parameters eva luated. 

The sub index (Q i ) of the parameter is computed by, 

n 

I IMi - iii 
Qi = x 100 

Si - I i 
(7) 

i=l 
Where "Mi" is the measured va lue of ith parameter, "Ii" is the ideal value or 

hig hest desirable va lue of the ith parameter, 

For any particular purpose, pollution indices are often ca lculated. The permitted 

or critica l polluti on index score for potable wa ter is J 00 in the suggested index; it is 

meant to measure the fitness of wa ter quali ty of water for human use. 
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Tab le 5.6 Parameters for HMs in surface waters based on (WHO, 20 17) 

recommendations for potab le water 

Heavy Highest pe,omitted Maxim um desi,oable Unit weight 
Meta ls value (Si) value (Ii) (Wi) =1/ Si 

Cr ( ~lg/I ) 50 10 0.02 
Pb (~lg/ l ) 50 10 0.02 
Cd ( ~lg/ I ) 50 10 0.02 
Cu ( ~lg/ I) 2000 1000 0.0005 
Zn (~lg/ I ) 3000 1000 0.0003 
Fe (~lg/ l) 1000 100 0.001 
Hg ( ~g/ I ) 60 10 0.016 
Mn (~lg/ I ) 300 100 0.003 
As (~g/ I ) 50 10 0.02 

- - I Wi = 0.1008 
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The monitored va lues of nine heavy metals (Cd, Cr, Cu, CLI , Zn, Fe, Hg, Mn, 

and As) have been considered whil e ca lcul ating the HPI of the water samples taken 

from the glac ier-fed streams in the Gilgit river basin . In table 5.4, parameters for the 

computat ion of the HPI with unit weightages Wi and recommended limits are given for 

the region. Concerns may arise about the water' s fitn ess fo r drinking if heavy meta l 

concentrations in water systems exceed those that are norma lly antic ipated (Gowd et 

aI. , 2008; Krishna & Gov il, 2004; Romic et aI. , 2003) . 
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Fig 5. 18 Heavy Metal Pollution (HPI) Values for the Co llected Water Samples 
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T he computed HPI va lues for each of the forly sampl es ranged from a minimum 

of 17 .95 to a hi gh of 25 .52, respecti ve ly as shown in Fig 5. 18. The HPI va lue of a ll th e 

water samples is fa r be low the criti ca l index va lue of 100, w hi ch indicating no 

contamination w ith heavy meta ls. It means the glac ier fed water channels receives less 

pollutants fro m both geogeni c and anthropogenic sources. T his ind icates a better wate r 

quali ty and safe for hum an consumpti on in the region. 

5.8 WATER QUALITY ASSESSMENT FOR IRRIGATION PURPOSES 

T he quali ty of irri ga tion water indicates its mineral makeup and also shows how 

it affects the soi l and plan ts. Depending on its orig in, the varying geo logy of the region, 

and the weather patterns there, the compos iti on of an area's irrigation wa ter may va ry 

widely (Khanoranga & Kha lid, 201 9). Agriculture is the predominant activity in the 

rock-dominated, arid areas of G il git Ba ltistan, w here the main crops are w heat, maize, 

potato, and frui ts such as cherry, apri co t, and apples, whi ch playa s ign ificant part in 

the region's economy. People of the area re li es on the glac ier melted waters for their 

irri gation purposes. Therefore, it is essenti al to analyze and eva luate the feas ibility of 

water quality in the area for irri gation. 

Irrigation water qua lity was eva luated through sui table parameters like sodium 

absorption ratio SAR (Varol & Davraz, 2015), res idual sodium ca rbon ate R SC 

(Raghunath, 1987; Ea ton, 1950), sodium percentage %Na (W ilcox, 1955), 

permeabi li ty index PI (Doneen, 1964), and magnes ium haza rd ratio MHR (Adima ll a, 

20 19; Raghunath, 1987) are calcul ated. For the current study, all ioni c concentrations 

used in the computati on are g iven in milliequiva lents per liter (meq/L). 

5.8.1 Sodium Absorption Ratio (SAR) 

Tn respect to ca lcium and magnesium concentrations, the sodium absorption 

ratio (SAR) is a crucial indi cator of the danger posed by sodium sa lt (Adima lla et aI. , 
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20 18; P. Li et aI. , 20 18). For the reason that an excess ive amoun t of sa lt may damage 

the so il' s capac ity to drain and its overall structure. Todd & Mays, 2004 came to the 

conc lus ion that the SAR evaluates how w ell water can be used fo r farm ing. SAR is 

computed us ing equation 8, proposed by (Patterson, 1994). 

Na2+ 
SA R = --;:::::==== 

Jca2+ i Mg2+ 
(8) 

The calculated values of SAR fo r coll ected water samples in the region ranges 

range from 0.11 - 3.03 w ith an average va lue and sta ndard deviati on of 0.48 and 0.55, 

respectively (tab le 5.7). 

R ichards (1954) had classified the surface water, based on SAR va lue and class ifica ti on 

cri teria are shown in th e tabl e 5.8. A ll of the obta ined water samples were good 

qu ality for use in ilTigatio l1 , as determined by the criteria, when the SAR va lue rises 

over 10, sodium salin ity becomes a ri sk, slowing p lant development by a ltering the 

nutriti onal rati o of calc ium to magnesium whi ch in-turn cause pe l111 eabili ty probl ems 

in the so il (Adim all a, 20 19; Khanoranga & Khalid, 201 9). 

5.8.2 Residu al Sodium Carbonate 

Around the globe, the res idual sodium carbonate ratio is another measure of 

water quality used to determine whether or not water is suitabl e for ilTi ga tion 

(Selvaku mar et a I. , 201 7). Hi gh concentTations of weak ac ids (measured as the sum of 

carbonate and bi ca rbonate) in groundwater re lative to alka line earths (sum of ca lciu m 

and m agnesium) have a signi fica nt influence on the quality of water used for irri ga tion 

w hich is calculated by equation 9 (Raghunath, 1987; Eaton, 1950) and meq/L is used 

to express all concentrations .. 

RSC = [(HC03 + C03) - (Ca 2+ + Mg 2+)] (9) 
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When carbonate and bicarbonate concentrat ions are greater than calcium and 

magnes ium concentrations, the RSC va lue increases w hi ch causes the so il to become 

more a lkal ine and the adsorption of sodium in the so il increases. Due to increase in 

alka lini ty the soil fert ili ty decreases (Eaton, 1950). Table 5 .7 provides a breakdown of 

the different types of irrigation water based on their respective RS C values . Fo r the 

current study, RSC va lues range fro m -4.08 to 1.26 (tab le5 .8) with an average va lue of 

- l.98. Roughl y 97 .5 percen t of the samp les had RS C-classified va lues below 1.25 

m eq/L, indicating that they are of high enough quality for irri gat ion use while only 

2 .5% (1 water sample) has having va lues in belween l.25 and 2.5 represents doubtful 

nature fo r irriga tion . High magnes ium and calcium contents in the surface and 

groundwater are indi cated by a negative RSC va lue. T hus, calc ium and magnes ium 

concentrations are essential in dete1l11ining the quali ty of ground and sur face water. 

Compared to calc ium, magn esium can have more nega ti ve impacts on so il. T herefore, 

determining the magnes ium hazard ratio is crucial. 

5.8.3 Magnesium Hazard (MH) 

Norma lly, the concentrat ions of Ca2+ and Mg+2 are usually well-balanced. T he 

equilibrium can be di sturbed occas ionally by a hi gh M g2+ concentration , and an excess 

of Mg2+ can affect p lant growth by making the water more alka line. The MH va lue is 

ca lculated for the co llected water sa mples in meq/L by us ing the equation 10 

(Raghunath, 1987; Abdulhussein, 201 8). 

Mg 2+ 
M H = (C 2+ 2+) X 100 a +Mg 

(10) 

T he hi gh magnes ium concentration 111 wa ter ralses its alka lin ity, which 

negatively impacts agricultural y ie ld . If the magnesium is in 50% excess, then the 

concentration of ca lcium in water than it retards the infi ltration of so il and therefore it 

cannot attract clay particles. Thi s action resul ts in s ignificant water adsorption between 
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the magnes ium and c lay fragments, which lowers the infiltration capac ity of so il 

(Adi mall a et a I. , 2018; Khanoranga & Khalid, 2019). The findings of the present 

investigat ion showed that the magnes ium hazard (MH) va lu es in tab le 5.7 the water 

samples ranged from 11.95 to 36.29 w ith an ave rage va lue of 22.26 meq/L. A ll the 

sampl es of water from the region under investigation that were ga thered met a ll 

requirements es tab li shed for class ifi cation of wate r, tabl e 5.8 in sense of the magnesium 

risk and haza rd , making it completely suitabl e for agri cultmaluse. 

How much percentage of sod ium sa lt is present in water is a major co nsideration 

w hen deciding whether it may be used fo r irri ga tion since it indica tes the ri sk that 

sodium poses to the quality of irrigation water. High sodium concentrations in so il 

causes reducti on in so il permeability which redu ces the g rowth of plants (AI am et al. , 

201 2; Wi lcox, 1955) . T he equ ation II is utili zed to calculate the sodium percentage of 

the water sampl es (Ghalib, 201 7) . 

Na+ + f(+ 
Na% = X 100 

Ca 2+ + Mg 2+ + Na 2 + + f( + 
(11 ) 

Sodium percentage in the water samples range from 11 .0 I to 62 .32 with an 

average va lu e of 22.26 (table 5.7). The water in the research region was categori zed 

using the Na+ (%) standard class ification (tabl e 5.8) several researchers have adopted 

(Islam et aI. , 2000; Srinivas et aI. , 20 17). 

5.8.5 Permeability Index (PI) 

An other crucia l facto r to consider when determining if groundwater and surface 

water is suitab le for ilTi gation purposes is the permeability index (PI). Use of mineral-

rich (Na+, Ca2+, M g2+, HC03-) wate r for an extended period of time red uces so il 

permeability, which indirectl y affects crop output (S ingh et aI. , 2008). The equation 12 
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is used to ca lcul ate the permeabili ty index In accorda nce w ith the (Doneen, 1964) 

standard requirements. 

(Na+ + ,j HC0 3 ) 
PI = x 100 

(Ca2+ + Mg 2+ + Na+ ) 
(12) 

Using irrigation over an extended period So il aeration is bampered by mineral-

ri ch w ater, which makes soil di f fi cul t to pl ough, and also affects seedlin g emergence. 

Overall , Pl ant growth is negative ly impacted by decline in permeability index . PI sco res 

of the area under study ranges between 2 1.50 to 39.34 with an average score of 30.5 1 

tabl e 5.7. T hree classes were included in the Doneen classifica ti on for water based on 

PI levels i. e. , good, suitabl e and unsui table (tabl e 5.8). According to PI c lass ifica tion 

for current study, 90% (36 samples) o f the water sampl es had a value >75 depicts good 

class while the remaining four sa mples have values <25 shows unsuitabl e for irrigation 

based on PI values. 

Tabl e 5.7 Calcul ated Irri gation Water Quality Indi ces for the Region 

Parameter(meq/L) Range Mean Standard 

deviation 

SAR 0.11 -3 .03 0.48 0.55 

RSC -4.08-1 .26 - 1.98 1.03 

%Na 11 .01-62.32 20.76 10.74 

PI 21.50-39.34 30.51 4.21 

MH 11.95-36.29 22.26 5.09 
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Table 5.8 Suitab il ity of Surface Water for lITi gation Based on Various C lassifications 

Parameter Ran ge Class ification No. of samples % Samples 

0-10 Excellent 40 100 

SAR 10-18 Good - -

18-26 Doubtful - -

>26 Unsuitable - -

<20 Excellent 25 62.5 

20-40 Good 13 32.5 

Na% 40-60 Permissib le I 2.5 

60-80 Doubtful 1 2.5 

>80 Unsuitable - -

<1.25 Good 39 97.5 

RSC 1.25-2.5 Doubtful 1 2.5 

>2.5 Unsuitabl e - -

MH <50 Su itab le 40 100 

>50 Unsuitab le - -

>75 Good 36 90 

PI 25-75 Su itab le - -

<25 Unsuitable 4 10 

5.9 THOSE REPORTED IN LITERATURE 

Figures 5.19, 5.20 and 5.2 1 shows a comparison between the physiochemical 

parameters of the current study and those that have been published in the literature. 

Understa nding the differences in water chemistry at varioll s research locations is made 

poss ible by this comparison approach . 

T he comparison of the monitored phys ical parameter (i.e ., pH, TDS, EC and 

turbidity) va lues of the water specimens are presented in F ig 5. 19. The average pH was 

determined to be somewhat bas ic and higher than observed and published va lues in the 
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literature. This could come from th e di sso lu tion of carbonated rocks (Ahm ed et a I. , 

202 1; A li et a I. , 20 16; Din , 20 10; Hussain et aI. , 2015 ; Karim et a I. , 2014). For the 

current inves ti gation, the average va lue of turbidity was fo und above the acceptabl e 

limit of the World Hea lth Organization, which was in line w ith the majority of the 

results reported in prev ious stud ies (S . Ali et aI. , 20 17; Shedayi et aI. , 2015 ; Sohail et 

aI. , 2019). Tn the dow nstream water presence of sediments, inorga ni c or organi c 

content, and anthropogenic activity in the area, are all co ntributing facto rs to high 

leve ls ofturbidily (Ahmed et a I. , 2021; Sohail et a I. , 20 19) . Compared to reported mean 

va lues in the literature, the mean conductiv ity value of the current Shldy is sa id to be 

slightl y lower. 
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• Al i et a l. 2013 7.46 0.3 218 360 

• Karim et al. 2014 7.30 5.8 143 599 

• Shedayi e t a l. 2015 6.94 68.7 290 395 

• Ali e t a l. 2016 7.65 350.0 394 280 

• Din e t a l. 2017 6.43 44.3 101 203 

" Ali et a l. 2018 7.30 55.1 0 187 

• Sohai l et a l. 2019 7.90 25.0 166 233 

• Ahm ed et al 2021 7.12 3.3 156 226 

• Curre nt study 7.88 17.4 102 160 

Fig 5. 19 Physica l Properti es of the Water Samples Compared to those in Pub lished 

Resea rch. 

Tn comparison to th e TDS va lu es reported by A. A li et a l. ( 2016) , Shedayi et 

al. (20 15), Sohai I et a l. (20 19), and Ahmed et al. (202 1) for the wa ter sampl es of Gi Igi t 
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ri ver and g lac ier-fed stream s they co llected, th e mean T DS va lue of the current s l~udy 

shown lower va lues. 
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• Hussa in et a l. 2014 2.81 3.70 45.92 15.57 0 .00 0 .00 0 .00 

• Ra za e t a l. 2015 3.79 0 .00 0 .00 0 .00 2.70 0.00 30.90 

• Ali e t a l. 2016 45 .92 0.00 0.00 0 .00 35 .50 0 .00 34.65 

• Za fa r a nd Ahmad. 2018 15.57 0 .00 0 .00 0.00 10.63 36.51 22 .95 

.. 50ha il e t a l. 2019 7 .00 2.70 35.50 10.63 7 .07 61.30 0 .49 

• Muh ammad e t a l. 2020 0 .00 0 .00 0 .00 36.51 61.30 0 .00 22 .60 

.. Ahmed e t a l. 2021 5 .72 3.48 94.64 3 .98 54.00 22.60 0.10 

• Curre nt study 22.05 13.77 72 .83 12.70 68 .58 22. 10 0 .87 

F ig 5. 20 C hemi cal Characteri stics of the Water Samp les Compared to T hose in 

P ubli shed Research 

F ig 5 .20 displays the diffe rences in the concentrations of an ions and cations that 

were monitored in earlier research. T he mean levels of the ions Na+, K+, and Cl- were 

discovered to be higher than those noted in the data released by (Ahmed et aI. , 2021; 

Zafar and Ahmad 201 8) . T he rapid disintegrati on of carbonate and s ilicate rocks may 

be th e reason of the rise in these ions concentrati ons (Ahmed et a!. , 2021; Muhammad 

& Ahmad, 2020). T he observed average va lues of Ca2+ ion was found lower as repor ted 

by Ahmed et a I. , (2021) and higber than the va lues pub lished by (A. A li et a!. , 201 6; 

Sohail et a I. , 2019). The mean NO)- ion concentration in the area for the sa mples that 

were co ll ected was much lower than the mean concentrations reported by (A. A li et a!. , 

201 6; Zafa i' and Ahmad, 20 18) and likely equi va lent to the concentrat ion prev ioLlsly 
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reported by Ahmed et a l. (202 1). Thi s low level ofNO]- is a result of decreased fertili zer 

usage in the upstream area, as excessive fertili zer use raises nitrate leve ls in water. 
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• Din, 2010 2 4 362 165 9 2.32 3 1 10 50 

• Baig et a l 2018 40 0 800 25 32.5 4.25 13 3 27.5 0 

• Ba ig et a l. 2019 88.5 0 1684 58 544 5.7 15 4.6 17 0 

Muhammad et a l. 2020 8.5 11.19 64.2 69.63 58 2.32 3.71 0 0 0 

• Current study 0 0 371.87 51.95 285 2.33 5.82 0 0.6 18.97 

Fig 5. 2 1 Heavy metals of the water samples compared to those in publi shed 

resea rch . 

Heavy metal s including iron, zinc, manganese, and copper are essential for li fe 

at low concentrations despite their persistence, toxicity, and bio-accumulative nature 

but they have haza rdous effects at large concentrations. The current study found that 

drinking water samples had mean concentrations of harmful heavy metals (i.e., Ni, Fe, 

Cu, and As) that were significantl y lower than those previously reported by (Baig, 

Begum, Raut, et a I. , 2019; Islam-ud-Din , 20 I 0; Muhammad & Ahmad , 2020). Is lam-

ud-Din, (20 I 0) reported that there was a trace amount of Cr and Hg in the water, and 

High concentrations of chromium reported by (Baig, Begum, Khan , et aI. , 2017; Baig, 

Begum, Raut, et aI., 2019) whi ch exceeds the WHO permissible limits. The present 

investigation, states that the levels of Cr and Hg were all below the detectab le limits. 



81 

Lack of upstream mining and farming mi ght account for the lack of co ncentration . The 

mean va lue of Arseni c is also found comparatively very low in a few waters sample as 

reported in the literature. 

5.10 HYDRO-GEOCHEMTCAL PROCESSES 

5.10.1 Gibs Plot 

In order to analyze the geocbemical processes involved in controlling the 

surface water chemistry (Gibbs, 1970) created a plot in the form of two semi-log 

diagrams, ca ll ed Gibbs plot. Gibbs plot explains three main factors affecting water 

chemistry using analytical chemical clata for mUltiple surface and underground water 

basins. Rock domination, evaporation crystallization, and atmospheric precipitation are 

the three major controlling factors. From bottom to top, the Gibbs plot (Fig 5.22) 

explains the governing factors: Prec ipitation dominance, rock dominance, and 

evaporation dominance. Specimens with a low TDS (0- 10 mg/l), Na+/ (Na+ + Ca2+), 

ancl CU (CI-+ HC03-) ratios ranging from 0- 1 typically fa ll on the bottom section of 

the plot, which reflects the precipitation dominance in governing the chemistry of 

water. The center- left portion of the plot, where water samples with medium 

concentrations of dissolved sa lts (70- 300 mg/I), Na+/ (Na+ + Ca2+), and CI-/ (Cl- + 

HC0 3-) ratio <0.5 , indicates the clominance of rock weathering. When the ratio of th e 

Na+/ (Na+ + Ca2+), and Cl-/ (CI-+ HC03-) between (0.5-1) and the disso lved sa lt va lue 

increases over 300.0 mg/l, the dominance of evaporation takes place (Rehman Qaisar 

et aI. , 2018; Stallard & Edmond, J 987). 

All of the water sa mples from the research region that were analyzed in this 

study were found to be inside the rock weathering dominant zone. This indicates that 

the rock disso lution can highly influence the water chemistry of glacier fed streams. In 

terms of the region's geo logy, the area under investi gation is dom inated by silicate rocks 
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i. e., granite, carbonate rocks, basa lts , and schi sts (Ahmed et a l. , 202 1). T he rock-water 

in teraction results in the disintegration of the minerals found in the rocks which is the 

main source of TDS, M g2+, Ca2+, Na+, CI-, H COJ2- and other di sso lved ion s in the 

glacial-fed surface water of the region under study . To determ ine the primary 

influencing variab les on surface and groundwater chemistry , the G ibbs diagram is 

frequen tly utili zed in many regions around the g lobe (Ad imall a et a l. , 201 8; P. Li et al. , 

201 6; Rehman Qaisar et al., 20 18; Towfiq ul Is lam et al. , 201 7). These demonstrate that 

the interaction between rock and water is one of the most s igni fica nt and dominant 

va riables controlling the surface water chemi stry in the studi ed region. 
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F ig 5 . 22 Gibs P lot Showing (a) TDS vs Na+INa+ + Ca2+, (b) TDS vs Cl-IC I -+ HCO]­

Showing Dominance of Rock Weath ering 

5.11 CHARACTERIZATION OF GEOCHEMICAL FACIES AND HYDRO 

CHEMICAL WATER TYPES 

5.11.1 Piper Graphical Plot 

To get a deeper understa nding of the sources of dissolved components in water, 

(Piper, 1944) suggested an effic ient graphi c procedure. Since most water in its natural 

state is thought to include cations and anions in a condition of chemica l equilibrium, 

this method was developed. The three cations that are thought to be most abundant are 

calcium (Ca2+), magnes ium (Mg2+), and sodium (Na2+) while Bica rbonate (HC03-), 

sulphate (S04-), and chloride are the three most dominant anions (Cn. Together with 

the m ain three an ions and cations, less frequent anion and ca tion com ponents are added. 

Piper, (1944) recommended draw ing two tri angles th at represent the cations and anions, 

respective ly, and one central diamond that summarizes both triangles in order to fo rm 

a graph contai ning the main components of water. T he ca ti ons are represented by the 
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left triangle, and the anions are represented by the ri ght one. T he ax is for ca lcium forms 

th e base of the cation triangle, whi le th e s ides on the left and ri ght represent magnes ium 

and sodium , respective ly . in the case of the anion, the base serves as the axis for the ion 

chloride, ri ght s ide for ca rbonate + bicarbonate, whi le the left s ide serves as the ax is for 

S04 ions. The hydro-Chemical fac ies ca n be ide ntifi ed based on location of the sample. 

Geo-chemical fa c ies are the chemi cal 1 y-based di agnostic feature of water so luti ons that 

occur in hydrolog ic systems, and they are describ ed in the Fig 5.23. Ana lytica l va lues 

are taken in the units of (Milli- equiva lent %). 

T he concentration of cations and ions in the research region is depicted in great 

detail by the piper trilinear di agram utilized fo r the current study, as seen in F ig 5.23. 

The bulk of the representative sampl es are located to the left com er of the cation 

triangle, w here the Ca2+ va lues are (> 50%), indi cat ing the predominance of calcium 

over magnes ium and Alka li s (Na+ and K+). Two sam pl es are located in the central 

portion of the cat ion triangle, showing no ca tion dominance, and two samples are 

loca ted in the right-hand corner, showing an e levated concentration of the ions Na+ and 

K+. This demonstrates the impact of local Na+ and K+ sources (A . Karim et a I. , 2000.; 

Rehman Qa isar et a!. , 201 8; Selemani et a!. , 201 7). To the co ntrary, approximately hal f 

of the sampl es in the triangle of anions are on th e left side of the tri ang le, indica ting 

that HC03- predominates over Cl- and S04-. Of the sampl es, 27% are in the middle of 

the triangle, indicating that no sing le anion is predominate. Higher Cl- and S042
-

concentrations in two samples on the right s ide of the triangle may have the ir origins in 

a combination of geo logical and anthropogenic sources (RelU11an Qaisar et a I. , 201 8; 

Xiao et a I. , 201 2). 
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Fig 5.23 Piper Diagram for Surface W ater of the Study Region 

T he di amond ring of Piper di agram has six subfie lds (Fig 5.22): ( I) Ca-HC03, 

(2) NaCl, (3) Mixed Ca-Na-HC03, (4) M ixed Ca-Mg-CI (5) Ca-Cl, (6) Na-H-C03 

(Adimall a, 2019; Ismail & Ahmed, 2021 ; Manoj et a I. , 2013). T hese subfields 

categori ze the water by deducing its hydrogeochemi ca l param eters and describing the 

predominant ca ti ons and anions that affect the loca l hydrochemistry (Walton , 1970; 

Rehman Qaisar et a I. , 201 8) . The samples plotted in the subfie lcls 1, 4 and 5 for the 

study area sbows tbat in 38 water samples alkaline earth elements exceeds alka li s whi le 

only 2 samples show ing excess of alkalis over alkaline earth elements i. e ., shown in 

subfleld 2, 3 and 6. This indicates that alka line ea rth meta ls, rath er than alkali metals, 

are prevalent in the area 's surface water, as predi cted by the geochemi ca l fac ies in the 

piper diagram. The samp les plotted on p iper plot of the study area also showed that 
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about 60% of the water sampl es are Ca-HC03 type and 25% are class ifi ed as Mixed 

Ca-Mg-Cl lype. Carbonate weathering, in add iti on to a mixing mechanism and a cation 

exchange process, is hypo thes ized to regul ate the chemistry of glacier-fed water (Murad 

et aI. , 2011 ; Oinam et aI. , 201 2) . Two samples have the water type Ca-CI, whereas the 

other two display a mixed Ca-Na-HC03 water type. 

5.12 IONIC RATIOS 

The weathering of vanous rocks can produce a va ri ety of significant ion 

combinations. For instance, the weathering of carbonates yie lds Mg2+, Ca2+, and HC03-

; that of silicates y ields Si, Na+, K+, Ca2+, Mg2+, and H C03-; whi le that of evaporites 

y ie lds m os tl y S042-, Ca2+, Mg2+, Na+, K+, C l-, and N03- (A . Karim et aI. , 2000; Rehman 

Qaisar et aI. , 20 18). In addition, hali te, pyrite, and sulphate mineral s like gypsum and 

anhydrite di ssolve and release Na+, Ct-, and S042- into the wa ter. So, overa ll , the 

concentration of chemi ca l const ituen ts depends upon the weathering of rocks when the 

water interacts with them. 
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Ionic ratios have been extensively employed by a variety of researchers as a tool 

for elucidat ing hydrogeochemical processes involving both surface and underground 

water resources (Ahmed et a1. , 202 1; Rehman Qaisar et aI. , 20 18). For 92% of th e 

samples Fig 5.24(a), the di sso lving of calcite (CaC03), gypsum (CaS04.2H20), and 

dolomite CaMg(C03)2, fo r the study region is shown in the plot of(Ca2+ + Mg21") versus 

(HC03- + S04-) for surface water, samples were dispersed (above 1: 1 line) along the 

left side in the plot (Ahmed et aI. , 2021; Liu et aI. , 201 5; Rehman Qaisar et aI. , 2018; 

Zhang et aI. , 2021) . Three samples having a ratio below 1: 1 trend line is indicative of 

silicate rock weatherin g. (Asare-Donkor et a1. , 2018) . It means, the dominant 

hydrogeochemical process in the study region is thus carbonate di sso lution . The ratio 

of (Na+ + K+)lCl- is greater than I, which indicates that the weathering and 

di sintegration of si licate minerals is a more significant contributor to the enri chment of 

Na+ and K+ ions in the water. (Lin et aI., 2016) . Range of the ratio of(Na+ + K+)lCI- for 

the co llected water specimens is in the range of 0.21 to 2.18, with a mean va lue of 0. 68. 

The ratios for six water samples are predicted to be higher than 1 (plotted above I: I 

li ne). The remaining 85% of th e sa mples have a ratio ofless than I (below the I: I line 

in Fig 5.24b), which shows that the sources of CI- in the water sampl es were ion 
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exchange and the disso lution of minerals that contai ned chl oride. In the present study, 

carbonate rock weatherin g has a relatively greater impact on the overall water chemistry 

than weathering of sili cate rocks . The Ca2+-I- Mg2+/HC03- ratio may be used to iden ti fy 

the ori gi n sources of Ca2+, Mg2+, and HC03- (see fig 5.24c). High ratios of 

(Ca2+ -I-Mg2+)/(I-lC03 -) was found fo r th e water samples, where 97.5% values exceed the 

tTend line of I : I. Thi s suggests that carbonate weathering is the controll ing facto r of 

Ca2+, Mg2+ and I-lC03-. The rati o of (Ca2+ -I-Mg2+) / (to tal cation) in (Fig 5.24d) ranges 

from 0.37 to 0. 88 with a mean va lue of 0.79 and majority of the sa mpl es are plotted just 

under the 1: 1 line. These low rati os also va lidate the di ssolution of carbonate rocks . The 

ratio of Na2+ -I- K+ vs total cation in (F ig 5.24e) ranges fro m 0.11 to 0.62 (plotted fa r 

below the 1: 1 line) suggests less contribution of silicate weathering and high carbonate 

weathering (Rehman Qaisar et a!. , 201 8). The rati o of (Ca2+ -I- Mg2+)/C1- in all the 

co ll ected samples was found greater than (Fig 5.24f) indicates that the high 

concentrat ion of Ca2+ and Mg2+ was caused by the weathering of carbonate rocks. 

The (Ca2+ -I- Mg2+)1 (Na+-I-K+) ratio (Fig 5.24g) is frequently used to assess the 

relative con tributions of var ious rock types in a sed imentary basin (Ahmad et a!. , 1998; 

Han & Liu, 2004; Rehman Qaisa r et a!. , 20 18; S.-R. Zhang et a!. , 2007). The ratio of 

(Ca2+ -I- Mg2+)/(Na+-I-K+) is high in water bodi es where carbonates are the main source, 

reaching 6.0 in a portion of the indus River oflndi a (Ahmad et a!. , 1998). In thi s study, 

the study region li es is in carbonate weathering zone where 92% of the water samples 

lies (above 1:1 li ne). 
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6 CONCLUSION 

The surfac water of Gilgit Balti stan, wh ich is fed by glaciers, is an important 

natural resource for human consumpti on and agri cultura l use. The water quali ty of 

glacial fed streams is evaluated for drinking and agricultura l use based on the ir 

physicochemical parameters . Thi s study invo lves a data set of 23 water quality 

parameters for 40 collected water samples . The measured physio-chemical quality 

parameters were measured as fo llows: turbidity 1.1- 126, conductivity 60-633 (~lS/cm) , 

(NTU), hardness 188-480 (mg/L), pH 6.7- 8.8, TDS 33- 389 (mg/L), Ca2+ 44- 103 

(mg/L), Ie 5.7-38.71 (mg/L), Mg2+ 7- 27 (mg/L), Na+ 5.4-125 (mg/L), Cl- 39-106 

(mg/L), S042- , 0- 95.57 (mg/L), N03- , 0- 3.40 (mg/L). Tn additi on to parameters 9 

heavy metal parameters were also determine to analyze the heavy metal s pollution in 

the surface water. The measured values of these heavy metals recorded as fo llows: Pb 

0-19 (~lg/L) , Cd 0-7.2 (~lg/L) , Cu 0-1380 (~g/L), Zn 0-1900 (~g/L) , Fe 0-1 75 (~lg/L) , 

Mn 0- 85 ( ~lg/L), As 0-8 ( ~lg/L) , while Cr and Hg were below the detectable limits. All 

th e measured values are then compared with the given WHO standards and the 

concentration levels of majority of parameters were found within the all owable limi ts 

except a few parameters in a few sa mples are exceeding the g iven limits. A ll of the 

water samples that were examined had an estimated ion charge ba lance error (lCBE) of 

±1 0% that was recoded with an average va lue of6.58. 

Us ing the WQT approach, all 40 coll ected sampl es were examined to determine 

their status of qu ali ty sta tus. Overall , twenty samples were class ifi ed as excell ent (50%), 

thirteen sampl es as good (32.5%), and seven as moderate ( 17.5%) quality for drinking 

use. Heavy metal pollution index is employed to assess the heavy metal pollution levels. 

Resu lts presented that, HPI va lues of all the 100% sa mpl es are fa r below th e criti ca l 

va lue of 100 indi ca ting safe fo r human consumption . Simi lar to this, the suitab ility of 

the surface water for irriga ti on was determined using indicators for the purpose of 
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irri ga tion quali ty such as RSC, SAR, PI , Na (%) and MH hazard . The outco mes of all 

the indicators revea led that surface water of the area suitab le for irrigation purpose and 

fall s in excel lent to good quality . G ibbs plot is empl oyed to determine the main 

controlling mechani sm of the water chemistry. The results exhibi t that all of the sa mples 

fe ll in rock dominance block, which indi cates the di ssolu tion of rocks mainly contro l 

the chemi stty of glac ier fed water. The resul ts of G ibbs p lot and ion ratios effective ly 

depi cts that wea thering of carbonate rocks has a great impact as compared to weathering 

of s ili ca te rocks in controlling the water chemi stry. The piper plot showed that, hydro­

chemi ca lly 60% of the water samples are Ca-l-IC03 type while the remaining are Ca-Cl 

type, Mi xed Ca-Mg-C l type, and Ca-N a-HC0 3 water ty pe. 
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7 RECOMMENDATIONS 

• The water quality of study area is successfully evaluated by laborato ry 

exa minat ions, statistical and machine lea rning techniques. T he phys ic-chemica l 

concentrati ons in water resources are changed w ith changing seasons and 

climate. Therefore, it is recommended to conduct a time se ri es study to analyze 

the vari ability in water quality parameters in the hilly areas. 

• This research can be extended to other regions of the area . 

• Pakistan's Gilgit-Baltistan province needs environmental protection regul ations 

from the local administration. Uncontrolled human activ iti es degrade 

downstream waters. Improved garbage disposal, anthropogeni c activ ity 

monitoring, and local cleanliness are required. Clea n and safe water should be 

prov ided in more inventi ve and sustainab le ways. 
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APPENDIX 

Calculation Of Water Quality Index 

SlalioH I Wll o Siandard (SI) I\ lonilore d vallie (ei) Weig lll(\\i) Heltllh'c weight (Wi) (Ii "" CUSI* I 1111 WI *qi 

I' ll 8.5 8 4 0.0·176 19048 94. 11 764706 ·1.481 7927 17 

T urlJhJit ' (NTU) 5 105 2 11 .02380952. 2 100 50 
EC( /ls /cm) 1000 180 • 0.0476 190.8 18 0.857 14210157 

TIlS( lIIg/l) 1000 102 5 11.11595238 I 111.1 0.607 1-'2857 
C L- (m. /I) 1:5(1 63 4 0.0.71> 19048 25.2 1.2 

1\ 1 '+2(mgfl) 311 17 2 0.02380952. 56.66666667 1.3.9206349 

Cu+2(mg/l) 300 78 2 0.023811952. 26 0.6 190476 19 

TOI:II II :mlncss 500 264 .7 2 0.0238095H 52 .9. 1.l60n6 19 

II C Ol-(m!.:/I) 500 220 3 11.0357 14286 4. 1.57 14 210157 1 

Nn+2(mg/l) 100 2 1.IH 3 11.113571.286 2 1.IH-'211153 0.75657894 7 

K+2(mg/l) 100 16.95 2 0.02380952. 16.95 11 54945 0..1035845 II 

S04( IlI ~fl ) 250 0.00 5 0.0 595238 I 0 0 
l'04(1\l.1t) 10 1.60 3 0.03571.286 16.0330288 1 0.572608 172 

N03(mg/l) SO 1.311 5 0.05952381 2.6 0.15-17619115 

C '-(llIg/ l) 0.05 II 5 O.OS9S23HI 0 (I 

('b(mg/l) 0.01 0 5 0.0595238 1 0 0 

Cd(mg/ I) 0.005 0.0033 5 0.0595238 1 66 3 .92857 1429 

C II(IlII,:/ I) 2 0.93 2 0.02380952. .6.5 I.I07 14 1H57 

7.11(111' /1. 3 0.34 3 0.0357 1"'286 11.33333333 0..1047( 11)05 

Fc(mg/l) 0.3 0.077 • 0.OH6190. 8 25.66666667 1.222222222 

1I r!(m>/ I) 0.006 0 5 0.0595238 I 0 0 
;\In(IllJ!II) 0.5 0.0 1 • 0.0·06 190-'H 2 0.0952JH095 
AS( I11 J.!1I1 0.0 1 0 5 0.05952.1H I 0 0 

8. I WOI 70 ~l1Q1j 

Calculation of Heavy Metal Po lluti on Index 

ST· I Sllndanl Permi ssible Ihuil(Si) 1&IIVllue(li ) ~loni lorrdVl lu r(Mi) Wi = IIS I (Iii· Ii ) 1(~1I · lill SI·1i Qi=(Mi·IiV(S i · li )' IOO \WQi 

Crlw:/I) 50 10 0 0.02 ·10 10 40 25 0.5 
Pblw:ll) 50 10 0 0.01 -10 10 ~O 25 0.5 
Cdlw:ll) SO 10 3.3 0.02 ·6.7 6.7 ~O 16.75 0.335 

Culw:ll) 2000 1000 930 0.0005 -70 70 1000 7 0.0035 
Znlw:/I) 3000 1000 340 0.00033333 ·660 660 2000 33 0.011 

felw:ll) 1000 100 77 0.001 -23 23 900 2.555555556 0.00155556 

Hglw:ll) 60 10 0 0.01666667 -10 10 50 20 0.33333333 
Mnlw:ll) 300 100 10 0.00333333 -90 90 100 45 0.1 5 

Aslw:/I) 50 10 0 0.02 -1 0 10 ~O 25 0.5 
SUlIIlI'i 0.10183333 SUlIIlI'i ' Qi 2.33538889 

IIPI = \\lQiJ\\r, 22.93.\4424 
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