
Research Article

Vol. 11, No.2, July, 2026, pp. 189-197
6

(Received : 20 December 2025 ; Revised Form Accepted : 18 May 2026)

https://doi.org/10.56153/g19088-025-0293-111

Hydrogeochemical Assessment of Stream Waters in Parts of
Yadadri Bhuvanagiri and Rangareddy Districts, Telangana: Insights into

Multipurpose Utilization and Sustainable Management

Janmejaya Sahoo

State Unit: Odisha, Geological Survey of India, Eastern Region, Bhubaneswar-751012, Odisha, India

(E-mail: jsjanmejaya@gmail.com)

Abstract

This study presents a detailed hydrogeochemical assessment of stream waters parts of Yadadri Bhuvanagiri and Rangareddy districts, Telangana,

emphasizing the interplay of geological and anthropogenic factors shaping water quality. Nine higher-order stream samples reveal slightly alkaline pH

(7.5–8.0) and variable total dissolved solids (395.85–2008.5 mg/L), reflecting rock water interaction alongside contamination from agricultural runoff and

industrial effluents. Piper diagram analyses classify waters predominantly as Ca-Cl type (Type V), with sample C3 showing Ca-Mg-Cl characteristics (Type

III), underscoring influences of ion exchange and pollution. Gibbs diagrams confirm rock–water interaction and evaporative enrichment as key processes

governing solute chemistry. Irrigation suitability indices (SAR: 1.05–23.50; %Na: 9.55–61.58) indicate mostly low to moderate sodium hazards, although

high-SAR samples warrant careful management. Industrial water quality assessment identifies challenges from elevated TDS, hardness, and chloride levels,

suggesting pretreatment needs to mitigate scaling and corrosion risks. Elevated chloride, sulfate, and nitrate levels highlight anthropogenic impacts,

signaling potential public health concerns. This comprehensive evaluation advocates for integrated water resource management incorporating continuous

monitoring, targeted remediation, and land-use regulation to ensure sustainable multipurpose utilization and safeguard environmental and human health in

this region.
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Introduction

Assessing surface water quality is essential for the

sustainable management of water resources, as it directly influences

their suitability for domestic, agricultural, and industrial

applications (Trigun and Sahoo, 2022 and 2024; Choudhary ,

2025; Ravi 2026). In the present study, stream water samples

from the Yadadri Bhuvanagiri and Rangareddy Districts of

Telangana were systematically collected from the higher order

streams flowing on the diverse geology of the area. The study area

encompasses significant lithological units primarily Neoarchean to

Paleoproterozoic granitoids of the Peninsular Gneissic Complex,

Neoproterozoic sedimentary rocks, and associated Archean

supracrustals which impart distinct mineralogical signatures to

stream water chemistry through weathering and dissolution

processes (Trigun and Sahoo, 2022; 2024).

Prominent rock types such as hornblende-biotite granite

gneiss, banded magnetite quartzite, amphibolite, pegmatite,

limestone, and sandstone influence the hydrochemical framework.

et al.

et al.,

These inputs are further modulated by agricultural runoff,

urbanization, industrial activities, and expanding infrastructure,

resulting in variable concentrations of major solutes and

deterioration of water quality in many semi-arid and urban

environments (Hem, 1985; Rao 2012; Aslam and Reshma,

2024;Arun , 2024; Sahoo 2024, 2025; Sane 2025).

Major ions such as Ca , Mg , Na , K , Cl , HCO , and SO serve

as critical indicators in regional water quality assessment and facies

classification (Todd and Mays, 2004). Evaluating the relationships

among these ions, rather than isolated measurements, provides a

robust framework for interpreting prevailing water chemistry

(Wilcox, 1955; Ayers and Westcot, 1985). Similar hydro-

geochemical and groundwater quality investigations have been

carried out in different parts of India including Odisha,

Chhattisgarh, Karnataka, Maharashtra, and Kerala using

hydrochemical indices, GIS techniques, and statistical approaches

(Panigrahi and Das, 2022; Chatterjee ., 2022; Jaunjalkar and

Murkute, 2023; Nayak and Hota, 2024)

Supporting parameters such as pH (7.5–8.0), electrical

conductivity (EC: 615–3090 μS/cm), total dissolved solids (TDS:

395–2008 mg/l), and total hardness (TH: 280–950 mg/l) as

measured across nine stream water samples reflect both geogenic

and anthropogenic controls. The assessment benchmarks

et al.,

et al. et al., et al.,

et al
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hydrochemical results against standards from the Bureau of Indian

Standards (BIS, 2012) and the World Health Organization (WHO,

2017), ensuring multi-purpose safety and compliance within the

study area. Irrigation water suitability is determined by indices such

as Sodium Adsorption Ratio (SAR: 1.05–23.50) and Percentage of

Sodium (Na%: 5.2–37.7%), which are vital for maintaining soil

health and crop productivity (Ayers and Westcot, 1985). Facies

characterization is accomplished using Piper trilinear diagrams to

visualize cation-anion trends and dominant water types (Todd and

Mays, 2004).

Preliminary hydrochemical profiling in the study area

indicates a dominant Ca-Cl water type, consistent with extensive

ion exchange processes and the weathering of granitoid and

sedimentary bedrock. Additionally, marked heterogeneity in

sodium, potassium, and chloride concentrations points to localized

enrichment from agricultural runoff and untreated wastewater,

specifically in lower catchment samples. These findings underscore

the need for adaptive, region-specific water governance and

ongoing assessment to ensure safe, sustainable utilization of stream

water resources

Despite the hydrogeological importance of the region,

detailed hydrogeochemical information on stream waters from

parts of Yadadri Bhuvanagiri and Rangareddy districts remains

limited, particularly with respect to integrated evaluation for

domestic, irrigation, and industrial suitability. Therefore, the

present study aims to assess the physicochemical characteristics,

hydrochemical facies, irrigation suitability, and industrial

applicability of stream waters and to understand the influence of

geogenic and anthropogenic factors controlling water chemistry in

the study area.

This integrated evaluation underscores the critical need for

continuous monitoring and region-specific water management

strategies to mitigate emerging risks from localized contamination

and to promote sustainable utilization of stream water resources in

Yadadri Bhuvanagiri and Rangareddy Districts.

The study area, encompassing parts of Yadadri Bhuvanagiri

and Rangareddy districts in Telangana (Survey of India Toposheet

56K/15), lies within the Eastern Dharwar Craton (EDC), a

Neoarchean to Paleoproterozoic segment of the Indian Shield

notable for its complex tectono-metamorphic evolution. The EDC

is delineated from the Western Dharwar Craton by major crustal

discontinuities, notably the Closepet Granite Batholith and the

Chitradurga Boundary Fault, which mark suture zones and record a

protracted history of crustal accretion and reworking spanning 3.0

to 2.5 Ga (Gokarn 2004). This craton is characterized by

widespread TTG (tonalite-trondhjemite-granodiorite) gneisses,

calc-alkaline granitoids, and supracrustal greenstone belts,

representing episodic magmatic and metamorphic events shaped by

intracontinental collisions and plume-related magmatism.

The physiography of the region exhibits gently undulating

pediplains, inselbergs, and granitic hills sculpted by pervasive

mafic dyke swarms oriented in multiple structural trends, which

together control drainage architecture dominated by the Musi River

and its tributaries (Chinna Musi and Chinnaeru). Drainage

manifests predominantly dendritic and locally trellis patterns,

Geological Setting

Regional Geology

et al.,

reflecting lithological contrasts and tectonic controls that modulate

surface and subsurface hydrological regimes (Trigun and Sahoo,

2022). Geophysical surveys reveal east-dipping thrusts, shear

zones, and suture complexes that corroborate the Neoarchean

collisional and accretionary tectonics, providing a mantle-to-crust

perspective on the craton's evolution (Gokarn 2004).

Lithologically, the area is dominated by the Peninsular

Gneissic Complex-II (PGC-II), consisting of hybrid granite

gneisses, grey hornblende-biotite granite gneisses, grey and pink

biotite granites, alkali-feldspar granites, as well as leucogranites

and pegmatites (Fig. 1). Sparse amphibolite and schist enclaves,

representing the Dharwar Supergroup, attest to ancient supracrustal

sequences that were subjected to high-grade metamorphism

(Praveen 2024; Trigun and Sahoo, 2022). These crystalline

basement rocks are transected by mafic dykes (dolerite and

pyroxenite) with variable orientation and morphological expression

reflective of multiple intrusive phases during Proterozoic to

Mesozoic epochs.

Petrographic assemblages dominated by quartz, K-feldspar,

plagioclase, biotite, and hornblende display geochemical

enrichment in trace elements such as Ba, Co, V, and Zr, which

importantly modulate the hydrogeochemical characteristics of

stream water and surface waters within these lithologies,

underscoring a strong linkage between lithology, geochemical

signatures, and environmental resources (Praveen 2024).

Economically, these granitoids and associated dolerite dykes serve

as principal sources of construction materials and dimension stone,

with quartz reefs holding potential industrial relevance.

The granitoids, granite gneisses, amphibolites, and

carbonate-bearing lithologies of the study area play a significant

role in controlling stream water chemistry through mineral

weathering and rock–water interaction processes. Weathering of

feldspars, ferromagnesian minerals, and carbonate phases

contributes to the enrichment of major ions such as Ca , Mg , Na ,

HCO , and Cl in stream waters, thereby influencing alkalinity,

hardness, TDS, and hydrochemical facies observed in the study

area.

Stream water sampling was systematically conducted during

the post-monsoon season of 2021 across select parts of Yadadri

Bhuvanagiri and Rangareddy District, Telangana, employing a

well-defined 5′ × 5′ grid design corresponding to Survey of India

Toposheet No. 56K/15 (Trigun and Sahoo, 2022) (Table 1; Fig. 1).

Nine systematically chosen higher-order stream locations were

targeted to encompass the spatial heterogeneity of hydrogeo-

chemical parameters across the region. The sampling locations

were selected to represent different lithological units, drainage

characteristics, and upstream land-use conditions within the study

area. Sampling adhered rigorously to multi-protocol guidelines

standardized by the National Geochemical Mapping Program

(NGCM) standard operating procedures (SOPs) of 2014 and

2021.

Water collection for ion chromatography (IC) entailed

acquiring 500 ml samples by fully submerging pre-cleaned

containers to mitigate atmospheric contamination. For inductively

et al.,

et al.,

et al.,
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2+ 2+ +

– –

3

Materials and Methods



JGSR, 191pVol.11, No.2, July 2026 Hydrogeochemical Assessment of Stream Waters in Parts of Yadadri Bhuvanagiri and Rangareddy Districts

coupled plasma mass spectrometry (ICP-MS) analyses, aliquots of

100 ml were acidified with 1.0 ml concentrated nitric acid (HNO )

within 24 hours of collection. Additionally, 60 ml of water, filtered

yet unacidified, was reserved for dissolved organic carbon (DOC)

analysis, while 100 ml aliquots, preserved with HNO and

potassium dichromate (K Cr O ), were allocated for mercury

quantification. All containers were pre-rinsed thrice with site water

to prevent contamination.

In situ physicochemical parameters, including pH and

electrical conductivity (EC), were measured immediately following

sampling using portable meters to preserve data integrity. Standard

quality assurance and quality control (QA/QC) procedures as per

NGCM SOP guidelines were followed during sample collection,

preservation, transportation, and laboratory analysis. Pre-cleaned

sampling containers, proper filtration, acid preservation, and

calibrated analytical instruments were used to maintain analytical

reliability and minimize contamination during the study. Analytical

procedures were performed at GSI laboratory facilities following

standard operational protocols.

To validate the analytical accuracy of major ion chemistry,

ion balance error (charge balance error, CBE) calculations were

carried out for all water samples. Major cations (Ca , Mg , Na , and

K ) and major anions (HCO , Cl , SO , and NO where applicable)

were converted from mg/L to milliequivalents per liter (meq/L).

The charge balance error was calculated using the relation:

CBE (%) = {( cations− anions) / ( cations+ anions)}× 100 ..(1)

Analytical results with charge balance error within ±5% were

considered excellent, while values within ±10% were considered

acceptable for natural water samples. The ion balance assessment

confirmed the reliability and internal consistency of the

hydrochemical dataset used for interpretation.
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Fig. 1. a. b. c.Location map of Telangana in India map; Geological map of Telangana showing location of the Toposheet no. 56K/15; Drainage map with sample
locations overlay on the geology of the Toposheet no. 56K/15, parts ofYadadri Bhuvanagiri and Rangareddy district, Telangana (Source: Trigun and Sahoo, 2022)

Results

A detailed hydrochemical evaluation of nine stream water

samples from the parts of Yadadri Bhuvanagiri and Rangareddy

district of Telangana reveals considerable spatial variability in

physicochemical characteristics, major ion chemistry, toxic

element concentrations, and water suitability for various uses

(Table 2).

The pH of all stream water samples ranged from 7.5 to 8.0,

indicating slightly alkaline conditions. This could be due to the

interaction of stream water with granite and gneissic under semi-

arid climatic conditions (Hem, 1985; WHO, 2017). Total Dissolved

Solids (TDS) varied between 395.85 and 2008.50 mg/l. Two

samples (A3 and C3) are within acceptable limits, six samples (A1,

A2, B1, B3, C1, and C2) are above the acceptable limit and below

the permissible limits. B2 sample is above the permissible limit

(BIS, 2012).

280 to 950 mg/L, exceeding the BIS acceptable limit

(200 mg/l), All the samples are above the acceptable limit, six

samples are below permissible limit, one sample (B2) is above

Permissible limit., implying considerable calcium–magnesium

enrichment likely derived from host lithologies (Karanth, 1987;

Rajamani , 1985).

The major ion geochemistry is characterized by variable

concentrations of key cations and anions. Calcium concentrations

ranged from 48.1 to 176.35 ppm, magnesium from 21.89 to 124.03

ppm, while sodium and potassium exhibited significant variability,

with sodium reaching up to 288 ppm in sample B2 and potassium

Physicochemical Parameters

et al.

Electrical Conductivity (EC) values ranged from 508

to 931 μS/cm, following the TDS trends. Total Hardness (TH)

ranged from



peaking at 89.1 ppm in sample C1. Anionic concentrations of

bicarbonate (HCO ) were notably high between 305.1 and 537

ppm, consistent with alkaline pH. Chloride (Cl ) levels showed high

variability, 42.54 to 510.48 ppm, with several samples exceeding

the acceptable limit of 250 ppm, notably B2 and C1, suggesting

contamination likely from anthropogenic sources. Similar

enrichment of dissolved ions, nitrate, and fluoride associated with

anthropogenic activities and agricultural practices has also been

reported from different parts of India (Arun , 2024; Sane

2025). Sulphate (SO ) concentrations ranged from 15.72 to 165

ppm, all within acceptable limits but elevated enough to indicate

possible industrial or agricultural influence. Nitrate (NO ) and

phosphate (PO ) concentrations were within acceptable limits but

showed elevated values in some samples indicating agricultural

runoff impact. These ionic patterns suggest surface water

contamination influenced by agricultural fertilizers, pesticides, and

industrial waste, corroborated by seasonal dynamics of post-

monsoon recharge and river flooding events in the region.

Piper (1944) proposed this diagram for determining the

quality of water for domestic purposes especially for drinking. The

piper diagram has two triangles (cations and anions) and central

diamond shape (combined). Cations plotted as percent on Ca-Mg-

(Na+K) triangle and the anions plotted as percent on HCO -SO -Cl

triangle. Points on the triangles are projected up to where they

intersect on the diamond.

The axes of the trilinear and Quadrilinear are read in different

directions. Cations are read with values increasing clockwise along

each side of the trilinear diagram from 0% to 100%. Ca is on the

bottom axis of the left triangle ranging from 0% on the right end to

100% on the left end of the axis. Mg is on the left leg ranging

clockwise from 0% at the bottom to 100% at the top of the triangle.

Similarly, (Na + K) is on the right leg ranging clockwise from 0% at

the top to 100% at the bottom.

Anions in the right triangle are read in anti-clockwise

direction along each side in a similar way. Cl is plotted along the

bottom axis, SO or, (SO + NO ) along the right leg and (HCO +

CO ) along the left leg.

Location of the datapoint in each diagram is then projected up

into quadrilinear until intersection. Thus, each sample plots in each

form of the Piper diagram once representing cations, once

representing anions and once representing combination which

reflect the classification of water.

3−
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−
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Hydro-chemical Facies and Water Type (Hill Piper Trilinear

and Quadralinear Plot)

The ions of Ca, Mg, Na, K, HCO , SO , Cl are considered for

plotting Piper diagram. All the ions were converted to milli

equivalent/L divide by formula weight and multiply by charge.

Then normalize Ca, Mg, Na + K to 100% and HCO , SO , Cl to

100%.

Piper divided the water into four basic types according to

their placement near the four corners of the diamond. Water that

plots at the top of the diamond is high in Ca + Mg and the Cl +

SO , which results in an area of permanent hardness. The water

that plots near the left corner is rich in Ca + Mg and HCO and is

the region of water of temporary hardness. Water plotted at the

lower corner of the diamond is primarily of high alkali and

carbonates (Na + K and HCO , CO ). Water lying near the right-

hand side of the diamond may be considered as saline (Na + K and

Cl + SO ).

In general, we can classify the sample points in the piper

diagram into 6 fields. They are

I. Ca-HCO type II. Na-Cl type III. Ca-Mg-Cl type

IV. Ca-Na-HCO type V. Ca-Cl type VI. NaHCO type

After plotting the analytical values of water samples on piper

trilinear plot, it is observed that, the majority of water samples are

falling in the Ca–Cl field and are classified as Type-V water,

reflecting the influence of ion exchange processes and mixed

geogenic–anthropogenic contributions. Although Ca–Cl facies are

commonly associated with evolved hydrochemical conditions, the

relatively moderate TDS and salinity levels in most samples

indicate comparatively fresh to moderately mineralized stream

water within the study area (Fig. 2).

Thus, it has been derived that, the water of the study area is

showing clear imprints of industrial activities, cross-contamination

of nearby drainages from polluted Musi River, prolonged

agricultural practices aided with prolific use of fertilizers and

pesticides, etc which may have interacted with surface water and

left behind hard Ca-Cl type of water rich in chlorides, sulphates,

potassium, and sodium.

3 4

3 4

4

3

3 3

4

3

3 3
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Table 1: Detailed list of stream water samples collected from T.S. No. 56K/15

Quad-
rant
No.

A1 17°25'36.6" 78°48'34.9" 2 East of Ankirala

A2 17°21'25.1" 78°46'29.4" 3 West of Bhudan Pochampalli

A3 17°17'20.1" 78°45'38.8" 3 Near Tooparampeta

B1 17°25'35.3" 78°50'18.3" 3 North of Pedda Ravulapally

B2 17°21'44.3" 78°51'37.9" 2 North East of Bhudan Pochampalli

B3 17°18'6.1" 78°53'51.6" 3 Near Chinna Kondur

C1 17°29'51.9" 78°57'57.9" 3 North of Tukkapuram

C2 17°22'3.7" 78°57'54.6" 3 East of Sangam

C3 17°17'51.5" 78°57'45.6" 3 Near S.Lingotom

Order
Latitute Longitude of Locality

Stream

nd

rd

rd

rd

nd

rd

rd

rd

rd Fig. 2. Hill Piper Trilinear Plot of the water sample data collected from toposheet
no.56K/15
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Table 2: Analytical results of physicochemical parameters of water samples

study
limit limit area

pH 7.7 7.5 7.8 7.9 7.6 7.6 7.6 8 7.8 6.5-8.5 No relaxation 7.5- 8.0 All values are within the
acceptable limits.

TDS 908.7 904.15 395.85 607.75 2008.5 882.05 1488.5 542.75 399.75 500 2000 395.85-2008.50 Two samples (A3 and C3)
fall within the acceptable
limits, while six samples
(A1, A2, B1, B3, C1, and
C2) exceed the acceptable
limits but remain below
the permissible threshold.
In contrast, sample B2
exceeds the permissible
limit.

TH 400 460 295 350 950 370 560 370 280 200 600 280-950 All the samples are above
the acceptable limit, six
samples are below
permissible limit
One sample (B2) is above
Permissible limit.

Ca 100.2 108.22 48.1 68.14 176.35 64.13 132.26 96.19 76.15 100.2 200 48.10-176.35 All the samples are above
the acceptable limit and
below the permissible
limit

Mg 48.64 46.21 42.56 38.91 124.03 58.37 68.1 31.62 21.89 30 100 21.89-124.03 One sample (C3) is within
the acceptable limit.
07 samples (A1, A2, A3,
B1, B3, C1 and C2) are
above acceptable limit
and below permissible
limit. One sample (B2) is
above permissible limit.

Cl 255.24 184.34 42.54 106.35 510.48 262.33 404.13 85.08 42.54 250.00 1000 42.54-510.48 Five samples (A2, A3, B1,
C2 and C3) are within
acceptable limits, Four
samples (A1, B2, B3 and
C1) are above acceptable
limit and below
permissible limit.

SO 57.91 54.29 19.26 26.88 165 50.48 76.67 15.72 53.6 200 400 15.72-165 All the samples are within

the acceptable limits.

NO 6.2 9 2.5 2.5 19.5 24.8 19.6 20.1 2.5 45 No relaxation 2.5-24.8 All the samples are within

acceptable limits.

F 0.92 1.7 1.6 1.2 1.5 1.3 0.94 0.8 1.12 1 1.5 0.8-1.7 Three samples are within
acceptable limits, and six
samples (A2, A3, B1, B2,
B3, and C3) are above the
acceptable limit and below
the permissible limits.

Prescribed Limits BIS, Value range

Sample
A1 A2 A3 B1 B2 B3 C1 C2 C3

10500 (2012) in the
Remarks

Ref No. Accept- Permissi-
able ble

4

3

2-

-

Values in ppm

Gibbs Diagram

The Gibbs diagram is a widely applied framework for

examining the relationship between dissolved ions and total

dissolved solids (TDS) to identify the dominant hydrogeochemical

processes controlling surface-and stream water chemistry (Gibbs,

1970; Singh 2020; Islam 2025; Ravi , 2026). In this

study, Gibbs diagrams were constructed for both cations and anions

by plotting the ratios (Na +K )/(Na +K +Ca ) and Cl /(Cl +HCO )

against TDS for the stream-water dataset (Fig. 3). The distribution

of data points predominantly occupies the rock–water interaction

and evaporation-dominance fields, indicating that the

hydrochemistry is mainly governed by dissolution of minerals from

et al., et al., et al.

+ + + + 2+ − − −

3

granitoid, amphibolite, and carbonate lithologies, together with

evaporative concentration processes characteristic of the semi-arid

setting of Yadadri Bhuvanagiri and Rangareddy districts. This

pattern is consistent with the observed increase of TDS and

electrical conductivity (EC) along the flow paths and the

enrichment of weathering-derived ions reported in similar

crystalline and mixed-lithology terrains (Gibbs, 1970; Singh

2020). All samples cluster within the rock–water interaction

domain, highlighting the predominant role of lithology-controlled

mineral dissolution under semi-arid conditions, whereas the sparse

or negligible plotting in the precipitation-dominance field supports

a limited direct influence of rainfall on stream chemistry in the study

area (Gibbs, 1970; Singh 2020).

et al.,

et al.,
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The dominance of the rock–water interaction field is mainly

attributed to intensive weathering of granitoid, gneissic,

amphibolitic, and carbonate-bearing lithologies present in the study

area, which contribute major dissolved ions to stream waters. In

addition to lithological control, evaporation under semi-arid

climatic conditions and localized anthropogenic influences such as

agricultural runoff and wastewater inputs were also considered as

secondary processes affecting the hydrochemical composition.

The suitability of stream water for irrigation was evaluated

using key agronomic indices such as electrical conductivity (EC),

sodium adsorption ratio (SAR), sodium percentage (%Na), and

related salinity and sodicity criteria commonly applied in irrigation

studies. The suitability of stream water for irrigation in the Yadadri

Bhuvanagiri and Rangareddy District is evaluated through its

salinity and sodium hazard, both of which are critical for sustaining

soil structure, crop productivity, and long-term agricultural

viability (Richards, 1954; Todd, 1959; Karanth, 1989). Electrical

conductivity (EC) is a key parameter influencing the accumulation

of salts in soils, with elevated EC values potentially leading to

detrimental effects on plant growth and soil permeability (WHO,

2017). The dissolved salts in irrigation water, derived from the

weathering of local granitic, gneissic, and carbonate lithologies as

well as anthropogenic sources, include major cations (Ca , Mg ,

Na , K ) and anions (CO , HCO , SO , Cl ), which collectively

determine the hydrochemical character and agricultural suitability

of the water (Raghunath, 1987; Collins and Jenkins, 1996).

A central index for assessing sodium hazard is the Sodium

Adsorption Ratio (SAR), which reflects the relative abundance of

sodium to calcium and magnesium. High SAR values are associated

with reduced soil permeability and poor internal drainage,

negatively impacting crop yields. In the present study, SAR values

for all stream water samples ranged from 1.05 to 23.50 (Table 3),

ranging from low to high sodium hazard, thereby classifying the

water as “excellent to Doubtful” for irrigation use (Richards, 1954;

Todd, 1959). This suggests risk of sodicity-related soil degradation

Irrigational Water Quality

2+ 2+

+ + 2− − 2− −

3 3 4

under current conditions. However, irrigation suitability was

evaluated considering not only SAR values but also overall salinity

conditions, sodium percentage, and local soil drainage

characteristics.Although a few samples show relatively higher SAR

values, such waters may still be used for irrigation under well-

drained soil conditions and appropriate management practices,

including proper leaching and crop selection.

SAR = [Na ] / [½ ( Ca + Mg )] .........................(2)

Where all the concentrations are in epm value.

The sodium percentage (Na%), another important metric,

ranged from 9.55% to 61.57% across the samples (Table 4), water

class ranging from excellent to doubtful ranges. Elevated sodium

levels can lead to deflocculation of soil particles, reduced

permeability, and ultimately, poor crop performance (Karanth,

1989). However, the observed Na% values indicate that the stream

water is suitable for irrigation without significant risk of sodium-

induced soil structure deterioration.

Na% = [(Na + K ) / (Ca + Mg + Na + K )] 100 ..... ..(3)

Where all ion concentrations are expressed in

milliequivalents per liter. The %Na values from the analyzed

samples ranged from approximately 9.55% to 61.58%, reflecting

moderate to high sodium levels in some samples. High %Na values

indicate potential sodium hazards leading to reduced soil

permeability and adverse effects on soil structure and crop

productivity if used for irrigation without proper management.

Most samples fall within the acceptable to moderate sodium hazard

categories, but a few samples (B3 and C1) with %Na above 60%

+ 2+ 2+

+ + 2+ 2+ + +

�

�

Table 3: SAR classification of water samples

SAR Class Quality No. of Samples

0-10 Low sodium hazard Excellent 5 (A2, A3, B1, C2 & C3)
10-18 Medium sodium hazard Good 2 (A1 & B3)
18-26 High sodium hazard Doubtfusl 2 (B2 & C1)
>26 Very high sodium hazard Unsuitable Nil

(in meq/L)

Fig. 3. Gibbs diagram showing the mechanisms controlling the water chemistry of the stream water of the study area
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suggest the need for careful monitoring and possible treatment

before irrigation use in order to prevent soil sodicity issues.

Therefore, the irrigation suitability of stream water should be

interpreted cautiously in locations showing elevated sodium

hazard.

The assessment of stream water quality for industrial use

reveals crucial parameters that can significantly impact industrial

processes, equipment efficiency, and compliance with regulatory

standards. The evaluation was carried out using commonly

accepted industrial water quality criteria and permissible limits

recommended in standard water quality guidelines and published

literature. The pH values in the present study range from 7.5 to 8.0,

which is within the typical industrial acceptable range of 6.5–8.5,

thereby minimizing risks of corrosion or scaling in pipelines and

boilers (BIS, 2012; WHO, 2017; Bhawan and Nagar, 2020). Total

dissolved solids (TDS) concentrations vary between 395.85 and

2008.5 mg/L, with most samples exceeding the commonly

recommended limit for several industrial applications, indicating a

moderate to high risk of scaling and conductivity-related issues,

especially in sensitive processes such as electronics manufacturing

or power generation. Total hardness (Ca + Mg) ranges from 280 to

950 mg/L; these elevated hardness levels surpass the soft to

moderately hard classification preferred in industry, increasing the

likelihood of scale formation on heat exchangers and cooling

towers. Chloride concentrations range from 42.54 to 510.48 mg/L,

with four samples exceeding the industrial recommended threshold

of 250 mg/L, which poses a corrosion threat to metal components

(Banerjee, 2025). Sulfates are well within the industrial limit of 200

mg/L, reducing scaling concerns from sulfate salts. Nutrients and

minor ions such as nitrate and fluoride remain below industrial

concern thresholds (Bhawan and Nagar, 2020). The high salinity

and hardness values observed suggest that without treatment (such

as softening or ion exchange), the stream water may lead to

operational inefficiencies and increased maintenance costs in

industrial processes. Thus, proper water management practices

including pretreatment or blending with lower TDS waters are

recommended for industrial use to maintain equipment longevity

and process efficacy (Bhawan and Nagar, 2020). Industrial

suitability interpretation was mainly based on pH, TDS, hardness,

chloride, and sulfate concentrations in comparison with commonly

adopted industrial water quality recommendations.

The hydrochemical composition of stream waters in parts of

Yadadri Bhuvanagiri and Rangareddy districts is predominantly

controlled by geogenic factors such as lithological heterogeneity

Industrial Use

Geogenic Controls Governing Hydrochemical Variability

Discussion

and mineral weathering. The Gibbs diagram plots reveal that all

samples fall within the rock–water interaction and evaporation

dominance fields, indicating mineral dissolution from underlying

granitoid, amphibolite, and carbonate lithologies as key processes

(Gibbs, 1970; Singh ., 2020). Stream water pH values range

between 7.5 and 8.0, consistent with alkaline conditions driven by

weathering reactions (Hem, 1985; WHO, 2017). Major cations,

including calcium (48.1–176.35 ppm) and magnesium

(21.89–124.03 ppm), along with bicarbonate (305.1–537 ppm),

confirm carbonate dissolution's role in controlling water chemistry.

The dominance of Ca–Cl and Ca–Mg–Cl facies further reflect the

influence of granitoid and amphibolitic lithologies combined with

ion exchange processes operating within the drainage system. This

natural geochemical setting forms the baseline against which

anthropogenic impacts are assessed.

Anthropogenic inputs significantly influence water

chemistry, as indicated by elevated chloride concentrations

(42.54–510.48 ppm), surpassing the acceptable limit (250 ppm) in

multiple samples (B2, C1), and elevated sulfate (15.72–165 ppm)

and nitrate (up to 24.8 ppm) levels, reflecting agricultural runoff and

industrial discharges (Rajamani 1985; Collins and Jenkins,

1996). Piper diagram classification predominantly places samples

in the Ca-Cl type field (Type V, shallow fresh stream water with ion

exchange), with sample C3 plotting in the Ca-Mg-Cl field (Type

III), highlighting direct anthropogenic influence and interaction

with polluted sources including the Musi River. Elevated sodium

(up to 288 ppm in B2) and potassium (up to 89.1 ppm in C1) further

underscore contamination and complex geochemical processes

altering water quality.

Irrigational assessment using Sodium Adsorption Ratio

(SAR ranging from 1.05 to 23.50, dimensionless) and sodium

percentage (%Na from 9.55% to 61.58%) shows most water

samples within “excellent” to “doubtful” irrigation quality

(Richards, 1954; Todd, 1959). Waters plotting predominantly in

moderate salinity hazard classes (C2–C3) and low to medium

sodium hazard (S1–S2) quadrants suggest suitability for irrigation

on well-drained soils with appropriate management, whereas high

SAR (23.5 in B2) warns of potential sodicity risks requiring

blending or treatment. Industrial suitability evaluation reveals pH

within the acceptable 6.5–8.5 range but highlights concern with

elevated TDS (up to 2008.5 mg/L), hardness (280–950 mg/L), and

chloride levels (up to 510.48 mg/L), which challenge industrial

operations via scaling and corrosion risks ((Banerjee, 2025;

Bhawan and Nagar, 2020). Effective pretreatment strategies such as

ion exchange or blending are recommended for water exceeding

these thresholds.

This investigation underscores the necessity for integrated

water management approaches encompassing continuous

et al

et al.,

Anthropogenic Influences and Trace Element Mobilization

Dynamics

Multipurpose Resource Utilization: Agricultural and Industrial

Suitability Assessment

Towards Integrated Water Resource Management: Monitoring

and Policy Frameworks

Table 4: Water Classes Based on Percent Sodium ( Wilcox 1955)After

% Sodium Water Class No. of samples

<20 Excellent 4 (A3, B1, C2 & C3)
20- 40 Good 1 (A2)
40- 60 Permissible 2 (A1, B2)
60- 80 Doubtful 2 (B3 & C1)

>80 Unsuitable Nil
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hydrochemical monitoring, advanced water treatment technologies

tailored to local hydrochemical conditions, and informed land use

policies.Addressing both geogenic and anthropogenic influences is

critical to optimizing water resource utilization for domestic,

agricultural, and industrial demands while protecting

environmental and public health (WHO, 2017; Bhawan and Nagar,

2020). Sustainable management plans should prioritize pollution

source control, promotion of efficient irrigation practices, and

community awareness to mitigate water quality degradation in the

semi-arid landscapes of Telangana.

The present study is based on representative post-monsoon

stream water samples collected following NGCM SOP guidelines.

Although the dataset provides important baseline hydrogeo-

chemical information for the study area, additional seasonal

investigations and higher sampling density would further improve

the understanding of temporal and spatial variability. Due to the

limited number of representative stream water samples, advanced

statistical analyses such as correlation matrix and multivariate

techniques were not applied in the present study. Instead, the

interpretation was primarily based on standard hydrogeochemical

approaches, including major ion chemistry, Piper and Gibbs

diagrams, irrigation indices, and comparison with established water

quality standards.

The hydrogeochemical assessment of stream waters in parts

of the Yadadri Bhuvanagiri and Rangareddy districts of Telangana

reveals a complex interplay of geogenic and anthropogenic factors

influencing water quality and suitability for diverse uses. Slightly

alkaline pH values (7.5–8.0) and major ion compositions are

reflective of mineral weathering of Neoarchean granitoids and

associated lithologies, as confirmed by Gibbs diagram

interpretations emphasizing rock–water interaction and

evaporative concentration processes. Piper diagram analyses

primarily classify waters in the Ca-Cl facies (Type V), with

localized deviations such as the Ca-Mg-Cl type (Type III),

underscoring the influence of ion exchange and anthropogenic

contamination from agricultural runoff and industrial effluents.

Water quality indices for irrigation, including Sodium Adsorption

Ratio (SAR ranging from 1.05 to 23.50) and sodium percentage

(9.55–61.58%), indicate most samples are suitable for irrigation on

well-drained soils, though high SAR values in select locations

suggest risks for sodicity requiring management interventions. For

industrial applications, parameters such as electrical conductivity,

total dissolved solids (up to 2008.5 mg/L), hardness (up to 950

mg/L), and chloride concentrations (up to 510.48 mg/L) highlight

potential challenges of scaling and corrosion, necessitating pre-

treatment approaches. Elevated chloride, sulfate, and nitrate

concentrations further denote anthropogenic impacts, correlating

with environmental and public health concerns. Overall, the

Conclusions

findings emphasize the necessity for integrated and adaptive water

resource management strategies that address both geological

controls and human influences. Continuous hydrochemical

monitoring, coupled with targeted remediation and sustainable

land-use planning, is vital for optimizing multipurpose water

utilization. This study provides a crucial baseline for water quality

in this semi-arid region and informs future environmental

management policies to safeguard both ecosystem and human

health. The present findings are consistent with several recent

hydrogeochemical and environmental geochemistry studies

conducted across different Indian terrains, highlighting the growing

need for sustainable monitoring and management of surface and

groundwater resources. Further seasonal investigations with larger

datasets are recommended for a more detailed understanding of

hydrochemical variability in the region.

The authors confirm that the data supporting the findings of

this study are available within the article. Raw data that support the

findings of this study are available from the author, upon reasonable

request.

The author declares that there is no conflict of interest

regarding the publication of this paper.

The author sincerely acknowledges the Director General,

Geological Survey of India (GSI), and the Additional Director

General (ADG) and Head of Department (HOD), GSI, Southern

Region, Hyderabad, for their constant encouragement and support

during the execution of the field programme in parts of Yadadri

Bhuvanagiri and Rangareddy districts, Telangana. The author is

grateful to the Deputy Director General (DDG), State Unit:

Telangana, for providing valuable administrative and technical

assistance. Special appreciation is extended to Shri Anshuman

Acharyya, Supervisory Officer, and Shri Pankaj Kumar Trigun,

Senior Geologist and Associate Officer of the project, for their

insightful guidance, constructive suggestions, and continuous

encouragement throughout the course of this study. The author also

acknowledges the support rendered by colleagues, laboratory

personnel, and technical staff of GSI, Southern Region, whose

assistance in analytical and technical work was highly valuable.

Sincere gratitude is further extended to the ADG and HOD, GSI,

Eastern Region, and the DDG, State Unit: Odisha, Bhubaneswar, for

their encouragement and support. The views and interpretations

presented in this manuscript are solely those of the author and do not

necessarily reflect theviewsof theorganization towhichhebelongs.

Data Availability

Conflict of Interests

Acknowledgements

196 JGSR,p Janmejaya Sahoo Vol.11, No.2, July 2026

Arun, V., Maya, T.V., Rijulal, G., Antony, S., Dev, V.V., Gayathri, S.,

Krishnakumar, A. and Krishnan, K.A. (2024). Assessment of hydro-

geochemical indices of Periyar River in Eloor Industrial Belt

(Kerala), India to identify potential environmental impacts. Jour.

Geosci. Res., v.9(1), pp.30-40.

Aslam, M.M.A. and Reshma, S.R. (2024). Urban Environment and Water

Quality: Insights from Karamana River Basin, Thiruvananthapuram,

Kerala, India. Jour. Geosci. Res., v.9(2), pp. 123-131. https://doi.org/

10.56153/g19088-023-0190-56

Ayers, R.S. and Westcot, D.W. (1985). Water quality for agriculture. Rome:

Food and Agriculture Organization of the United Nations. v. 29,

pp. 174.

References



JGSR, 197pVol.11, No.2, July 2026 Hydrogeochemical Assessment of Stream Waters in Parts of Yadadri Bhuvanagiri and Rangareddy Districts

Banerjee, J. (2025). A Critical Study of Green Chemistry in Ion Exchange

Water Treatment and the Legislative Developments Driving

Sustainable Environmental Solutions. : Ion Exchange Processes for

Water and Environment Management, Singapore: Springer Nature

Singapore, pp. 419-442.

Bhawan, P. and Nagar, E.A. (2020). Central pollution control board. Central

Pollut. Control Board, New Delhi, India, Tech. Rep., pp.20-21.

BIS (Bureau of Indian Standards) IS: 10500 (2012). Drinking Water

Specifications, 2012.

Chatterjee, T., Behera, D., Goswami, S., Patra, P.K. and Munshi, S. (2022).

Appraisal of hydrochemical quality of groundwater in Bamanghaty

subdivision of Mayurbhanj District, Odisha, India using geospatial

technology. Jour. Geosci. Res., 7(2), pp.209-215.

Choudhary, S., Rai, S.K., Dhar, S., Chib, A. and Jasrotia, S. (2025).

Seasonal Hydrogeochemistry and Suitability Assessment of Spring

Water in the Rajouri and Reasi Districts, Western Himalayas, India,

using GIS and Multivariate Analysis. Water, Air and Soil Poll., v.

236(10), pp. 664.

Collins, R. and Jenkins, A. (1996). The impact of agricultural land use on

stream chemistry in the middle hills of the Himalayas, Nepal. Jour.

Hydrol., v. 185(1-4), pp.71-86. https://doi.org/10.1016/0022-

1694(95)03008-5

Gibbs, R.J. (1970). Mechanisms controlling world water chemistry.

Science, v. 170(3962), pp.1088-1090. https://doi.org/10.1126/

science.170.3962.1088

Gokarn, S.G., Gupta, G. and Rao, C.K. (2004). Geoelectric structure of the

Dharwar craton from magnetotelluric studies: Archean suture

identified along the Chitradurga-Gadag schist belt. Geophy. Jour. Int.,

v. 158(2), pp.712-728.

Hem, J.D. (1985). Study and interpretation of the chemical characteristics

of natural water. Department of the Interior, US Geological Survey, v.

2254.

Islam, R., Kushwah, V.K., Gupta, N., Kumar, A., Goyal, R., Berwal, P.,

Alfaisal, F.M., Majdi, A., Al-Sareji, O.J. and Alsubih, M. (2025).

Integrated evaluation of groundwater hydrochemistry using

multivariate statistics and irrigation-based water quality indices.

Scientif. Rep., v. 15(1), pp.24923.

Jaunjalkar, M. and Murkute, Y. (2023). Statistical evaluation and

hydrogeochemistry of groundwater from western part of Chandrapur

District, Maharashtra with special emphasis on human health risk

assessment. Jour. Geosci. Res., v. 8, pp.184-191.

Karanth, K. (1989). Geohydrological Studies in India. Geophysics in India,

v. 1, p.22.

Nayak, M. and Hota, R.N. (2024). Statistical Analysis of Hydrogeological

Parameters of Kantapara Block, Cuttack District, Odisha. Jour.

Geosci. Res., v. 9(1), pp.132-139.

Panigrahi, K. and Das, B. (2022). Groundwater quality assessment and

hydro-geological Investigation in Atal Nagar, Chhattisgarh, India.

Jour. Geosci. Res., v. 7(1), pp.104-111.

Piper, A.M. (1944). A graphic procedure in the geochemical interpretation

of water analyses. Eos, Transactions Am. Geophy. Uni., v. 25(6),

pp.914-928. https://doi.org/10.1029/TR025i006p00914

Praveen, P., Prabhakar, G., Anjaneyulu, M., Dinesh, M. and Praveen, K.

(2024). Petrological and geochemical studies of granitoids from

Mushampalli-Yerraballi areas, Nalgonda district, Telangana, India.

Journal ofAppl. Geochem., v. 26(1), pp.105-116.

Raghunath, H.M. (1987). Ground water: hydrogeology, ground water

survey and pumping tests, rural water supply and irrigation systems.

NewAge International.

In

Rajamani, V., Shivkumar, K., Hanson, G.N. and shirey, A.S. (1985).

Geochemistry and petrogenesis of amphibolites, Kolar Schist Belt,

South India: evidence for komatiitic magma derived by low per-

centages of melting of the mantle. Jour. Petrol., v. 26(1), pp.92-123.

Rao, N.S., Rao, P.S., Reddy, G.V., Nagamani, M., Vidyasagar, G. and

Satyanarayana, N.L.V.V. (2012). Chemical characteristics of

groundwater and assessment of groundwater quality in Varaha River

Basin, Visakhapatnam District, Andhra Pradesh, India. Environ.

Monit. Assess., v. 184(8), pp. 5189-5214. https://doi.org/10.1007/

s10661-011-2333-y

Ravi, M., Kumar, M.D., Tholkapiyan, M. and Venkatraman, V. (2026).

Integrated hydrogeocemical and seasonal assessment of groundwater

using ionic ratios, gibbs and piper methods in Madurai North Taluk.

Environ. Earth Sci., v. 85(9), p.219.

Richards, L.A. (1954). Diagnosis and improvement of saline and alkali soils

(No. 60). US Government Printing Office.

Sahoo, J., Sahoo, A.K. and Anbu, M. (2024). Assessment of Stream Water

Quality in parts of Sangareddy and Medak Districts, Telangana:

Insights for Drinking, Agricultural, and Industrial Requirements.

Jour. Geointer., v. 3(2), pp.1-10. https://doi.org/10.5281/zenodo.

12789919

Sahoo, J., Patel, T.C., Kumar, A. (2025). Hydrogeochemical insights into

toxic element enrichment in stream waters from parts of Jagtial

District, Telangana, India. Jour. Geointer., v. 4(2), pp. 113–124.

https://doi.org/10.5281/zenodo.17049069

Sane, P.B., Gaikwad, S.K., Mahale, R.R., Muley, A.A., Supekar, A.H.,

Dongare, A.N. and Bhagat, A. (2025). Unusually High Levels of

Fluoride and Nitrate in Groundwater in Southern India: Water Quality

Indices and Associated Health Hazard Implications. Jour. Geosci.

Res., v. 10(2), pp. 114-122. https://doi.org/10.56153/g19088-025-

0242-81

Singh, J., Yadav, P., Pal, A. K. and Mishra, V. (2020). Water pollutants:

Origin and status. : A. K. Mishra ( ), Sensors in water pollutants

monitoring: Role of material, pp. 5–20. https://doi.org/10.1007/978-

981-15-0671-0_2

Standard Operating Procedure for National Geochemical Mapping (2014).

Standard Operating Procedure for National Geochemical Mapping.

Geological Survey of India.

Standard Operating Procedure for National Geochemical Mapping (2021).

Standard Operating Procedure for National Geochemical Mapping.

Geological Survey of India.

Todd, D.K. and Mays, L.W. (2004). Groundwater hydrology. John Wiley

and Sons.

Todd, D.K. (1959). Annotated bibliography on artificial recharge of ground

water through 1954. US Government Printing Office.

Trigun, P.K. and Sahoo, J. (2022). Geochemical mapping in Toposheet no.

56K/15 in parts of YadadriBhuvanagiri&Rangareddy districts of

Telangana, pp. 658-664, v. 155, PART-5. Published by the Director

General, Geological Survey of India, 27, Jawaharlal Nehru Road,

Kolkata-700016 (By the order of the Govt. of India)

Trigun, P.K., Sahoo, J. (2024). Final report on geochemical mapping in

toposheet no. 56K/15 in parts of Yadadribhuvanagiri & Ranga Reddy

districts of Telangana (GSI unpublished report)

Wilcox, L. (1955). Classification and use of irrigation waters (No. 969). US

Department ofAgriculture.

World Health Organization (2017). Progress on drinking water, sanitation

and hygiene: 2017 update and SDG baselines. In: Progress on

drinking water, sanitation and hygiene: 2017 update and SDG

baselines, pp. 116-116.

In Ed.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


