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1- Bottled Water

2- US Food and Drug Adminstration
3-21 CFR 165.110(a), FDA

4- Artesian Water

5- Mineral Water

6- Purified Water

7- Sparkling Bottled Water

8- Spring Water
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1- Quality Protection Area
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1- Illinois Groundwater Protection Act
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1- US Environmental Protection Agency
2- Plume
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1- Sustainable Pumping
2- Devlin, J.F., Sophocleous, M., 2005. The persistence of the water budget myth and its relationship to
sustainability. Hydrogeology Journal 13, 549-554.
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1- Securing

2- Environmental Flows

3- Resource Protection

4- Source Protection

5- Entire Groundwater Body

6- Groundwater Basin

7- Origin-Pathway-Target conceptual Model
8- Unsaturated Zone
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1- Catchment Area

2- Drainage Area

3- Recharge Area

4- Watershed

5- Artificial Tracer Test

6- Vulnerability to Contamination

7- Natural Protection Against Contamination
8- Intrinsic Vulnerability

9- Specific Vulnerability

10- Vulnerability Maps
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1- Hazard Map
2- Risk Map
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1- Study Area
2- Recharge Area
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1- Recharge Areas

2- Information Management
3- Data

4- Information

5- Knowledge
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1- Mountain Ridges
2- Autogenic

3- Allogenic

4- Sinks

5- Danube-Aach

6- Schist

7- Karstified Limestone
8- Fractures

9- Faults and Thrusts
10- Anticlines

11- Synclines
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1- Water Balance
2- Regionalization
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1- Water Chemistry
2- Stable Isotopes
3- Glacier

4- Hydrochemical
5- Calcium-Bicarbonate
6- Magnesium

7- Dolomite Rocks
8- Gypsum Layers
9- Anhydrite Layers
10- Silicate Rocks
11- Potassium

12- Rock Salt

13- Plagioclase (Albite)
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1- Fluorescent Dyes

2- Uranine

3- Sodium Fluorescein

4- Fluorescein

5- Injection Site

6- Tracer Breakthrough Curves
7- Tracer Recovery
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1- Best management Practices
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1- Septic Tanks and Cesspools
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1- Hazardous
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1- Geothermal
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1- Wellhead
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1- Inorganic Chemical Compounds
2- Organic Chemical Compounds,
3- Microbial Pathogen

4- Hexavalent Chromium

5- Benzene

6- Cadmium

7- Degraded

8- Methyl Mercury

9- Dimethyl Mercury

10- Geogenic
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1- Conservative Behavior

2- Anthropogenic Substances
3- Organic Carbon

4- Total Organic Carbon
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1- By-Product

2- Aromatic Compounds

3- Halogenated Hydrocarbons

4-Bull, R.J., Birnbaum, L.S., Cantor, K.P., Rose, J.B., Butterworth, B.E., Pegram, R., et al., 1995. Water
chlorination: Essential process or cancer hazard? Fundam. Appl. Toxicol. 28 (2), 155-166.

5- Waterborne

6- Protozoans

7- Fecal-oral

8- Host Specific

9- Allochthonous
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1- Toxicity

2- Fate and Transport

3- Reactive

4- Conservative

5- Adsorption

6- Precipitation

7- Chemical Transformation
8- Biodegradation

9- Particulate and Particlebound Contaminants
10- Filtration

11- Sedimentation

12- Transit Time

13- Deep Circulation Systems
14- Trivalent Chromium

15- Biodegradable
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1- Fecal Contamination
2- Organic Carbon
3- Turbidity
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1- Time-Dependent Die-Off Function

2- Event-Based Sampleing

3- Pronk, M., Goldscheider, N., Zopfi, J., 2006. Dynamics and interaction of organic carbon, turbidity and bacteria
in a karst aquifer

system. Hydrogeology Journal 14 (4), 473-484.
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1- Concentration of Flow
2- Precipitation Regime
3- Karst Network Development
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1- Overlay and Index Methods
2- Acronym for Depth to water table, aquifer Recharge, Aquifer media, Soil media, Topography, Impact of vadose
zone, and hydraulic Conductivity of the aquifer.
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1- Depth to Groundwater,

2- Recharge Rate,

3- Aquifer Media,

4- Soil Media

5- Impact of Vadose Zone Media,
6- Hydraulic Conductivity

7- Clay Minerals
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1- (a) Vrba, J., Zaporozec, A. (Eds.), 1994. Guidebook on Mapping Groundwater Vulnerability. International
Contributions to Hydrogeology, 6, Hannover, Germany.

(b) Magiera, P., 2000. Methoden zur Abscha’tzung der Verschmutzungsempfindlichkeit des Grundwassers
[Methods for the estimation of groundwater vulnerability to contamination]. Grundwasser 5 (3), 103—114.

(c) Lee, S., 2003. Evaluation of waste disposal site using the DRASTIC system in Southern Korea. Env. Geol. 44
(6), 654-664. Lisle, J.T., Rose, J.B., 1995. Cryptosporidium contamination of water in the USA and UK—A
minireview. Journal of Water Supply Research and Technology-Aqua 44 (3), 103-117.

(d) Ravbar, N., Goldscheider, N., 2009. Comparative application of four methods of groundwater vulnerability
mapping in a Slovene karst catchment. Hydrogeology Journal. 17 (3), 725-733.

(e) Andreo, B., Goldscheider, N., Vadillo, I., Vias, J.M., Neukum, C., Sinreich, M., et al., 2006. Karst groundwater
protection: First application of a Pan-European Approach to vulnerability, hazard and risk mapping in the Sierra de
Libar (Southern Spain). Sci. Total Environ. 357 (1-3), 54-73.

2- Leaching Estimation and Chemistry Model (LEACHM)

3- Chemical Movement in Layered Soils (CMLS)
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1- Data Intensive,

2- Attenuation Factor (AF)
3- Retardation Factor (RF)
4- Reliability Analysis
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1- Statistical Sampling Method

2- First-Order Uncertainty Analysis
3- Bayes Theory

4- Fuzzy Rule-Based Approach
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1- Baseline Water Quality Assessment
2- Access Points
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1- Ambient Trend

2- Source Assessment

3- Early-Warning Detection

4- Source Assessment

5- Research Monitoring Program
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2- Ambient Trend
3- Source Assessment
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1- Baseline Water Quality Characterization
2- Flow Path

3- Total Organic Carbon

4- Total Dissolved Solid

5- Isotope Analysis

6- Age Dating

7- Organization Chart
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1- Buffer Zone
2- Ground Water Divide
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1- Volatile

2- Adsobption

3- Wellhead Protection Zone

4- Inner Protection Zone (zone II)
5- Outer Protection Zone (zone III)
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1- Calibration
2- Verification



o ko b ki g o ilio (S oty (slaily  AF/A/F A

el Qb 3 aadtio 4 ol sodls ogdle aS 1> el A5 5 poile) Yaaso (6 lwdd aul)3

S5 > 905 S Sl gy (p e (s —V-F

5 sl Uil s @)l oS > el Cikiies gla by, s ol 42538 sla iz o 45 sblan
:..\.3)|.> gs’ﬁL"""‘ 6LQ6M)LJ
Slsi A e Loy (mal ol s ool (Seslgiis e 9 (Seidle e slaosls 4 b ) (pam —
SIS o aseiie (60L5 Dlu iz olred 4 |y iei )y ol Gl Slasiin § Cqz 45 Wigd o lbasis
b S T el oo ST g S sod oy ol Slyr b gboaiis Sy o s, 5l S —
5,138 o HLB o 1) samaies O ple oS cbla> o wal,lS
Sl ax)le &l Sge by, Sl p o5 alge
(calre g Cuze) oy, lo Sy —
ol e sl 29250 Gladags (i —
WS 18 S0 G Gl Sew 45 ez g ol cldlop e —
wihio So3slg onegss bl —
943 b (soniiuns alal) oud agd sloaidi 83 o3game i sl 4Bl (arass o) 5 e Oliee
.o)lo 0L d).o u.‘?j
Sl dw dy oy, 51 Sy 5o sla Sy »ogdle ol oY (GBS > e sy SBS l AS 55k 4
S5809,0e0555 9 (Su3els 0 slojlre —
S cbla> asl Sloal —

o yd 5o e —

S g gl sl ylro —V-V-F
Lyl b as hgy 008 e a0 Sgliie Cds g Sl L) adhate (So5elg aumesy Ll walise gl by,
cls anlss |y (6 5 s B b S (g3luand ailipadly Oygo a5 cenlie B0 L) 0l 023 5 (Seslasenst;
25 58 adgl (guiy 0590 dilate (S03elyyaeng bulpd (S > e gy S el 0 b gl
Sl le wpo (Sads ey sloSh
Olyl g9 =

by Sy slo Sy —



Av A4 S o 2 et (9 et g — i S

adhie S > —
Ol SHaee pbol S g v —
i 2l oz e —
[V 5525 gl B et b L o it opg (o3l phansts Ll s 4 5] b, 5 bl arg sl
4S5 9bylen .l oo ool iolas (A-F) JS—i ,o (somdinw ol e SO sl 00l sl S w0 >
Ol ail Al (6 50 Carwg ol dwlone S oo, 99, 0 AL Al j Byo g CB l38I L 0gd e camlie

iliceo b g, b (S o > Glaled —A-F JSs






S 9P S P







1 AF/A/ Y T o 2 S ko — pidd b

lds —)-v

el Wb (polite (gt O e g pdicanl b)) 5 0a¥T Glapgls (sl 5 (&S 0> et 5l e

4 azg b ganaie of e 51 S e glpams 6l 1) Jaie gloosis¥T 09 5l Cariles sl (Sogll mlio J s
laibhie Ol o8, 5.0, 5 oolaiwl a5 o conlio JyuS slo,Kal, 5l oV 5 o)) ol aine Slaogas
JrsS 4l p VF-V-1 o b conl bge oliin jaome sllacl 51 i Lol ogl aims J1 8 30 o 1) (ganann,
o=l 0 alens s B Lad ,0 lagygilS cpl glgil ams &l 0gmg0 Sogl lapglS pgas o, a8 bl

wydise ol sladhie DI 0555 5 ol wlSus 99 5l S w2 S e aslin 5 Slaal Jad

S w32 S i doli g s yglise g Blul —Y-V

Sly S > 50 Jeizme b g 09290 00V mlie S cgibainn ol glie (a5 o> o e ol Bua
Slasle S w2 Co e asliy glojslate cBun (b el ol gt (25 Lo 009l 5 (5,55l

a 0a VT 0950 5l (6 S5l sl (S > 50 eilie (S pie plSe 5 (Lol) (55 iy oidls —
TR

Sl 6555 5 ladlae (oo by 65 slaglejle sl NS 9l 5 (ol slacdld Coeal s —
S 2> o pde

AS (o0 25 (592 yb ] ddlaie (sanaia Ol ol lie oS L2l las IS il JBla 4 5 olulis —

o lyarals 5 38l caplin lrlo wiils dilaie ool - elaiz! mlio oo pbojls 5 lolis —
Wldbgls & )50 4 (&S 02> S ke

ol (=l e o 00s T sl dags sl 5l o] yislosb gl ddhae Lol oSk sl 0SSl olm] —
Gy

Sl o plalo iz o8 5 ol 5 655L8S (2l o olS 5 oDl )5 (Lol (agee (Bi90] —
Ol e 5l cdiblre (gl (gamainy

Sl oY jshaie (s D925 (A5 > Co e S by, Sl gne 5 A Sl (Swee sla s, Sl —
iz la )5 anile wilonel s92-5ar (T3l @ b g conl i 4z lag] 4 42idS )0 a5 gapaz Jelse
25 )8 azgi 090

500Vl o, 33 5l aile (85 0, Copae ;0 BMP) b pow slo Sl o i 5l eolaul —

Slg, J55 slassss



s Sk b gl g o golio A4S o 2 sloia]y  AF/oA/ Y r

GOy o), -V

il g ‘;.55_ﬂ Cloysils 4 azgi b ol delp cpl 09l ags oldin joline lawgs Wb ‘;05.!*1 JyaS 4l
D9 o Slgiien 1>l BB Sloladl 20 jidu cpl )0 09 a0 Lmo—l Je!
(BMPs) R b, Sty o e —V-Y-V

o U3l 4 o] 59,5 5l caniles g dilaze o Dbl S ol Lol ol ol oolizad LB LUy, J,uS L
5 il w5 Jeol Coley plae JSb 4l 5 (&S v 3 4 dilais Glaclly) cuid | Cailes 5 aS

JH‘ ;,'_\LC) soL‘> 6‘).: wl.uo FHERY uo).c 9 (o )‘ oolawl s(:ULof) OL‘> 6)|A454 9 laos sd.il.‘>)[5 o »)‘9.4 6)‘4.9‘;.‘
a (Sogdl 0955 sl e algi e 4T (RS 01,7 50 9790 (5ylme Cu e 5 (RS o1y 50 camslin Sl 5 Sl

IPWPPIPR O] P SO e ol o i
aobiogs -Y-Y-V
Dgd ddlaie 10 Aoy ol 5l aile 5 S dgas saiSeagll slas )8 S0k b lalo b Wil oo coliie

6o yd! Bl b ablio 1 Aol (2 g5 —F—F-V

s Slg edldd pn ey Ll 0 B oS i 1) g)lhhsl g aB el Sole b ablie gl catie 4l

A5 Cg e 55 @ 1) ol d5zsay
023 P oS Sy a5 ol | -F-¥-Y

Spi s dode e ews Vo gy (e 2l sk Sl Sl (5 S Al 5 (A w7y elie laly a5 ol
SEod Jojg0l —O-Y-V

ol ststis Ol gte o ek 5 T slacalled 136 5 )5 (i oT 5 35sel ol pladl o

owoégﬂ S 5 el gw B —F-Y-V

oo 031 5l aile ylg5 o 0aisSeagll slacdled i b g Lyl s g las IS 0 S8 cuSIbe 9 0y 5 L



r AF/A/ Y T o 2 S ko — pidd b

Lb.b)h.\.s'L'Lw‘ S:A%L:) a LBQT ,o‘}." 9 LSJ'?)‘S J).HS -Y-yY-v

slas o Wb Oigo cpl e 0 WS Coley |y oals s slas jlaslinl § Slall b sasSesgd] slas »)l8

Lb).g)ls ‘S}Lwolfi 9 (&9 -A-Y-V

awlS gyl (Sogll 515l as ols s g5 1) o] codled 055080 do )5 (g5l o5T g 33925 b o)les oo

Sladkio s,aT CS o bauwgy ddbaio jo (guvdinn c.,:T &l o9 3> Cu 0w dol g drungs —F-V

ael s gl o 1, ldliie el o3 sl )55 VL ol a5 5l aSle ] 5l glailare T S,

Sl p3¥ cathats O glie (&S cblis> 5O Blaal glial; ;5 5 jshate e 4 IS (6l (A5 o> S ke
LoSal, sl ) aiS 12l g (ngas 1) adlaie (gabains ol glie (&S 01y Cupde (ogas 0 (omslie (550,400
J-0) (b Jalse 51 5 000 VT gl awgs s 03901 51 (gtsatins O e Lai> sl ' ko (sl sl 5
5 08 &bl (S o0y 03990 53 e SIS i gzmed (Gl Jalse g (8l i 5" glsm 5 O lilugs
loled Gasb ot o b cblir 058 (s (soges S5l 5 (oo lapbojlo il 5 (i
T gie Bl bl 5 s e bl gl 2] 5 ablaie eaisSess)] mlie ololid «gaisins o glio 4ii5 p5ilSe

0,55 oo Oygo oV wags aile, JBlas 4 gl (goaiag

Soaiams O @l (S o poe (60 bl g (ouoluol (15,51 -0V

5o ke gladlaie Ol 8 18 lawg gomaiu of mlbe (&S Copoe 3 pmal, 5 cwlal G5
200 9 Slojle cinlbg g B ad —

S > 09595 (pptd

Ol 40l (2995 5 (A5 w5 Slalllas e3gamma (39,0 ean VT wlie ol —
S o bl lp e 2l 25k asns —

oo 05l ol aie b agzlse sl T Solel ki y sy —

1- Action Plan

2- Climate Variability

3- Climate Change

4- Preparedness Plan or Contigency Plan
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1- Stakeholders

2- Well Field

3- Spring Shed

4- Best Management Practices
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1- Preparedness Plan or Contigency Plan
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1- Risk Assessment
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1- Best Management Practices (BMPs)
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1- Streamflow TOT

2- Setback/buffer Zones
3- Nested Watershed Area
4- Intake
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1- Green Area
2- Photolysis
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1- Source Assessment
2- Recharge Areas
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1- Proposal
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1- Borehole
2- Recovery
3- Recovery Monitoring
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1- Flow Meter
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1- Stratum
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1- No-Flow Boundaries
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1- Remediation
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1- Safe Drinking Water Act
2- International Bottle Water Association
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1- Nevada Bureau of Health Protection Service
2- Nevada Division of Water Resources

3- U.S. Geological Survey

4- Southern Nevada Water Authority

5- Nevada Power Company
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1- Muddy River Irrigation Company
2- Bureau of Land Management
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I = Muddy River Bottoms
J = Lower Moapa Valley

K = Meadow Valley Wash
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1- Interflow

2- Evapotranspiration
3- Runoff

4- Interception

5- Recharge

6- Chain Reaction
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1- Dynamic
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1- Thermal Springs
2- Descending Contact Spring
3- Overflowing Contact Spring
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1- Barrier Spring
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1- Ascending or Artesian
2- Intermittent Spring
3- Ebb and Flow
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1- Seepage Spring

2- Fracture Spring

3- Karst

4- Secondary Springs
5- Hydrothermal

6- Gravity Springs

7- Gravity Springs
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1- Artesian Springs
2- Ascending or Rising
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1- Escherichia Coli
2- Enterococcus
3- Pseudomonas
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1- Fecal Organism
2- Sewage Sludge Disposal
3- Halogenated Hydrocarbons
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1- Safe Drinking Water Act
2- US Environmental Protection Agency
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1- Food and Drug Administration
2- International Bottled Water Association
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Technology of bottled water (Second Edition, 2005), Group Technical Adviser Highland Spring
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Abstract

Freshwater from springs as the prime source of bottled water is an example of a renewable natural
resource: It can be used and the infiltrationof rainwater or meltwater in the catchment will renew it—as long
as the climate does not change dramatically,which it may do, however. One of the most obvious ways to
waste this resource is groundwatercontamination. Therefore, the delineation of protection zones for spring or
pumping well used for the drinking water supply and the implementation of properland-use practices in these
zones, resulting in a reduction of polluting activities, are keys to the sustainableuse of these valuable
drinking water sources.

The main objective of this guideline is to provide guidance for protecting the quality of bottled water
sources by predicting sources of pollution, delineation of protection zones for spring or pumping well, and
appropriate pollution control policies and solutions to protect human and environment health and to achieve
sustainable use of drinking water sources.

The scope of this guidance is limited, so it is necessary to consider its limitations and note that it is not a
single blueprint, but a tool for finding the appropriate solution strategy. The focus of thisguideline ison the
protection of the quality of bottled water sources by delineation of protection zones.It does not explicitly
address the physical, chemical, and biological processes of contaminants in the process of bottled water
quality protection. The focus is on thesprings and wells as bottled water sources. In addition to springs and
wells, it includes virgin rivers originated from groundwater sources (i.e., springs) thatare used immediately
after running surface due to the unavailability of a well definedspringhead. However, the guideline does not
include long rivers and not virgin.

The Karst aquifers require specific methodologies, including hydrogeological techniques, artificial tracer
tests and the evaluation of intrinsic vulnerability. Diversity is considered as the main feature of karstic
systems. They are known to change very fast over time and in space, so that an investigation of each system
on its own is needed and is not specifically discussed in this guideline.

Extreme hydrological events such as floods and droughts can dramatically influencethe quality of surface
water and groundwater sources as well as the water resources in large spatial scale of watersheds.. The
effects of these extreme climate variabilitiesare not addressed in this guideline.

By reading this document, it is expected that managers, consultants and bottled water industriesgain
sufficient knowledge onbottled water source quality management.

This guideline has been developed in ten chapters and two appendices. In Chapter two to eight, the
principles and technical issues have been considered. Chapter nine discusses the requirements for obtaining a
license. In this chapter, the tasks of the regional water companies and the procedure to choose consultant for
the project is proposed. Case studies areof delineation of protection zones for spring or pumping well
presented in Chapter 10. Appendix 1, briefly describes the hydrology of springs and Appendix2, presents an
overview of the bottled water industry at national and international levels.
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