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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- 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- 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
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1- Overlay and Index Methods
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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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2- Leaching Estimation and Chemistry Model (LEACHM)

3- Chemical Movement in Layered Soils (CMLYS)
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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- 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- 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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1- Interflow

2- Evapotranspiration
3- Runoff

4- Interception

5- Recharge

6- Chain Reaction
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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

omMmransoft



Y covgw

39 S T Cundg il (5 paidho

ol s yle jlw g oyl !

omMmransoft



omMmransoft



IF) 94/Y/ A GM&JL;L@QLAJL.:}Q/).&/)Q (ALl ‘_;7&.“....4,)/‘;).4.:;;4 —r&s.«.v}ﬁ

olls-\-Y.o
3 9 55iS 30 (G ol CiS A i) ;0 05 >g0 Lulg S g o il (sanaie Of ple CuaS zals

el @iy 5588 0 gabain Ol adg laanl b myas 5 el slaglele

&lgo 9 O g il 9 59l yO (Gulsdioms i D92 g0 Curidy oy p — Y-V
9 ‘;LN_.» ;»_.».AJ )y 4 gdme Sl 00 r:L_?u‘ S L L) LSLQK_J—‘ uo9.~a.> 5o L)‘)"‘ o aS @Lﬁ».&?u
Sl (9,8 Sk 5l (pladiges Slikdon (nl )3 el sy (LBl 9,50, b g (295 s ploend polie 5T e5ll
5 a8 Cowl oads aslae Madlin 5 o (sl laslinl b g onls (5,5 05lsl slosug (w9, b (oliond sl )l 5 00
Sl ysd 39,0 Mo g 10 S Olador alawlin .cusl ool o)Ll ode] Cawd 4 =l LQQ—I 3 diged g0 4y dwlol
6L®u5).~u s_:)Lb 09.76 )O u‘ysn ‘) &9..99.4) u.:‘g.,J.Cjw‘ oSl r:l.’?o‘uam&ww Q]M&)Lg‘))u’_bs
5O oo =y olid cllale wad plal ol g (Shg pele oRiils lawgs a5 Sliass 3l SO0 diged gl
\J)LA VW s ] 50 el 00l (6,50l VYAV Jlo 50l 50 5 oyl b 40 (B pas 0dd (goidiw slao]
).Q_».v G—= = s ksL..(bui & 9 95)_5 EP&MOLY u‘)lB cdale uai)LvO ] w)f )y S,90 W) LSMM u—‘
Sy90 Slodgel dar ;o 45 oul 0)3123 s 3 2,59, YIVAEY/SY o Ve Pt VY ON/DOEYINY s 5 @ o s
G=255 ol o Jl b [FY] caslongs (V=Yoo Jouz) Sl laslaibinl 5 ol o lasbin! jlxe o jo (a0

[FY] (S 2 59,5 o g Clale) ()l i joed 50 (B pao o (Guisdiony 5o OF (0 (ow (S5 WIS Clalé —V-Y.0 Jgua

O £9s5 parodls
Yo e Yo Sl st
Yo B Y WHO s ikl
V0 Voo ) EPA sl

2G5 S 95ee cen ) 0l (SNl o p g p9)S pgresls WIS clale (nShe (V-V.0) ooz 5o
LHT il oo avnlie L6 ilisie slojgas

1- Brand

omMmransoft



b Iub b gdivding gz of golio (oS > (slasal,

/°¥Y/ A

IFY

[FY] cilizeo (olaygies’ 50 (5 30 0359 50 o> ) 0ulh (6 503105l 0y 9 2955 pguodlS I3 Cdale (1uKileo -Y-Y.0 Jgu

@ £95S pasedls SHbo Slui 2908 b
<e/eo\ <e/eoa? <o/oe\ \a d»:S)-a
ofof /a0 oo )Y 2 CasS
ofY Y% - ¥ Obs
<efeld - <efo 4 RVTY
ofo9) o /Y <ofo\F VA wls,S
ofVe) ARY - \# Obs
AN - o |Y ¥ lobls
Y/VA Vi34 VIOY VY [¥Y] ol !

Ogelyilid g, 5l oad (ganatey gaelal Ol wiged V00 ol jamie WAA JLo j5 oS (6,500 Gaios ;o

Bz () 9 B )S gy sl T (Fogll slo a3l oten 51 oS S Lty 8l (65 (silbar

sloosleds ar lpl (o jlasbind Bk 5338 slogow) p Lol ol abid STt 341 6550 Sl (6)le Laaiges cales
LFF] gy 0051 T oligegogms 5 S5 ,51 4y 5 s Loy T 78 5 1Y YO 5 SYFY

poce 15 0l axted axlge T L iS5 gonding ol oS 15 a5 6,5 EMSie oS Jilas 5 opdle

2 glibie Ol lacs, & ylby (0505 Blad b g o Kem poe (S 0> pogo b oS0 il 5 2T

(85,345) s )5 (Fp Cnilan (6l w5 oli2] (g9 5 bl cluled S5z g pas 5 (610 0 4 oo (slael

YO Gy ol gie 03gazme 4o (dikaie jlogs s 5ly> 5 (5,9,meld

Gt O glio CodeS’ Gl Joloio Jalge gy 2 ~F-Y.
S lbl_’>v.>‘ )9_m5 )0 (G g_j ('::L.o o..x;.;Soagl—l LgLang);)lS 9 J./::‘j.c uog..a} g0 Gx.ol.‘>- A_JLQ.A.Q.?U 09..5 by
sledled oy, o Hanl U5 el 4 USEPA uile JLdlipe slolesle Slolprin o baogs 4 axg b Ll .ol
(Y-Y.0) Jgoz =5 4o aisS 0091 1 5585 (soainnn o polie (0> job a4 ol co a5 Jolaie sla Sogll 4
059 A g5 LBl ALl e ol 0,k uilS b olhel L 56 0l e 00l S Jalse aSl>T 5l axsl

U DPSPRIIE S9N | B JTT PN JEC IR R A DY

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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1- Technology of bottled water (Second Edition, 2005), Group Technical Adviser Highland Spring
Ltd Blackford, Perthshire UK and NICHOLAS DEGE Supply Chain Manager Nestle” Waters
North America Calistoga, California USA, Published by Blackwell Publishing Ltd.

2- International Bottled Water Association (IBWA) — http://www.bottledwater.org/

3- Regulation of Bottled Water, Principal Deputy Commissioner of Food and Drugs, Food and Drug
Administration (FDA), Department of Health and Human Services
http://www.fda.gov/NewsEvents/Testimony/ucm170932.htm
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5- Groundwater Hydrology of Springs., Kresic, K. and Zoran Stevanovic, Copyright # 2010,

Elsevier Inc.

6- Illinois Groundwater Protection Program — Biennial Comprehensive Status and Self-Assessment
Report (2002), Illinois Environmental Protection Agency

7- Lobo Ferreira.J. P. and Oliveira.M., Groundwater vulnerability assessment in Portugal, Geofisica
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9- Foster, S. Garduno, H. Kemper, K. Tuinhof, A. Nanni, M. Dumars, C. Groundwater Quality
Protection defining strategy and setting priorities. The World Bank, 2002-2006
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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 infiltration of 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 groundwater contamination. 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 sustainable use 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 this guideline is on 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 the springs and wells as bottled water sources. In addition to springs and
wells, it includes virgin rivers originated from groundwater sources (i.e., springs) that are 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 influence the 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 variabilities are 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 nine chapters and two appendices. In Chapter two to eight, the
principles and technical issues have been considered. Case studie of delineation of protection zones for
spring or pumping well presented in Chapter 9. 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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