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CHINA WATER RESOURCES,
DRINKING WATER AND
BOTTLED WATER

Lifen Liu '
Dalian University of Technology

I Outline

Section | China Water Resources and
Quality

Section 2 Safe and Healthy Drinking
Water

‘ Section 3 (Functional )Bottled water

_53_



Q

o
M%S MHEZ O

I Section 1

Fresh Water Resources in China
Surface Water
Rivers , Lakes and Reservoirs
Ground Water

Dalian Water Supply

I

World fresh water supply

o

B et sceaty
B ovmonndt veer soninidy
ot Livele oo e weater seieity
2] Merestimazet

tote: £ o i tht vty
than 10% pf the cersalioamempoion i J025.
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I

China

St R

I 1.1 Surface water

Too Limited ( Scarcity in north)
Too Much ( Flooding in south)

Too Polluted ( vast area, affect a large
population)

Eaet | |

FEATURE: Erwvironmental Problems and Challenges in China
Bo-jie Fu, Xu-liang Zhuang, Gui-bin Jiang, Jian-bo Shi,and and Yi-he Lu
Environ.Sd. Technol, 41 (22), 7597-7602+
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I Water quality in Rivers
&K
1

Songhuajiang ’ﬂ

. '-::;,.o__ :f; 4 ‘-: < e,
{ E‘-rm /‘\\“"L L‘ Yellow Hwet'r e »"'{w \

ool i-Iual,hn

:f 3 2 T A~ ,,r‘/ f’l

| Yangtze F!Iver :_.‘- {

Legend \M"--'r S
L [}

o~
Grade |-l e 2 _
Grade V-V A :..-»5,, b8 X ‘/ f
g Grade >V \‘1\ {//x /Pa‘llﬂjrger ) / t\
Sanreriy Watershed S
4
™

I Water Quality in Big Rivers

Yellow river 34 4] 95
Yangtze river 76 13 |
Pearl River 76 18 6

Huai He River |7 51 32

Haihe River 22 24 54
Liao He River 30 30 40
Songhua River 24 57 19

 EEESSIR TS ERR

60% china lakes are eutrophic , 50% river water quality is declining
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0 South verses North

o coibanooann ool i e R 13

I Water Supply: World and China

World :average per capita water supply 7300m 3/annual.
(20m 3/day)

In future 20 years, average fresh water will be 1/3 the
current level

i
i China:212 L/d in city , 69L/d in rural area

Japan : 315L/d per capita
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Reservoirs

Accounts for 34.5% of surface water supply
242.3 billion m3 water stored
in 471 large (>0.1 billion m3) and

2865 medium (0.01-0.1 billion m3) dam
reservoirs;

I

Some figures

67% of 660 big cities in China is facing water
shortage

The four big rivers( Yangtze and Yellow, Huai and Hai)
will be linked under the national water transfer
project, 44.8billions of m3 water , 10% national
surface water resources by 2050.

Current inter basin water transfer is only 2% surface
water

Meeting China’s Water Shortage Crisis: Current Practices and Challenges
Hefa Cheng.Yuanan Hu,and Jlanfu Zhao
Environ Sci. Technol,, 2009, 43 (2), 240-244> DOL: 10.102 i les801934a*
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I Method to save water :

Increase water use efficiency:

3 times world average , 6 times USA

By 2010, to |15 m3 per 10,000Yuan GDP
Increase Water Reuse:

Increase water Desalination

Increase rain harvesting

I 1.2 Ground Water

20% China total water supply in 2000 (in 1981,14%)
37% is not good for direct drinking,

| 7% need appropriate treatment,

2% is not potable,

8% need special treatment

Saltyf#@. brackishL M TKES.

70million people, only had access to ground water that
does not meet the standard.

_59_



%5 MHEZ Eli‘.ﬁd '

I 1.3 Pollutants in Water

Micro-pollutants in Surface water (river, lake, reservoirs)
and ground water '

Metal lons (As, F, cations, anions ),

Organics and nitrate (nutrients N,P microcystins,
Eutrophication,EDC , pesticide, Pops, PPCP)

I 1.3 Drinking Water Supply

Per capita drinking water <80liter/d

The supplied water quality is not ensured.There is
ongoing Projecting to supply safe drinking water in
rural areas and remote areas.

Big city water supply is potentially affected by DBR
EDC.And risk linked with accidents: Algae bloom in
Wuxi ; Explosion on Jilin province polluted Songhua
river |
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I 1.4 Dalian Water Resources
and supply

2007 Total water resources 3.066billion m3
Surface water 2.87billion (28.711Z)
Ground water (0.638billion)6.381Z
23Reservoirs water storage at the end of the year|3.851Z.
Water supplied|2.26Zm3
Surface water 8.761Zm3 (71.5%) :
Ground water supply 3.24/Zm3(26.4%) ;

Water reclamation and sea water desalination 0.261Z
m3(2. I_%)o

I Dalian ground water

Deep ground water in mountainous area

Water table increased by 0.5m at the end of
the year than at the beginning .(Rain fall and
water replenish).

South of Jinzhou average increase of water
table by 3.1 Im, Lushun 1.64m,

_61_




Lt ]

LO
M348 MME O

I Consumption

Agricultural water consumption, 43.9% :
Municipal/ civil use, 22.4% ;

Industrial water consumption 24.3%
Rural area domestic water use 9.4%,

Per capita : 212m3/a Domestic water
2241/d, country 90L/d.

Total Wastewater 4.821Z
Industrial 3.371Z,
Municipal |.451Z.

I 2007 Dalian tap water quality

x SEERSGE 24 SERRSERR
FRAEE S {E A% EREYS
BB (NTU) AEd3.0 0.49 97.0 99.92
EMARMET0.05 | 043 98.0 100
WA, () HAKAMEF030 | 0.80 98.0 100
MEEI A/EFH) | 100 3 985 100
BXGERE (4100 | FERH K 98.5 100
=51D)
LZEERE (%) — 9594 99.99
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I Dalian Drinking Water from
Wells

2007, 17 wells monitored , 23 quality index
8 wells Chloride Contents exceed standards
(47.1% wells )

Contents exceed standards: Nitrate (47.1% )
total hardness (55.6% wells)TDS 47.1%,Chloride
i 47.1%, Sulfatel 1.8%, Iron 5.88%.

Section 2 Safe , Healthy Drlnklng

I Water

More effective and robust treatment
technologies are needed to supply clean and
safe drinking water.

These technologies need to be cost and
energy effective.
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2. 1To Safe Water --Purification

Conventional process to remove pollutants

Flocculation —sedimentation —filtration —
disinfection

Enhanced pretreatment
Enhanced flocculation ,Enhanced filtration
Advanced treatment

Pretreatment

Ozone oxidation ( Oz + H202), problemic
production of bromate, perchlorate

KMnO4

( zeolites, clays ,Activated carbon) adsorption
Precipitation

Aeration

Biological

Acid —alkaline treatment
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I Advanced treatment

Removal of pollutants by Adsorption
Safe Disinfection

(Catalyzed)Ozone and biological GAC
Membrane based process

Other (catalysts and adsorbents composite using
magnetic and nano-catalytic ( for As, F removal )
composite adsorbents such as MnO2-Fe203

Membrane Process

Microfiltration(Membrane in Bio-Reactor)
UltraFiltration (suspends, colloids removal)
Nanofiltration ( remove large molecule)

Reverse Osmosis (remove ions and small
molecules , but high cost, energy
consumption intensive)
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[ Integrated Membrane process

UF-RO system design and operation

Tap water ,Brine (brackish water, saline, sea
water),Concentrated water

UF /adsorbents for turbidity removal

|-5 inlet, outlet 0.14NTU ,SDI < 2.5;

94% bacteria removal In RO, ions removal 98%
Operation cycle and Backwash duration| 5/] min
Pressure —flux, Membrane Fouling control

Maintenance & chemical cleaning

I Special process

Nitrate reduction

Anti-scaling

Mineral deposit reduction
Bromate, perchlorate reduction

Chemical or electrochemical methods

lon exchange methods

- BB —
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I Photocatalysis and adsorption

Photocatalysis : Nitrate removal / TN removal
Germicidal activity

Adsorptive membrane

Removes organics

While also retain solids suspends bacteria

Functional membranes could be regenerated

I 2.3Healthy drinking water

Definition

Small water clustor, 6-8 molecules
Alkaline PH>7.5
Reductive ORP <|00mv

Clean, no toxic ions and chemical pollutant ,
i free of harmful microbe, hygiene , safe

Minerals , within limits, no radioactivty
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I Water clustors

MPBP: -1 10 -85 verses actual 0 and |00

Water condenses, by releasing the energy from
hydrogen bond,

Smaller clustors ,more dynamic , high energy
level ,(6, 5 ringed clustor; 4, 3, dimer

More permeable, dissolving, dispersing

Enhance Immunity , metabolism,disposal of
harmful wastes in human being

Magnetic electric and laser irradiation to enhance
its energy level

I Healthy drinking water

Electrochemical
Magnetic
electromagnetic

Size inclusion and crystallization (zeolite
freeze and thaw) 6 ring water
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I 2.4 China water standard

For Drinking water
There are 4 tables

limitations : Enterobacter and microbe.
physiochemical . radioactive substances.

Acceptable levels for 70 pollutant chemicals

Radioactivity level of substances Ra- 226 Ra-
228

\ﬂ Guideline for naturally occurring
chemicals that are of health significance
in drinking-water

. Guideline valuea Chemical (mgflitre) Remarks

: v Arsenic0.01 (P) Barium 0.7 Boron 0.5 (T)

i 1+ Chromium0.05 (P) For total chromium

1 Fluoride 1.5 Volume of water consumed and intake from other sources
should be considered when setting national standards

 Manganese 0.4 (C) Molybdenum 0.07 Selenium 0.01

" Uranium 0.015 (P, T) Only chemical aspects of uranium addressed

" provisional guideline value, as there is evidence of a hazard, but
e e A e T s

1 T = provisional guideline value because calculated guideline value is
below the level that can be achieved through pmctlcal treatment
methods, source protection, etc.;

1+ C= concentrations of the substance at or below the health-based
guideline value may affect the appearance, taste or odour of the water,
resulting in consumer

_.69_
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I Drinking water standard

v 4 EERAKAKBRIETER

v 4 EETHAKBNFES THELAER RUEAFPIKALTE,
v 4L EFRTAAPREEERERED.

v 4,12 R IRAKPIEEDREARERES AKRRE,

v 4013 AR KPR YRR G EE AR,

0o 414 EERAKAZREERRE,

v 415 SRR KR EEANE,

vo40.6 AERAAKBRIFERITRIDAETR, Ehx{goKl]
' *FF?Eﬁﬁ*IFE{E tﬂrxﬂ%ﬁi#ﬁKQﬁﬁf&ﬁ'l%EiﬂﬁﬁAi’%

i 4|mm\ﬂ$¢ﬁﬂtmﬂﬁmﬁmmxﬁl SHFIRE, S5
AR R BRI T, HalstnihiRsk]. AT,

4.1.8 ﬁ&iﬂﬁﬂﬂiﬁm%&ﬁﬁ£$#ﬂi 2Bl E ARBHT
i, BETERA— AL AR .

I 3 Bottled water

|. Bottled water Standards
functioning and Pretreatment

2. China bottled water markets and
consumptions

3. Development policy and trend for healthy
drinks
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I China standard for bottled
natural mineral water

001 0001 005 005

02 250 1000 02 |

I Standards

Mineral water :

New standard , take effect on |st October ,
2009, less than 0.0l mg/L bromate or |0 g/L

Microbe index

Source water <5 CFU/ml
Bottled product water 50CFU/I
No E coli, in 100ml|
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I Microbe and Organics limits

Phenolics <0.002mg/L

Cyanides (CN-) <0.010 mg/L
Nitrites NOz2- <0.0050 mg/L

Total beta radioactivity: <1.50 BQ/L

I Standard of bottled drinking
water :

i BE 45 $iHealth index
=p Ca2+-0.87 pNa+ >= 5.2
M 235 $4 Flavor index
=(pCatpK++ pSiO2)/ (pMg2++ pSO42-)
>=2
Chroma <=15
Turbidity NTU <=5
No odor , no smell ,no discernable impurity
TSS >=1000 mg/L

_?2_
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| Delicious water

Remains after evaporation : 30-200mg/L
Free CO2 3-30mg/L

Residue Cl- 0.4mg/L

Hardness 10-100

COD Mn <3mg/L

Ordour <3

Temp. <20C

I Pretreatment before bottling

Membrane |

Ozonation and bromate formation
| Omicrogram/liter

Disinfection method
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Bottled water

60-70% did not meet the FDA standard for
US Market

China bottled water
To enhance standard /restriction on organics

Analyzing/Checking with FDA method, found
| -8 microgram/L

I

Consumption of bottled water

China ,bottled natural mineral water 1987
2000, 5540000 ton bottled water in China
37.15% , bottled drinks
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I Bottled Water classification

Purified water, (RO, electro-dialysis, lon exchange,
Distilled )

Alkaline ionized water

Magnetic water : surface tension decrease
pH increase, DO increase, Smaller water clustors

Enhance immune system , beautify , prevent stone
formation, rheuthmatics, and high blood pressure

Mineral water

I China bottled water production

1980’S , 4100 location/sites of mineral
water ,1200 companies for producing bottled
1 water ,1000,0000ton/total annual production

Famous China mineral water
Jilin (Chang Bai Shan), Si Chuan, Yun Nan,
: Liaoning (Liao Yang), Hubei Wuhan,

Brands : 7] 3k |1l 5%, kE A0S, B UTME. TR
5100 ice valley;#5[E £ 53,8 MK XK,
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I Healthy drinking water

Low sugar , low calory
Functional with Vitamine, antoxidants,
nutritional healthy ingredients
Traditional ( haw-thorn, pomgrenades
Flavored drinks
B Apple , pear, tea, coffee, soybean derived
Chestnuts, peanuts , berries ,peach,
Mixed / tropicana

I  Drinks, with healthy functions

Anti-fatigue .  Enhancing immunity level
Antioxidants ,Stimulants ,Vitamines

Traditional : Tea , Coffee, soda, popular drinks :
coco cola, 7 , juices, mixed ,low
sugar,pomegranades;

Sports ,mineral enriched
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I Huge profits

WAHAHA , Hang Zhou Corp., Limited

2009 First season, income |10300million Yuan ,
tax 2900million Yuan

New recruits 7000 persons

Example : high school , 3*12class, 60 students
: /class, 0.7 million bottle /year |

An University : 10000students,3.6million
bottle /year

I 3.4 Issues related with bottled
water

Risk from Bottle material :release harmful

- components
affected by storage temperature , not too high, not
too long storage time
Light weight : cost and energy consumption in
Transport ;
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3.5Suggestions

Protect water source

Quality control

Risk/hazard management

Choose the targets people

Good marketing policy

Flavor (components)and functions
Set a reasonable price

Image management

U

Summary 1

Water resources and drinking water supply in
China were introduced. China is facing in
drinking water supply and treatment, because
of the pollution risk of water sources from
harmful ions or organic toxics.

Standards of drinking water and bottled water
were given .

_78_




—

& 539 88+ ¥ 440 2H54 4 72 0l

I Summary 2

Removing hazardous pollutants to provide
clean, safe and healthy drinking water requires
integration of efforts and inputs from different
managerial and technical areas.

AOP, Membrane based water purification and
Adsorbent based purification studies were
briefly discussed. Special water purification
techniques and material were also reviewed.

I Summary 3

Definition of healthy water and index range
for delicious water was given .

Bottled water is consumed in large quantities,
especially in summer. Bottled water is a trade
with huge profit and large market.

Issues related with bottled water were
discussed, such as source water quality and
protection, quality management, packaging and
functioning for marketing purposes.
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= Amsppa F(2000), Forentino 5(2007), Comelis S(2008

= AEEGRT

Minelli et al(2000)
- AIAPYC] Eip SURPRIA

= Na-K ATPase Z2 XA : Vanadate ) Vanadyl
OISR, =IOy TR0 NS FFE(2005)

« 2% T8 EE P RA Q2 Bt

- S0 UPIEHE YOI &S oY 2 81 et

= FFEEH HME 23 27

28 A9S EVY 2IM(2004, BHIeY)
- E8%E: 30~60ppb(I2T14a)

222 : RS

el=: ,
IAEQ! 7= 30ppb
AYEIR T 50ppb
ltaly SEImMe 2ygIE=er 50ppb

= I, 2=0 UI-I=2=| 80ppb T

= HILIEC] 21°1% 7} F=(RBC) - 260ppb
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SHAISIAIE: ML S5 A AS(ROS) AHE S

100
EEEE DDW
Samda water
a0+ B Tap water

[==5] Vanadium water

Intracellular ROS scavenging activity (%)

butanol ethyl acetate
StAFSEA| Sl Superoxide 2012 &~ HEHA
@ ® @ @ 8
100 ¢
EE DOV
Samda waler
BN Tap water

80t Vanadium water

Superoxide radical scavenging (%)

butanol ethyl aceiale
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B DDW
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Hydroxyl radical scavenging (%)

butanal ethyl acetate
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Intrecellular ROB production (%)
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