In collaboration with

I BN B Massachusetts
I I Institute of

Technology

W § Mesda

Water quality management:
Standards, tests , technologies.

O By:
Iftikhar Ahmed Ph.D. (Paris)

Proj. Mngt. (Oxford)

X-Asst. Professor (Univ. Paris )
UN-Consultant (Environment)
Research fellow /Lecturer

Chemical and Environmental Engineering

Masdar Institute of technology
UAE

Iftikhar@ live.fr iftahmed@masdar.ac.ae


mailto:Iftikhar@live.fr
mailto:Iftikhar@live.fr

s Masdar @

Technology INSTITUTE

> Introduction :
f > Water pollution sources .
. ¥> Water quality standards
> AWS
» Water quality under no Lab
conditions.
» Water quality in Scientific Lab.
» Prospective



o Masdar
Technology INSTITUTE
_— , > s~ = . e v " = > = ),
—

Types of water :

Industrial

a‘-

Urban
) Surface
Underground

domestic water use:

=  Consumption (drinking and cooking)

= Hygiene (personal and domestic cleanliness)

=  Amenity use ( car washing, lawn watering).
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Water pollution
Any physical or chemical change in water
that adversely affects the health of
humans and other organisms

Eight categories
Sewage,
disease-causing agents,
sediment pollution,
inorganic plant and algal nutrients,
organic compounds,
inorganic chemicals,
radioactive substances,
thermal pollution
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Purification as source of pollution

* Chlorine Dilemma
— Chlorine kills disease causing organisms

— Chlorine byproducts are linked to
numerous cancers, miscarriages and
birth defects

— Peru stopped using chlorine

* 1991- huge cholera epidemic that infected
300,000 people

* Fluoridation
— Prevents tooth decay
— Linked to cancer, kidney disease
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MEASUREMENT OF POLLUTANTS IN WATER

Surface water
Law Order 1146/10.12.2002

Chemical parameters

Parameter Unit Limit values
| ] Il v
pH pH units 6,5< pH< 85
Dissolved oxygen mg/l O2 7 6 5 4
BOD5 mg/l 02 3 5 10 25
CODCr mg/l 02 10 25 50 125
Nitrate mg N/I 1 3 6 15
Nitrite mg N/I 0.01 0.06 0.12 0.3
Total phosphorus mg/l 0.1 0.2 0.4 1
Zinc total ug/l background 100 200 500
Chromium total ug/l background 2 4 10
Nickel total ug/l background 50 100 250
Lead total ug/l background 5 10 25
Copper total ug/l background 20 40 100
Anionic detergents ug/l background 500 750 1000
Oil hydrocarbures ug/l background 100 200 500

Environmental monitoring




MEASUREMENT OF POLLUTANTS IN WATER

Drinking water

Law 311/2004, completion of Law 458/2002

Chemical parameters

Parameter Limit value Unit
Ammonia 0,50 mg/l
Chlorine 250 mg/l
Conductivity 2.500 uS cm1 la 20°C
Nitrate 50 mg/I
Nitrite 0.5 mg/l
pH >6,5;<95 unitati de pH
Sulphate 250 mg/l
Sulphyde 100 ug/l
Turbidity <5 UNT
Chromium total 50 ug/l
Zinc 5.000 ug/l
Iron 200 ug/l
Manganese 50 ug/l
Copper 0.1 mg/l
Alpha global activity 0,1 Ba/l
Beta global activity 1 B/l




MEASUREMENT OF POLLUTANTS IN WATER

No. Quality indicator Unit Limit values Analysis method
1. pH pH units 6,5-8,5 SR ISO 10523-97
2. Suspended materials mg/dm3 350,0 (60,0) STAS 6953-81
3. Biochemical Oxygen Demand at 5 mg O,/dm?3 300,0 SR EN 1899-2/2002
days
4. Chemical Oxygen Demand (CCOCr) mg O,/dm3 500,0 SR ISO 6060-96
5. Ammonia (NH,*)® mg/dm3 30,0 SR ISO 5664:2001
SR ISO 7150-1/2001
6. Cyanide total (CN) mg/dm3 1,0 SR ISO 6703/1-98-2/00
7. Sulphide (S%) mg/dm?3 1,0 SR ISO 10530-97
8. Phenols (C,H,OH) mg/dm3 30,0 SR ISO 6439:2001;
SR ISO 8165/1/00
9. Oil products mg/dm3 5,0 SR 7877/1-95
10. Total phosphorus (P)® mg/dm3 50 SR EN 1189-2000
11. Synthetic detergents mg/dm? 25 SR EN 903:2003
12. Cadmium (Cd") mg/dm3 0,3 SR EN IS0 5961:2002
13. Zinc (Zn%") mg/dm3 1,0 STAS 8314-87;
SR 1SO 8288:2001
14. Lead (Pb2+)® mg/dm?3 0,5 STAS 8637-79;
15. Nickel (NiZ+)3 mg/dm3 1,0 SR 1SO 8288:2001
16. Manganese (Mn) mg/dm3 2,0 SR 8662/1-96
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ALLIANCE FOR WATER STEWARDSHIP (AWS)

= Global partnership for the responsible use of freshwater.
“the use of water that is socially equitable, environmentally

sustainable and economically beneficial achieved through a

stakeholder-inclusive process that involves site- and catchment-

based actions”.
= Owe their own INTERNATIONAL WATER STEWARDSHIP

STANDARD

2008: Formation of the AWS by initial members

2010: Launch of Global Water Roundtable (the multi-
stakeholder process to develop the AWS Standard and
pilot testing of draft regional Standards in Africa
2012: Publication of first draft AWS Standard

2014: Launch of AWS Standard v1.0. Launch of AWS
membership and capacity development programs.



Figure : Six steps for good water stewardship

Good Water Governance
- Sustainable Water Balance (quantity and flow)
- Good Water Quality
- Healthy Important Water Related Areas (special
sites and values
Level Conformity with Core Criteria
Cumulative Advanced-Level Criteria

532044 5 y3u 89

Points
AWS Core Required 0-39
AWS Gold Required 40-79
AWS Platinum Required 80+
ECOLAB § =

2
LN

AWS is registered as a Scottish Charitable Incorporated Organisation
(SC045894)



Odor and Taste?

What are some common odors/tastes?

— Earthy, musty, moldy
* Can be produced by some types of bacteria (actinomycetes)
e May occur after adding chlorine
— Grass, hay, straw, wood
e Associated with algal byproducts — decaying vegetation
— Marshy, swampy, septic, sewage, rotten egg
e Sulphur — human or natural
— Chlorine
e Residual from water treatment

How is it measured?
— Use your senses

— Do not breathe in the smell directly, use your hand to waft vapors
towards your nose



Color

Milky

Blackish Tint

Yellowish Tint

Reddish Tint

Foam

Precipitation of carbonates, excessive air, suspended

solids

Reactions with manganese and possibly iron, IRB/ Slime

Bacteria, anaerobic bacteria

Presence of humic or fluvic compounds, iron, IRB
bacteria, anaerobic/aerobic bacteria

Presence of Dissolved or precipitated iron, iron, IRB
bacteria, anaerobic/aerobic bacteria

Surfactants - Foaming Agents

The following table provides a comparison of a selection of parameters for concentrations listed by WHO, the European
Union, EPA, and Ministry of Environmental Protection of China.
" indicates that no standard has been identified by editors of this article and ns indicates that no standard exists. pg/l -
> Micro grams per litre or 0.001 ppm, mag/L -> 1 ppm or 1000 pg/|


http://www.water-research.net/hardness.htm
http://www.water-research.net/waterstaining.htm
http://www.water-research.net/bacteria.htm
http://www.water-research.net/bacteria.htm
http://www.water-research.net/iron.htm
https://en.wikipedia.org/wiki/Parts_per_million
https://en.wikipedia.org/wiki/Mg/l

Odor / Smell Problems Drinking Water

Rotten-Egg Odor Smell
Musty Odors Smell
Earthy, musty, grassy,
fishy, vegetable and
cucumber

Oily Smell

Methane Like Gas Smell

Phenolic Smell

Chemical Smell

Hydrogen sulfide, sulfate-reducing bacteria,

Softwater reactions in electric water heaters,
algal by-products, bacteria, algal by-products,
surfactants

Gasoline or oil contamination, possibly nuisance
bacteria

Organic decomposition - note natural gas has no
odor, but the natural gas delivered to your home
has mercaptans (sulfur -compounds)

added that create a strong odor to help detect
leaks.

Industrial or gasoline contamination

Organic chemicals, Industrial


http://www.water-research.net/sulfate.htm

Taste Problems

Salty-brackish

Alkali Taste

Oily, Fishy,
or Perfume-Like Tase

Metallic Taste

High sodium

High hardness, total dissolved solids, high alkalinity

Surfactants

Low pH, high metal content, corrosive water

A metallic taste can be caused by inorganic
chemicals such as iron (at levels over 0.004 mg/I),
manganese (> 0.1 mg/L) copper (2-5 mg/l), and zinc
(4-9 mg/l), nuisance bacteria



pH testing
tap water

Let's say we start off with the pH 6.5-10 paper. Dip the paper into the
beaker with the tap water for just a couple of seconds. Then take it to
the chart.



pH testing
tap water
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Tap water is probably close to being neutral (pH 7), so we will use the
two test papers that include pH 7 in their range. pH 4.0-7.0 will be
good if the water is somewhat acidic. pH 6.5-10 will be good if the
water is very slightly acidic to somewhat alkaline.



How is Turbidity Measured?

Secchi disk

— Measures water
transparency

— Measures depth
at which disk is
no longer visible

— Useful for deep
water



Total dissolved solids

Conductivity

« Test with a Conductivity
meter

« Measured in Siemens
or mhos/cm.




Total dissolved solids




Testing Nitrite, Nitrate and Chlorine
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Negative test for nitrite

0—7.0
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Hardness and Alkalinity

HARDNESS ppm ALKALNITY
o ) O
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A hardness test is mostly measuring the amount of calcium in the water. An
alkalinity test is measuring the amount of carbonate in the water. So both tests
are targeting calcium carbonate; one measuring calcium and the other
measuring the carbonate. So they both are very similar.



WHO Guidelines

Number of E. coli Present
(CFU/100 mL)

Risk

0-10 Reasonable Quality
11 - 100 Polluted

101 - 1,000 Dangerous

> 1,000 Very Dangerous

Source: WHQO, 1997; Harvey, 2007




Presence-Absence (P-A)

Simplest method

Add water sample to a bottle containing broth and let
it sit for 24-48 hours

Color will change if indicator organism is present
Does not show numbers of bacteria!

If the sample is positive, the water should be re-tested
gsmg membrane filtration to determine the number of
acteria

Not recommended by WHO for anal¥5|s of surface
water and untreated communlty water supplies

Not recommended for testing the efficiency of
qucus)ehold water treatment technologies (e g. biosand
ilter



MEASUREMENT OF POLLUTANTS IN WATER
Biochemical Oxygen Demand (BOD)

« BOD is a measure of the oxygen used by microorganisms to
decompose the organic waste dissolved in water.

« BOD is affected by temperature.

« BOD is influenced by the content of nitrates and phosphates
dissolved in the water.

« BOD is an indicator of the organic quality of water.

« It is most commonly expressed in milligrams of oxygen
consumed per litre of sample during 5 days of incubation at
20 C.

Two methods of measurement:
- Dilution method
- Manometric method

26
Environmental monitoring



MEASUREMENT OF POLLUTANTS IN WATER
Biochemical Oxygen Demand (BOD)

BOD Level

Water Quality

(in ppm)

Very Good
There will not be much organic waste
present in the water supply.

Fair: Moderately Clean

Poor: Somewhat Polluted

Usually indicates organic matter is
present and bacteria are decomposing
this waste.

Very Poor: Very Polluted
Contains organic waste.

27
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Chemical testing of water

* Chemical Testing
Methods

— Test strips

— Colour disc comparators

— Colorimeters & photometers
— Digital meter

Overall drinking Water Quality.

Physical tests .

ALKALINITY. Measurement needed to determine corrosivity.
CHLORIDE. High concentrations often indicate contamination from
a septic system, fertilizer, landfill or road salt.

CONDUCTIVITY. HARDNESS. pH. TDS. TSS .E.Coli



Iron and Health

e Need small amounts of iron in food to be
healthy

* No health impact, no WHO Guideline value

* >0.3 mg/L of iron
— Causes a bad taste
— Stains water pipes and well aprons
— Stains clothes during washing

2009-08
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Manganese

* Naturally found in groundwater
 \Water has a black colour or black flakes

e Common to find manganese and iron together
In water

2009-08 30



Manganese and Health

* Need some manganese in food to be healthy
 Too much or too little manganese can make people
sick
 WHO Guideline value < 0.4 mg/L
 >0.15 mg/L of manganese
— Causes a bad taste

— Stains water pipes and creates a coating that
comes off as small black flakes

— Stains clothes during washing
— Stains food during cooking

2009-08 31



As: Where does it come from?

* Anthropogenic or Man-Made:
— Drilling Wells
— Mineral Extraction
— Processing Wastes
— Pesticides

* Levels of As in water depend on:
— Level of human activity
— Distance from pollution sources



Disease-causing Agents

* |nfectious organisms
that cause diseases

— Originate in the wastes of
infected individuals
e Common bacterial or
viral diseases:
— Typhoid, cholera,

bacterial dysentery, polio,
and infectious hepatitis

Disease Infectious Agent
Cholera Vibrio cholerae
Dysentery Shigella dysenteriae
Enteritis Clostridium perfringens,
other bacteria
Typhoid Salmonella typhi

Infectious hepatitis
Poliomyelitis
Cryptosporidiosis
Amoebic dysentery

Schistosomiasis

Ancylostomiasis

Hepatitis virus A
Poliovirus
Cryptosporidium sp.
Entamoeba histolytica

Schistosoma sp.

Ancylostoma sp.




Smallest  Size Comparison

° Virus (0.02 to 0.2 micron)

‘ Bacteria (0.2 to 5 microns)

Protozoa
4 to 20 microns

~ Virus
Bacteria

Protozoa
'Helminth

Largest

D Pore size in a sand filter (1 micron)



Viruses

* Hepatitis (A and E are faecal-oral)
* Dengue Fever
* Polio

Hepatitis A

* Viruses depend on the host cells that they infect to replicate

* When stimulated, new viruses are formed, and burst out of the
host cell, killing it and going on to infect other cells

« Some viruses can remain viable outside of a host for long periods,
also in dry conditions

* Viruses can survive but will not grow in food



Membrane Filtration Equipment

Nalgene Testing Kit

2008-08
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Membrane Filtration

Most accurate method to count bacteria
Filter 100 mL of a water sample

— Add broth to a Petri dish which provides nutrients
for the indicator organism to grow

— Filter the water using the filtration equipment
— Transfer the filter paper to the Petri dish
— Incubate for 24-48 hours depending on the broth

If the indicator organism is present, colonies will
appear on the filter paper and can be counted

Results are reported as the number of colonies per
100 mL of water sample (CFU/100mL)

— CFU = colony forming units







Quality basic tests.

 Water quality in high tech lab



Sampling bottles and bags

Sico WHIRL-PAK Néuco WHIRL-PAK NascoWHIRL-#

Whirl-pak® bag Plastic Sample Bottles
(from 120 to 720mL) (from 200mL to 1500mL)
» Convenient * More robust

* Single Use * Re-usable



Measurement of water pollutants using ion selective

lons to be measured using ISE

Cations
Ammonium (NH#**)
Barium (Ba?*)
Calcium (Ca?*)
Copper (Cu?*)
Lead (Pb?*)
Mercury (Hg?*)
Potassium (K*)
Sodium (Na*)
Silver (Ag*)

electrodes (ISE)

Anions

Bromide (Br)
Chloride (CI")
Cyanide (CN"),
Fluoride (F)
lodide (I)

Nitrate (NO;)
Nitrite (NO,)
Perchlorate (ClO,)
Sulphide (S°)

Thiocyanate (SCN).

41
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Measurement of water pollutants using ion selective
electrodes (ISE)

P—

Latest technology: the same input
port for all electrodes—the HQD system
recognises them automatically

42




Measurement of water pollutants using ion selective
electrodes (ISE)

Advantages of measuring using ISE

 very fast and easy measurements

« the possibility of implementation of continuous monitoring

* relatively inexpensive

 wide range of concentration for a large variety of ions

Dby fulfilling the imposed conditions of maintenance and calibration, one
can achieve accuracy and precision levels of 2 — 3 %, sometimes
comparable with analytical techniques.

 unaffected by sample colour and turbidity.

43
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Measurement of water pollutants using ion selective
electrodes (ISE)

Concenfrafions gf Active Hyvdrogen and Hydroxyl Ions ar 253°C
at Diffevent pH Talues (in Gram-Moles/Liter) and Some Exam-
ples of Fluids That Have Corresponding pH Talues

pH  Fluid Example Hyvdrogen Ions Hydroxyl Ions
0 2% Sulfuric Acid 10 0.00000000:000:001
01 0.0000000000001
2 Lemon Juice 0.0l 0000000000001
3 0.001 0.00000000001
< Orange Tuice 0.0001 00000000001
] Coftage Cheess 0.00001 0000000001
6 Malk 0.000001 0.00000001
7 Pure Water 00000001 0.0000001
8 Ezg White 000000001 0000001
9 Borax 0000000001 0.00001
10 MMilk of Magnesia 0.0000000001 00001
11 000000000001 0.001
12 Photo Developer Q000000000001 0.0l
13 Lime 0.0000000000001 0.1

14 4% Sodivm Hydroxide O0.00000000000001 1.0

44
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MEASUREMENT OF POLLUTANTS IN WATER
Optical methods

They are based on: E =hc/A=hv
- reflection
- colorimetry
- absorbtion of light
- fluorescence

Planck equation

h = Planck’s constant (6.626 -10-3* J-s)

C = velocity of light in vacuum
A = wave length
Fluorescence v = light frequency
This method utilizes the fluorescence, either natural or induced, of a compound.

Fluorescent chemicals absorb radiation of a specific wavelength and emit at
another.

Monochrome _
light Light detector

@Vo::g:\’l{j
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MEASUREMENT OF POLLUTANTS IN WATER
Optical methods

Colorimetry
A =log(l/lo) = knC Beer’s law

Visual tests

1T ™ .
E B p

b!

Test strips Colour disk Colour cube Drop count test Digital titrator
Photometer
Monochrome i
light Light detector
O
Sample
46
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MEASUREMENT OF POLLUTANTS IN WATER
Measurement of metals using Atomic Absorption Spectrophotometry (AAS)
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Excitation Atomic
emission

© 2004 Thomson - Brooks/Cole

Absorbance

| | J\
200 300 400 500 600
Wavelength, nm

© 2004 Thomson - Brooks/Cole
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MEASUREMENT OF POLLUTANTS IN WATER
Measurement of metals using Atomic Absorption Spectrophotometry

Analytik Jena Zeenit A700 AAS spectrophotometer

48
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MEASUREMENT OF POLLUTANTS IN WATER
Dissolved Oxygen (DO) Measurement (Winkler method)

-

Azide-Winkler Method F=A
-~ y ) X ] HMicropipetta

2 mL manganese
sulfate Just below
surlace of liquid

2 ml canc. sullurlc
acid [ust sbove

X Mix by Inverting

N soveral times. !
Che<ck for alr =
bubblies. Remlix
afler precipltate

has seitied 1a

bottom.

Distilied HO )
Continue titraticn,

\ slirring conlinuously
untif sample Is clesr.

Repeal precedure

using 2 mil of aikali-
ladide~azide rozgent
In the seme meanneor.

. surlace of sample. o ssmple H to pale, atraw color.
7 L 19 mix *11 Siir and awlrl
/ E . B/C‘onthuully.
= S~ /,
% / / 2
5 & 'y 1) - i
[ < :,:
! { \ ~

9 Calculate DO conceniration -
DO (mg/L} = # il of titrant
x 1'mg DO/T mL

e

Tlhirate 201 m1
* of sample with
sodium thlosulfate
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