Treatment of drinking water



Water: when is it drinkable?

The EPA has determined maximum contaminant levels for 90
substances on water. There are 7 types of bacterial/viral
microorganisms; 7 disinfectants; 16 inorganic compounds;
54 organic compounds; 4 radioactive isotopes.

U.S. Environmental Protection Agency Drinking Water Standards for

Selected Substances

Maximum Contaminant

Substance Level (mg/L)

Primary standards: inorganic compounds
Arsenic 0.010
Barium 2
Copper 1.3
Cyanide 0.2
Fluoride 4.0
Lead 0.015

Nitrate 10




Ground water contamination

Groundwater contamination is alarming : a contaminated
underground aquifer may remain unusable for decades or longer.

Removal of contaminants requires technological efforts.

Major contaminants:

Nitrates from fertilizers

\Volatile organic compounds

*Heavy metals from industrial effluents

Leakage from underground storage tanks, including nuclear fuel



Overview Raw Water Coagulation Air Flotation Ozonation | Filtration Disinfection Ultaviolet Light Final Steps | Additional Processing = Conclusion

Winnipeg's Drinking Water

From Shoal Lake to Your Tap
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http://www.winnipeg.ca/waterandwaste/water/treatment/index.html

ElionidelsSteeth

Tooth enamel is a complex calcium phosphate called hydroxyapatite.

Hydroxyapatite | Fluorapatite

Cas(POy)0Hi(s) + Flag) —— Cas(POypF(s) + OH (aq)

Fluoride ions (F°) are known to substitute OH- (hydroxide) ions and to make
the enamel harder.

The concentration of fluoride in most communities varies from 0.7 to 1 ppm.

This seems to reduce the occurrence of cavities by 50%.
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MEMBRANE USES FOR WATER TREATMENT
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Wastewater treatment

Primary treatment

Settledewage

enlide

Sewage in

from primary Aeration tank

Secondary treatment

to land

disposal or
incineration



PRIMER

MEMBRANE FILTRATION

The pore size at each step is one-tenth smaller
1000 microns = 1 millimetre (0.001 metre)

Sedimentation Sand filtration

Microfiltration Ultrafiltration  Nanofiltration Reverse osmosis
1000 microns 100 microns 10 microns 1micron 0.1 micron 0.01 micron 0.001 micron 0.0001 micron
Particles of this  Typical pore size Typical pore size Typical pore size Typical pore size  Typical pore size
relatively large size in sand filtration, in microfiltration, in ultrafiltration,  in nanofiltration, in reverse osmosis,
can be removed removing removing more producing sterile removing all  producing essentially
from water as a most silt, sand silt and sand plus water butalso  organic molecules pure water
sediment or by and adhering a wide range of removing larger  plus a range of salts
the process of microorganisms microorganism but
sedimentation

organic molecules
not all viruses

Membranes work by creating a physical separation
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MEMBRANE PROCESSES

Generally, there are four common types of membrane

processes.

= Microfiltration
= Particle exclusion (> 0.1 um)
= Ultrafiltration
= Macro-molecule exclusion
MW between 2 kDa — 500 kDa

= Nanofiltration
= Molecule exclusion (MW between
200 Da and 2 kDa)
= Some multivalent ion exclusion
= Reverse Osmosis
= |on exclusion (monovalent ions)

Water Monovalent Multivalent Viruses Bacteria Suspended
s ; ; lons lons i
Microfiltration ¢ 9 solids
Water  Monovalent Itivalent viruses  Bacteria  SusPended
lons lons solids
Ultrafiltration
Monovalent Multivalent vj i
Water Viruses  Bacteria  Suspended

lons
Nanofiltration

Water  Monovalent Multivalent vViruses  Bacteria  Suspended
. lons lons solids
Reverse Osmosis

lons solids

— Ny N
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RELATIVE FILTRATION SPECTRUM

Separation
Process

Microns

Relative Size

Molecular Weight
(kiloDaltons, kD)

0.001 0.01 01 1 10 100 1000

Aqueus Salt
Sand (50+micro)

Latex Emulsion <

< P>

Dextrans (10- 150 kD)

Yeast Cells (0.3 - 8micro) Human Hai
<% > 4—5>

Pesticide Bacteria (0.2 - 20micro)
P i < >

O Glucose (180D} Q Ppolio Virus (2.73micro)
O Insulin (5808D)

O Hemoglobin (64kD) <& o D >
<&—3> Red Blood Cells {(6-8micro)

< Pigments (0.01 - Tmicro) >

There is no direct correlation between length

02 20 100 1) e {micrometers) and molecular size{daltons).
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“TREE" LAYOUT OF MEMBRANE FILTRATION

1st stage 20d stage
concentrate water concentrate water
TOC =133 mg/L TOC = 19.9 mg/L

| Ca=39mg/lL Ca=57 mg/L
Discharged
- concentrate
E—— | -m— —— -l
- ‘

Feed water N 950 m’/day

R | o [ S
Q=378 wide | o e "y

(1.0 mgd) Ca= 111 mg/L.
roco o | gLy 1 —-£
Ca=30mg/L :

Y

1st stage 2nd stage 3ed stage
permeate water permeate water ‘ permeate water
950 m”/day (0.25 mgd) Y 950 m*/day (025 mgd) 950 m*/day (0.25 mgd)
TOC = 0.1 mg/l. TOC ~0.1 mg/L. TOC=0.1 mg/L
Ca=3mg/L Ca=3mglL Ca=3mg/L
Typical System Recoveries for Different
Membrane Types
Membrane Type System Recovery (Fraclion)
Reverse osmosis 0200 K0
Nanoliliration L6000
Ultrafilration 0. E0-0.95+

Micrafiltration 01 80-0,954+ /,/l/. ws P

Source: David Hendricks, Fundamentals of Water Treatment Unit Processes, IWA Publishing, 2013.



MEMBRANES AND ARSENIC

MANITOBA GROUNDWATER

« Groundwater throughout the Province is typically good,
however it is influenced by both natural and anthropogenic
sources.

« Erosion and weathering of soils, minerals, etc., mining, industries, etc.
« Arsenic Is found in different parts of the Province, and even in

different parts of the same aquifer.
« Classified as human carcinogen

GCDWQ MAC based on treatment
achievabillity

Manitoba Drinking Water Quality
Standards Regulation

MAX 0.01 mg/L (10 pg/L)




ARSENIC AND IT'S MOBILITY

IN GROUNDWATER

« Theories of arsenic mobilization:
« Oxidation of As-bearing sulfides
» Desorption of As from oxides and hydroxides
* Release from geothermal waters
« Leaching of As from sulfides by carbonate

*Source identification i1s difficult.

*Substantial verification is needed to distinguish mechanisms
which release arsenic.




ARSENIC CYCLE

BLIC LSS SUIL SU L SL T

.....

anthrqpo-
L L

-----
B I SO
STy R e
.......

V2%

ol e arsenobetaine
o/ . X + -
SRR A TN S R ICICRN (CH3)3AS CH 2COO
R A NI KK AR SoX KR K XFRS KA
SRV IIIIIIIIHIIRICAIICIIN
SO G TR T
O O O O RO O
LR R R R RR AR AR (CH ) As z
: N RS 32FAN
e oxidation .
| methylation
As (IID) As (V) - by algae
¢ A _reduction _ A
J reduction oxidation
As (0) As (IIT) As(V)  Sediment
. oxidatio_ql 4} 4_reduction _

Source: Microbial arsenic: from geocycles to genes and enzymes Rita Mukhopadhyay, Barry ﬁ.wsp
P. Rosen, Le T. Phung, Simon Silver FEMS Microbiology Reviews Aug 2002 =



ARSENIC AND IT'S MOBILITY

« There are both organic and inorganic forms of arsenic found in
nature.

* Arsenic is present in a number of different forms and oxidation

states (-3, 0, +3, +5)
* |naqueous

o) o) o)
A“s +5 | reductase AIS +3 |nethylation A”S environments, dissolved
"".— g . .
7 | gl 000 # /1N arsenic is normally
HO OH OH HO OH HO CH3. oy found as part of
arsenate arsenite methylarsonic acid . . . h
S oxyanions in either
0 @ -
L T arsenate (+5) or arsenite
RN (+3) form.
O &s\g\:\o‘\ H3C OH CH3 '-edoc ' H
I w® dimethylarsinic acid \t'oti |
/AIS\ CH, /As\
H.C CH. CH reduction |
3 3 3 —> As H,C CH,

7N\
H,C CH,

trimethvlarsine

trimethylarsine oxide dimethylarsine

pmWSP




ARSENIC AND MEMBRANE REMOVAL '

* As anions, As(lll) and As(V) are soluble and cannot be
removed as ions by a MF or UF membrane. These forms are

much smaller than the typical pore sizes associated with these
membranes.

* As As,O,, As(lll) has no net charge and thus is more difficult for
membrane removal

« Often design to oxidize As(lll) to As(V) for membrane
removal.

* As(V) has a net charge, facilitating removal.

« Alternative Is to coagulate prior to MF
 Depends on design, scale, budget, blending, etc.
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MEMBRANE ARSENIC REMOVAL

Water Chemistry

* pH

* As concentration
* As speciation

* lonic strength

* Co-solutes Physical Parameters
: * Pressure
Design Factors
. * Temperature
To Consider * Flow rate
* Recovery

Membrane Characteristics

« MWCO

* Membrane surface charge

e Salt separation ability

* Hydrophobicity

* Fouling ///./IWSP
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