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Water Treatment for
Hemodialysis

“It Is not exaggerated to state
that inadequate water
treatment is one of the gravest
risks posed to the health of the
patient on dialysis.”

PR Keshaviah(dialysis pioneer)



Water Purification System

- = I

=

- F ° Al
(o == )D [
L || : oooo

o] ‘
e Fgdssle '




Overview

 Water
—Water treatment- Why and How

—Conseguences of inadequate water
treatment



Water contaminants

« Contaminants in ground or surface water
— Chemical contaminants

* Nitrates, sulphates, calcium, magnesium, trace
metals, heavy metals, pesticides

— Bacterial contaminants
» Excreted bacterial pathogens
— e.g faecal bacteria from animals
« Pathogens growing in water supplies
— e.g cyanobacteria

* Chemicals added during municipal treatment

Water delivered to the consumer complies with EPA requirements in
respect of contaminant levels



Why treat water further?

« Typically a dialysis patient is exposed to 360
liters of water per week, I.e 25 times more than
the average person drinks in a week

* A dialysis patient is exposed to more water In
three years than the average person in a
lifetime

« Transfer of contaminants from drinking water

IS prevented in the gut, but for dialysis patients
nlood Is separated from water used in the
oreparation of dialysis fluid by a semi
permeable membrane.




Water for dialysis

« Standards for water used in the production of
dialysis fluid define acceptable contaminant limits.
These limits are more strict than for drinking water
and are achieved by additional treatment.

* In the USA the manufacturer of the water
treatment plant is responsible for the provision of
water complying with the required standard. The

IS responsible in ensuring that the
contaminant levels in dialysis fluid remain within
acceptable limits. e.g as defined by AAMI
standards(American Association for Medical
Instrumentation)



AAMI WATER QUALITY STANDARDS -
RD62:2001

SUBSTANCES IN DIALYSATE SUBSTANCES TOXIC IN DIALYSIS
CALCIUM 2 ALUMINUM 0.01
MAGNESIUM 4 CHLORAMINES 0.10
SODIUM 70 FREE CHLORINE 0.5
POTASSIUM 8 COPPER 0.10

TOXIC SUBSTANCES (SDWA) FLUORIDE 0.20
ANTIMONY 0.006 NITRATE (as N) 2.0
ARSENIC 0.005 SULFATE 100
BERYLLIUM 0.0004 ZINC 0.10
BARIUM 0.1
CADMIUM 0.001 MICROBIOLOGICAL CONTAMINANTS
CHROMIUM 0.014 BACTERIA 200
LEAD 0.005 ACTION LEVEL 50
MERCURY 0.0002 ENDOTOXIN 2
SELENIUM 0.09 ACTION LEVEL 1
SILVER 0.005
THALIUM 0.002

CHEMICAL CONCENTRATIONS IN mg/L, BACTERIA CFU/mI, ENDOTOXIN EU/mI



TOXIC WATER CONTAMINANTS

CONTAMINANT

ALUMINIUM
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ENCEPHALOPATHY, BONE DISEASE,
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Conseguences of inappropriate water
qguality

* Nearly every water contaminant has the
ability to cause problems in ESRD
patients. Over a long period it may not be
easlily distinguishable from problems
arising from ESRD

* Chemical contaminants

— Aluminium

— Chlorine and chloramine
* Bacterial contamination



Three Deaths Associated With Excess
Aluminum in Dialysate
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Patient Injury In
Hemodialysis

1992 — 3 Patients die in Chicago.
Fluoride poisoning

1996 - 60 patients die in Caruaru,
Brazil.

Water system contaminated with high
levels of blue green algae



Patient Injuries In Hemodialysis

1996 - 9 patients die In the
Netherlands Antilles.

High levels of aluminum in water

1998 - 3 patients die in Hong Kong
Disinfectant contaminated water.



Patient Injuries In Hemodialysis

2000 - 2 patients die, 17 Injured In
Y oungstown, Ohio.

High levels of bacteria found In the
water distribution loop



Dialysate

1992 - 3 deaths associated with
excess aluminum In dialysate

1995 - Patient dies hours after
dialysate accident

2008 — 22 Patients hospitalized with
anemia after undetected chloramine
breakthrough



No matter how good the
source water supply Is, It
cannot be considered
suitable for dialysis
without further
purification.



Aluminium



Aluminium

Regulatory standard for drinking water

— 0.2mg/l [0.2ppm]

Desirable level in water used for the preparation of
haemodialysis fluid

— 0.01 mg/l [0.01 ppm]
Principal mode of removal
* Reverse osmosis
« Some may also be removed by deionizer
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Chlorine and Chloramine



CHLORAMINE-INDUCED
HEMOLYSIS

YEAR PLACE PTS Tx CAUSE

1970  MINNEAPOLIS ? WATER TREATMENT SYSTEM
1974  MADRID ? ?

1981  SYDNEY 13 MUNICIPAL WATER

1984  LOS ANGELES 25 WATER TREATMENT SYSTEM
1984  SAN DIEGO 10 WATER TREATMENT SYSTEM
1987  PHILADELPHIA 41 WATER TREATMENT SYSTEM
1989  SEOUL 24 MUNICIPAL WATER

1996 RAMAT-GAN ? WATER TREATMENT SYSTEM
1996 LONDON 0 MUNICIPAL WATER

1998 DURHAM 1 ?



Chlorine and chloramine

* Chlorine (Cl)

* Chloramine (C,HzCINO,S.Na)
— Condensation products of chlorine and ammonia

* By products

— Trihalomethanes (THM) and Haloacetic Acids (HAAS)
are formed when chlorine or other disinfectants react with
naturally occurring organic and inorganic matter in water.

— Thelir presence in water is regulated as both have
demonstrated carcinogenic activity in laboratory animals
and linked to an increased risk of miscarriage.






Chloramine and chlorine removal from

water

Carbon filtration is the only effective method for the
removal of chlorine and chloramines

Desirable features of carbon used

— Empty bed contact time [EBCT] with water 10 minutes
minimum

— Adsorptive capacity [lodine number] 900-1000

Requires polisher configuration for optimum effect

Effectiveness of carbon is dependent on a range of
factors, but it is estimated that 200kg of carbon is
required for 1000 litres of water(8 patients for 4 hours of
treatment)



What Is the optimal chloramine
concentration?

« Concentration of 0.1 mg/l set in the standards

— At low levels effects are countered by patients natural
antioxidants, however in patients with renal failure
these are diminished

« Concentrations 0.1-0.2 mg/I

— Red cell half life is diminished and this translates to a
higher rEPO requirement

« Concentrations 0.2-0.25 mg/I
— Clinical manifestations present-



Clinical effects of chlorine and
chloramines

« Acute haemolytic anaemia
— Heinz-body hemolysis
consisting of a cellular
Inclusion in a red blood cell
seen in hemodialysed patients
caused by chloramines in tap
water




Bacterial contamination



Bacterial contamination of drinking
water

« Water supplied to the consumer has mandatory
standards for microbiological quality

« Water routinely monitored for faecal bacteria, but may
also contain cryptosporidium, a parasite which causes
cryptosporidiosis an illness that can be serious or fatal
for patients with compromised immune systems.



Factors that Promote Bacterial
Growth In Dialysis Fluid Systems

Pseudomonas aeruginosa
Favorable environment
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Development and consequences of
within the water pipes

Bacteria enters system
Attaches to surface
Multiplies and spreads

Protective surface layer
develops

Fragments released

Inflammatory response in
patients




Sub-Optimal Frequency of
Disinfection of Water Systems

Tokars, ASAIO J 1998, 44:98-107
Centers for Disease Control and Prevention (CDC), USA



Dialysate Bacterial Contaminants

Bacterial Toxins Mol. W.

Endotoxins - cell wall components
Lipopolysaccharide (LPS)

T > 100kDa
LPS fragments with Lipid A
Other cell wall components
Peptidoglycans > 20 kDa
Muramy! peptides <5 kDa

Exotoxins — secreted
= 0] (0) WA 71 kDa




Standards for Water and Dialysis
Fluid Quality




Definitions of Dialysis Fluid Quality




Minimization of bacterial products in the
dialysis fluid

* Prevention of the formation of biofilm
* Monitoring
* Introduction of bacterial filters



Monitoring and control

 Disinfect regularly

— Prevents the development of bacterial
growth

* Monitor regularly
— Use appropriate methods
* Maintain records and QA charts




Monitoring Frequency

DEY

— Chlorine and chloramine ( every shift)
— Water softener

— RO

Weekly

— Cultures for bacteria
— LAL for endotoxin
Monthly

— All dialysis machines
6 monthly

— Feed water quality



Filtration



Filters incorporated into new generation of
proportionating systems to minimize endotoxin
exposure
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Ultrafilters Remove Bacterial Products
by Size Exclusion and Adsorption

Mechanisms

size exclusion adsorption
cut-off 30-40 kD hydrophobic binding




contaminated fluid
P.aeruginosa

P.cepacia

St.aureus

C.albicans

filtrate
n.d. = not detectable
(<0.02 CFU/ml)
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Reduced Microinflammation
prospectively assessed in vivo

CRP [mg/dl]

by analysis of CRP
2,5 -
% = p<0.05 vs Polyflux
5 '|' *x p<0.001 vs ESRD patients

**k

Reg. Cellulose Polyflux Controls

Schindler et. al, Clin Nephrol 2000
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Filtered Fluid Reduces
Inflammation in the patient

standard filtered
fluid fluid p<0.05

fluid quality cFu/m) 85 =593 90 =50 ?
IL-6 (pg/mi) 34 =5 40 38 =» 18 ?
CRP (mg/di) 1.2=>1.0 1.3=>0.6 ?
Hb (g/dI) 10.0 => 10.1 10.1=>10.2
rHUEPO (u/kg/week) 96 =» 92 92 => 64

Sitter, NDT 2000
30 Patients randomized to standard or filtered fluid for 12 months



Filtered Fluid Reduces Inflammation
and Improves Nutritional Markers

standard ultrapure
fluid fluid p<0.05

fluid quality cFu/m) 60 = 42 63=>0 *
IL-6 (pg/mi) 21 = 24 19 =»> 13 *
CRP (mgrd)) 0.9=>1.1 1.0=5>0.5

dry weight (kg) 713.5=374.1 712.1=»176.3
circumference (cm) 26.9 =5 26.5 26.3 =» 27.5
albumin (g/di) 3.5=73.6 3.6 =»3.9

Schiffl, NDT 2001
48 patients in parallel groups studied for 12 months



Summary

« Water quality Is an important contributor
to morbidity and outcomes in ESRD
patients

» Detailed attention to these aspects
needs to be paid to ensure optimal
outcomes associated with treatments

* Not doing it properly means mild to
severe Illness in most patients
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