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Feed Water

 Dialysis centers use water from a public supply, which 
may be derived from either surface-, ground or blended 
waters

 Source of the water may be important in terms of 
bacterial endotoxin, different types of microorganisms 
(bacteria, cyanobacteria, fungi, etc.), and even blue 
green algae toxins



Hazardous Nature of Water

 Very large exposure volumes; patients exposed to > 360 L/week
 Little or no renal excretion
 Dialyzer semipermeable membrane is sole barrier
 Protein adsorption enhances accumulation



Uses of Water in a Dialysis Clinic

 Water is the primary component of dialysate
– Water is proportioned with acid concentrate (acetic acid 

or Citrasate®) and bicarbonate concentrate 
– The final bath is made at the hemodialysis machine

 Water is also used to dilute disinfectants
– Type of water (facility or treated) is dependent on the 

anticipated use of the product
 Treated water is used for dialyzer reprocessing 

– Dilution of disinfectant concentrates
– Pre-rinsing dialyzers and for header cleaning

Reuse is no longer performed in 
the United States



Relationship between concentration of Gram-negative bacteria 
in dialysate and pyrogenic reactions among dialysis patients

Log10 CFU/mL

Number of 
Dialysis 
Sessions

Pyrogenic 
reactions Attack Rate (%)

1-100 25 1a 4
100-10,000 31 4 13

>10,000 21 5 24

a Questionable laboratory result
Favero MS, et al.  Trans Am Soc Artif Intern Organs 1974; 20:175-183;
Favero MS, et al. Health Lab Sci 1975;12(4):321-334



CDC Outbreaks Related to Contamination of 
Hemodialysis Fluids, 1980-2024

 Microbial contamination of water or dialysate (12) 
− Contaminated distribution systems
− Contaminated water sources
− Contaminated patient station boxes (backflow from drains)

 Chemical Contamination of water or dialysate (11)
⎯ Chemical contaminants included: Aluminum,  monochloramine, cyanobacterial toxins, fluoride,  

volatile sulfur compounds
 Those associated with dialyzer reuse (14):

− Contaminated water and distribution system
− Insufficient amount of germicide
− Header sepsis



CDC Outbreaks Associated with Dialyzer Reuse

 Use of multiple germicides
 Failure to rinse out dialyzer disinfectant
 Use of a chemical germicide that was not compatible with cellulosic 

membranes
 Inadequate concentration of dialyzer disinfectant
 Poor water quality
 Issues dealing with the removal of header caps and o -rings (“Header 

Sepsis” )
 Water treatment equipment malfunction or failure



So, What Can go Wrong?



When do I suspect potential problems with water or 
dialysate?

 Bacteremia with waterborne opportunistic pathogen
– Pseudomonas aeruginosa, Burkholderia cepacia complex, Stenotrophomonas 

matlophilia, Ralstonia pickettii, Ralstonia mannitolilytica, Ralstonia eutropha, 
Ralstonia paucula, Klebsiella pneumoniae, Enterobacter cloacae, Ochrobactrum 
anthropi

– Mycobacterium abscessus, Mycobacterium mucogenicum, Mycobacterium fortuitum
– Candida parapsilosis, Phialemonium curvatum

 Pyrogenic reactions
 Multiple patients with onset of acute or delayed systemic reactions



Standards and Recommended Practices
Conditions for Coverage

AAMI.  RD52-2004, 09 CMS. ESRD CfC, 2008 ANSI/AAMI/ISO 23500 Series



Microbial Limits and Patient Outcomes

 Outbreaks end once water and dialysate microbial limits returned below the old 
AAMI Limits (ANSI/AAMI RD52:2004)*

https://www.cms.gov/regulations-and-guidance/legislation/cfcsandcops/downloads/esrdfinalrule0415.pdf


Current Microbial Limits
AAMI. Preparation and quality management of fluids for haemodialysis and 
related therapies. ANSI/AAMI/ISO 23500 parts 1-5: 2019

Fluid MCL Action Limit
Water for dialysis <100 CFU/mL

<0.25 EU/mL50
50 CFU/mL

0.125 EU/mL
Conventional Dialysate <100 CFU/mL

< 0.5 EU/mL
50 CFU

0.25 EU/mL
Ultrapure Dialysate 100 CFU/L

<0.03 EU/ML
Substitution fluid Sterile and nonpyrogenic

Check facility policies and procedures to see adopted



Chemical Contaminants with Documented Toxicity in 
Hemodialysis Patients

Contaminant MCL (mg/L) Dialysis Patient Symptoms
Aluminum 0.01 Anemia, Osteodystrophy

Dialysis encephalopathy, Dialysis dementia

Total Chlorine 0.1 Hemolysis, anemia, rHEpo resistance

Copper 0.1 Anemia, hemolysis, leukocytosis, metabolic acidosis and 
gastrointestinal symptoms muscle pain, liver damage

Fluoride 0.2 Pruritus, Cardiac arrest, chest pain,  hypotension, 

Lead 0.0005 Anemia, Osteodystrophy

Nitrate (as N) 2 Anemia, methemoglobinemia, hypotension

Sulphate 100 Metabolic acidosis, nausea and vomiting

Zinc 0.1 Anemia, nausea, vomiting, fever



Electrolytes normally included in dialysis fluid
Contaminant MCL (mg/L) Dialysis Patient Symptoms
Calcium 2 (0.05 mmol/L

Hard water syndrome (nausea, vomiting, weakness, hypertension 
and increased risk of arteriovenous fistula thrombosis.)Magnesium 4 (0.15 mmol/L)

Potassium 8 (0.2 mmol/L) increase in serum PTH 

Sodium 70  (3.0 mmol/L) Hypertension, increased  thirst, nausea and vomiting, headache, 
pulmonary edema, shortness of breath, tachycardia



Trace Elements Present in Dialysis Water
Contaminant MCL (mg/L)

Antimony 0.006

Arsenic 0.005

Barium 0.1

Beryllium 0.0004

Cadmium 0.001

Contaminant MCL (mg/L)

Chromium 0.014

Mercury 0.0002

Selenium 0.09

Silver 0.005

Thallium 0.002

These values are 1:10th the MCL for potable water; Selenium is set to the transfer level.



Water Treatment Processes
 Pre-treatment



Pre-treatment Objectives
 Protect patients from drinking water disinfectants (chlorine 

and chloramines)
 Protect components from foulants (silts, colloids, humic 

acids, biologicals, etc.), scale, and oxidants
 Protect down stream components
 Provide optimum conditions for component operation



Typical Pre-treatment Chain



Water Treatment
• Reduce inorganic (chemical) 

contaminants to safe levels
• Reduce bacterial counts and 

endotoxin concentrations to safe 
levels



Reverse Osmosis



Water Purification Processes

Osmonics, Inc.



DEIONIZATION (DI)
 Ion exchange process, exchanges OH- and H+ to form 

water from anions and cations
 Produce water of highest ionic quality 
 Highly dangerous when exhausted
 Bacteria & endotoxin levels increase, large surface 

area for microbial amplification
 Often used for RO “polish” or backup water 

treatment
 Requires alarms



Distribution System Pitfalls
 Non-inert materials
 Bacterial colonization due to: 



Indirect Feed Schematic Diagram



Direct Feed Diagram



How Often Should Monitoring Be Performed

 More is always better
 Some components are monitored daily
 Some are monitored continuously with temperature compensated 

audio and visual alarms
 Based on manufacturer’s recommendation
 Some are monthly
 Some annually (eg. AAMI Chemicals); but seasonally may be 

better



Framework for Surveillance Water Treatment 
Equipment, Distribution Systems, and Dialysis Fluid









Daily Monitoring
Item To Monitor What To Monitor
Sediment/Depth filter Δ Pressure
Sediment Filter (If it backwashes) Check timer

Cartridge Filter Δ Pressure
Softener Product water softness @ end of day
Brine Tank Level of undissolved salt
Softener regeneration cycle Check timer
Chemical Injection Systems Chemical level in reservoir, controlling 

parameter 
Carbon Adsorption Prior to each shift: Total Chlorine
Ultrafilters Δ Pressure



Monthly Monitoring
Item to Monitor What to Monitor Specification*
Water* Microbial growth and pyrogens HPC < 50 CFU/mL; Endotoxin < 

1EU/ml
Dialysate Microbial growth and pyrogens; rotate so 

that each machine is tested at least once 
per year

HPC < 50 CFU/mL; Endotoxin < 
1EU/ml

UV Light Source Energy output
Patients Potassium, BUN (blood urea nitrogen), 

creatinine, and phosphorus
On a Quarterly basis HgB, and 
Iron; Aluminum, 

 Action Limits (ANSI/AAMI/ISO 23500 Series:2019)
 for new systems weekly until an established pattern consistent 
 With compliance limits is demonstrated



Continuous Monitoring
Item to Monitor What to Monitor Specification
Reverse Osmosis Product and reject water 

flow rates, calculated 
recovery (record daily)

Flow rates >X.X gpm;
% recovery(eg, 90-99%)

Deionizers Resistivity > 1 MΩ-cm



Performance Disinfection Monitoring
Item  to Monitor What to Monitor Specification
Ozone generators Concentration of O3 in 

water
During each 
disinfection

Hot water disinfection 
systems

Temperature and 
exposure time

During each 
disinfection

Disinfectant 
(Hypochlorite, 
peracetic acid, Ozone, 
etc.)

Concentration; 
presence testing

Confirm contact time 
and rinse out

Microbial 
Contamination

Heterotrophic plate 
count and bacterial 
endotoxin testing

At least monthly



Microbial Control
Disinfection Strategies

 Chemical Germicides:
 Aqueous formaldehyde (1-2%)*
 Sodium hypochlorite (500 ppm-5000mg/L)
 Hydrogen peroxide
 Peracetic acid
 Ozone
 Chlorine dioxide

 Other Mechanisms:
 Hot water pasteurization (>80°C)

*included for historical purposes; No longer used since classified as a carcinogen and EPA set limits 
regarding allowable concentrations discharged to wastewater and sewer system



An Example of the Validation Process



Potential Problem Areas

 How do we truly detect biofilm if it forms on all wetted surfaces?
– In real world sampling of surfaces scrapings or actual visualization via 

fluorescent imaging or electron microscopy is used to detect the presence of 
biofilm

 What microbiologic assays tell us the true story?
– Current culture techniques and time schedules measure planktonic (free 

swimming cells). 
– Microorganisms prefer to grow on surfaces



Biofilm SEM



Scanning Electron Micrographs of Established 
Biofilm



 The primary 
approach in 
respect of 
interpretation of 
microbiological 
test results is the 
use of trend 
analysis.

 Algorithm of 
actions to be 
taken in the event 
of Microbiologic 
MCLs are reached



Responding to Results Some Examples
 Colony counts or endotoxin > than action limit:  Investigate and considered 

disinfection distribution loops
 If chlorine break through on worker tank call vendor to replace GAC and monitor 

chlorine of water after 2nd serial tank (Polisher)
 Responding to alarms or Δ P: 

– investigate cause; 
– replace components as necessary; 
– Clean and disinfect RO membrane/replace membrane
– Replacement of DI tanks (for facilities that use these)



Summary
 Water treatment systems and dialysis distribution systems should be monitored
 Results of microbiologic data and system data should be trended to inform actions
 In addition to system and environmental monitoring active surveillance for adverse 

dialysis events should be in place.  
– Bloodstream infections
– Pyrogenic Reactions
– Other adverse events (Dementia, bone disease, pruiritis, hemolysis, anemia, rhEPO 

resistance, hypotension, nausea vomiting, cardiac events, etc)
 Results are discussed as part of CQI/CQA meetings;
 Medical Director or designee is notified when monitoring indicates a problem



Resources
 AAMI Complete Dialysis Collection:  https://aami.org/news-

resources/publications/complete-dialysis-collection-2022 
 Dialysis Safety:  https://www.cdc.gov/dialysis/index.html
 Water Use in Dialysis: (https://www.cdc.gov/dialysis/guidelines/water-

use.html)
 Dialysis Care After a Disaster: (https://www.cdc.gov/disasters/dialysis.html) 
 CMS ESRD Center: (https://www.cms.gov/medicare/coverage/end-stage-renal-

disease-center) 
 AHRQ Safety Program for End-Stage Renal Disease Facilities – Toolkit: 

(https://www.ahrq.gov/patient-safety/settings/esrd/resource.html) 

https://aami.org/news-resources/publications/complete-dialysis-collection-2022
https://aami.org/news-resources/publications/complete-dialysis-collection-2022
https://www.cdc.gov/dialysis/index.html
https://www.cdc.gov/dialysis/guidelines/water-use.html
https://www.cdc.gov/dialysis/guidelines/water-use.html
https://www.cdc.gov/disasters/dialysis.html
https://www.ahrq.gov/patient-safety/settings/esrd/resource.html


Resources II
 Nephrologists Transforming Dialysis Safety (NTDS): (https://epc.asn-

online.org/projects/ntds/#gsc.tab=0) 
 Forum of ESRD Networks Outpatient Medical Director Toolkit, 2021: 

(https://media.esrdnetworks.org/documents/Outpatient_Medical_Direct
or_Toolkit_2021_1118_combined.pdf) 

 CDC, EPA, AWWA.  Emergency Water Supply Planning Guide for Hospitals 
and Healthcare Facilities, 2019)  
(https://www.cdc.gov/healthywater/emergency/pdf/emergency-water-
supply-planning-guide-2019-508.pdf 

https://epc.asn-online.org/projects/ntds/#gsc.tab=0
https://epc.asn-online.org/projects/ntds/#gsc.tab=0
https://media.esrdnetworks.org/documents/Outpatient_Medical_Director_Toolkit_2021_1118_combined.pdf
https://media.esrdnetworks.org/documents/Outpatient_Medical_Director_Toolkit_2021_1118_combined.pdf
https://www.cdc.gov/healthywater/emergency/pdf/emergency-water-supply-planning-guide-2019-508.pdf
https://www.cdc.gov/healthywater/emergency/pdf/emergency-water-supply-planning-guide-2019-508.pdf


Coming from AAMI In the Near Future

 Committee Review of ANSI/AAMI/ISO 23500:2019 Series
 Update to AAMI.  Water testing Methodologies,  AAMI 

TIR58:2021
 New TIR in progress on Hemodialysis distribution systems (will 

cover backflow prevention, distribution system components 
and materials,  wall boxes)



For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY:  1-888-232-6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention.

NHSN RecommendationsThanks!

Matthew Arduino
Email:  mja4@cdc.gov

Join the Coalition: Making Dialysis Safer For Patients Coalition
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