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In the clinical environment of nephrology, the quality of water used for hemodialysis is not merely a matter of utility

but a fundamental pillar of patient safety. Patients undergoing hemodialysis (HD) are exposed to approximately 120

to 150 liters of water during a single treatment session, which translates to nearly 20,000 to 30,000 liters annually.

Unlike the gastrointestinal tract, which acts as a robust barrier against many environmental contaminants when

drinking water, the hemodialysis process involves the direct exchange of solutes between the blood and the

dialysate across a semipermeable membrane. This bypasses the body's natural defense mechanisms, making any

chemical or microbiological impurity in the water a direct threat to the patient's systemic health.

To address these risks, the Association for the Advancement of Medical Instrumentation (AAMI) and the 

International Organization for Standardization (ISO)have developed a rigorous framework of standards. This

article provides an in-depth technical analysis of these standards, focusing on the evolution from the ANSI/AAMI

RD series to the harmonized ISO 23500 standards, the requirements for ultrapure dialysate, and the essential

safety protocols for medical electrical equipment used in renal therapy.

The Evolution of AAMI and ISO Harmonization

For decades, the ANSI/AAMI RD series (such as RD52 and RD62) served as the gold standard for dialysis water 

quality in the United States. However, the globalization of medical device manufacturing and the need for unified 

clinical outcomes led to a significant movement toward international harmonization. Starting in 2009-2010, the 

AAMI Renal Disease and Detoxification (RDD) Committeeworked closely with ISO/TC 150/SC 2/WG 05 to align

American standards with international benchmarks.

The 2011/2012 release marked a pivotal moment where several legacy AAMI standards were retired in favor of 

adopted ISO versions. For instance, ISO 13959 replaced RD61 for water quality, and ISO 26722 replaced RD62for

water treatment equipment. This transition was further refined in the 2019/2020 editions, where the ISO 23500

series became the umbrella framework for the preparation and quality management of fluids for hemodialysis and

related therapies.

The Transition Matrix

The following table illustrates the shift from legacy RD standards to the current harmonized ISO frameworks

adopted by AAMI:



Legacy AAMI Standard Current ISO/AAMI Equivalent Scope of Coverage

ANSI/AAMI RD52 ANSI/AAMI/ISO 23500-1 General requirements for 
hemodialysis fluids

ANSI/AAMI RD61 ANSI/AAMI/ISO 23500-3 (13959) Water for hemodialysis and related 
therapies

ANSI/AAMI RD62 ANSI/AAMI/ISO 23500-2 (26722) Water treatment equipment for 
hemodialysis

ANSI/AAMI RD5 ANSI/AAMI/IEC 60601-2-16 Safety and performance of dialysis 
equipment

N/A AAMI TIR43 Technical Information Report on 
Ultrapure Dialysate

Technical Analysis of Water Quality Specifications

The primary goal of the ISO 23500-3 (formerly ISO 13959)standard is to specify the minimum requirements for

water used in hemodialysis. These requirements are divided into two categories: chemical contaminants and

microbiological limits. The rationale for these limits is based on the chronic exposure of dialysis patients to these

substances, which can lead to bioaccumulation and toxicity.

Chemical Contaminant Limits

The standard establishes strict Maximum Allowable Concentrations (MAC) for various substances. These are 

categorized into electrolytes (which are also present in the dialysate concentrate) and toxic metals/trace elements. 

For example, Aluminum is strictly capped at 0.01 mg/L because it is known to cause dialysis encephalopathy and 

osteomalacia. Chloramines, used by municipal water plants for disinfection, must be reduced to less than 0.1 mg/L

to prevent hemolytic anemia.

Microbiological and Endotoxin Standards

Microbiological contamination is measured in Colony Forming Units (CFU) per milliliter, and bacterial endotoxins

are measured in Endotoxin Units (EU) per milliliter. The AAMI standards distinguish between "Standard Dialysis

Water" and "Ultrapure Dialysate."

•  Standard Water/Dialysate: Bacterial count must be &lt; 100 CFU/ml and endotoxin levels &lt; 0.25 EU/ml. The 

Action Level is typically set at 50% of these values (50 CFU/ml and 0.125 EU/ml) to allow for preemptive system 

disinfection.

•  Ultrapure Dialysate: This requires a bacterial count of &lt; 0.1 CFU/ml and an endotoxin level of &lt; 0.03 EU/

ml. Achieving these levels usually requires the use of redundant ultrafilters (polyamide or polysulfone) at the point 

of use on the dialysis machine.

The Water Treatment Chain: A Step-by-Step Technical Workflow

To meet AAMI/ISO standards, a dialysis facility must implement a multi-stage water treatment system. Each

component has a specific engineering role in removing contaminants.

1. Pre-Treatment Phase

The pre-treatment phase protects the Reverse Osmosis (RO)membrane, which is the heart of the system. This



stage includes:

•  Temperature Blending Valve: Maintains water at approximately 25&deg;C (77&deg;F). RO membranes are 

less efficient at cold temperatures and can be damaged by high heat.

•  Sediment Filters: Remove particulate matter (sand, silt) that can clog downstream components.

•  Water Softener: Uses ion exchange (sodium for calcium and magnesium) to prevent scaling on the RO 

membrane. This is crucial for maintaining the "Recovery Rate" of the system.

•  Activated Carbon Tanks: Essential for removing chlorine and chloramines. AAMI requires two tanks in series 

(worker and polisher) with a Empty Bed Contact Time (EBCT) of at least 10 minutes total (5 minutes per tank).

2. Purification Phase (Reverse Osmosis)

Reverse Osmosis is the primary purification process. It uses high pressure to force water through a semipermeable 

membrane, rejecting 95-99% of ionic contaminants, bacteria, and endotoxins. The efficiency is monitored via 

Percent Rejection, calculated as:

% Rejection = [(Feed Water Conductivity - Product Water Conductivity) / Feed Water Conductivity] x 100

3. Distribution Phase

The distribution system must be designed to prevent stagnant water, which encourages biofilm formation. AAMI 

recommends a Continuous Indirect Feed or Direct Feedloop made of high-quality materials like PEX, stainless

steel, or PVDF. The flow velocity should ideally be maintained above 1.5 feet per second to minimize bacterial

adhesion.

Safety and Performance: ANSI/AAMI/IEC 60601-2-16:2012

While water quality standards address the input, IEC 60601-2-16 focuses on the dialysis machine itself. This 

standard outlines the BASIC SAFETY and ESSENTIAL PERFORMANCErequirements for hemodialysis,

hemodiafiltration, and hemofiltration equipment. Key technical mandates include:

•  Conductivity Monitoring: The machine must have redundant sensors to ensure the dialysate sodium 

concentration remains within safe limits (typically &plusmn;5% of the set point). Failure can lead to hypernatremia 

or hyponatremia.

•  Temperature Control: Dialysate temperature must be monitored to prevent thermal injury to the blood. 

Standard operating range is 35.5&deg;C to 38.0&deg;C.

•  Blood Leak Detection: Optical sensors must detect even minute amounts of blood in the dialysate circuit 

(indicating a ruptured dialyzer membrane) and immediately trigger a blood pump stop and line clamp.

•  Air Embolism Protection: Ultrasonic sensors are required to detect air bubbles in the venous return line, 

preventing potentially fatal air emboli.

Comparison of Global Dialysis Water Standards

While AAMI and ISO are largely harmonized, some regional variations persist, particularly when comparing against

European Pharmacopoeia standards. The table below summarizes these differences:



Parameter AAMI/ISO (Standard) AAMI/ISO (Ultrapure) European Standard

Bacteria (CFU/ml) &lt; 100 &lt; 0.1 &lt; 100

Endotoxins (EU/ml) &lt; 0.25 &lt; 0.03 &lt; 0.25

Action Level (Bacteria) 50 CFU/ml N/A N/A

Sampling Frequency Monthly Monthly Monthly/Quarterly

Practical Implementation and Field Monitoring

To ensure compliance with the 2020 Complete Dialysis Collection, clinical staff and biomedical technicians must

adhere to a strict monitoring schedule. This involves both chemical testing and microbiological sampling.

Microbiological Sampling Procedures

Technicians must use aseptic techniques when collecting water samples. The choice of culture media and 

incubation time is critical. AAMI/ISO recommends using low-nutrient media such as Tryptone Glucose Extract 

Agar (TGEA) or Reasoner's 2A (R2A)agar, as common laboratory agars like Blood Agar or TSA may not support

the growth of water-borne bacteria. Samples should be incubated at 17&deg;C to 23&deg;C for 7 days to allow for

slow-growing aquatic bacteria to flourish.

Chemical Monitoring and Chlorine Breakthrough

Chlorine and chloramine testing must be performed at the start of each patient shift. Testing is conducted after the

first carbon tank. If the level exceeds 0.1 mg/L, the "polisher" tank ensures patient safety, but the system must be

monitored hourly, and the worker tank must be replaced immediately. This is a critical safety step to prevent mass

hemolysis events.

Troubleshooting and Failure Mode Analysis

Even the most advanced systems can fail. Understanding the failure modes of water treatment components is

essential for a Senior Technical Writer or Clinical Engineer.

Biofilm Management

Biofilm is a structured community of microorganisms encapsulated within a self-produced polymeric matrix. Once a

biofilm is established in the distribution piping, it is extremely difficult to eradicate. It acts as a continuous source of

endotoxin and bacterial shedding.

•  Symptoms: Persistent high CFU counts despite frequent chemical disinfection.

•  Solution: Implement regular thermal disinfection (heating water to &gt;80&deg;C) or use oxidizing agents like 

peracetic acid or ozone. If biofilm persists, a physical "scrubbing" of the lines or full replacement may be required.

RO Membrane Fouling

Membrane fouling occurs when minerals or organic matter deposit on the membrane surface, leading to a drop in

permeate flow and an increase in pressure requirements.

•  Detection: Monitor the Normalized Permeate Flow. A 10-15% decline indicates fouling.

•  Correction: Perform a Chemical Clean-in-Place (CIP) using acidic cleaners for mineral scale or alkaline 



cleaners for organic fouling.

Executive Summary of Clinical Implications

The integration of AAMI and ISO standards represents a significant leap forward in renal care safety. By 

standardizing the requirements for water quality, dialysis fluids, and equipment performance, the nephrology 

community has significantly reduced the incidence of pyrogenic reactions and chemical toxicities. However, the 

move toward Ultrapure Dialysateas the default standard for all hemodialysis—not just hemodiafiltration—is the

next frontier. Research indicates that ultrapure fluids reduce chronic inflammation, improve responsiveness to

erythropoietin-stimulating agents (ESAs), and better preserve residual renal function.

Adherence to the ISO 23500 series and IEC 60601-2-16is not just a regulatory hurdle; it is a commitment to the

highest quality of life for patients with end-stage renal disease. As the technology evolves, the focus will remain on

refining these standards to incorporate new filtration technologies and more sensitive monitoring assays, ensuring

that the water used in life-sustaining therapy is as pure as modern science allows.
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