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Abstract

The necessity of purification of dialysis fluids has been discussed since the 1980s. The Japanese Society for Dialysis
Therapy (JSDT) presented a standard for dialysis fluid purification in 1995 and revised three times after that. Lastly,
JSDT presented a new standard on microbiological management of fluids for Hemodialysis and related therapies in
2008 (the 2008 JSDT standard). It, however, specifies biological contaminants (ET and bacteria) alone.

The society further revised the 2008 JSDT standard with the addition of the water quality standard for chemical
contaminants and management standard for water treatment equipment in 2016 (the 2016 JSDT standard). This
article describes the 2016 JSDT.

Chapter 1 describes the water quality standard for biological contaminants without any modification of the standard
values in the 2008 JSDT standard because the ultrapure dialysis fluid standard was met at 66.4% of all responder
facilities in a 2014 survey conducted by the JSDT.

Chapter 2 describes the water quality standard for chemical contaminants. Twelve items are specified in the standard,
inasmuch as the toxic potentials of these chemicals have been verified, or are suspected. When the water treatment
equipment is operated appropriately, chemical contaminants are appropriately removed from raw water and safe dialysis
water is supplied to dialysis machines. However, chemical contaminants in raw water should be confirmed at least before
installation of the water treatment equipment. In the daily management, water quality data on the source of raw water
must be confirmed in each season of the year. If some chemical contaminants in source of raw water do not meet the
water quality standard, the relevant chemical contaminants in dialysis water should be measured at least once a year.
Chapter 3 describes the measurement of the residual chlorine. The concentration of total residual chlorine (total chlorine)
in dialysis water should be less than 0.1 mg/L.

The management standard for water treatment equipment is proposed in Chapter 4. Chapter 5 describes in detail
the management.

Keywords: Dialysis fluids, Water quality standard, Biological contaminants, Chemical contaminants, Water
treatment equipment

* Correspondence: mmine@twmu.ac.jp

'Subcommittee on the Function and Efficacy of Blood Purification Therapy,
The Scientific Academic Committee of the Japanese Society for Dialysis
Therapy, Tokyo, Japan

The Scientific Academic Committee of the Japanese Society for Dialysis
Therapy, Tokyo, Japan

Full list of author information is available at the end of the article

- © Japanese Society for Dialysis Therapy. 2018 Open Access This article is distributed under the terms of the Creative
() B|°Med Central Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s41100-018-0155-x&domain=pdf
mailto:mmine@twmu.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Mineshima et al. Renal Replacement Therapy (2018) 4:15

Background and objectives

The necessity of purification of dialysis fluids has been
discussed since the 1980s, primarily in Europe. In Japan,
the Japanese Society for Dialysis Therapy (JSDT)
presented a standard for dialysis fluid purification [1] in
1995, and this standard was revised in 1998 [2] and 2005
[3], along with the spread of high-performance
membrane dialyzers, online hemodiafiltration (HDF)
therapy, etc. Nevertheless, the standard in Japan was
revised solely in regard to the levels of endotoxins (ETs),
and no precise standard was developed for bacteria. In
various other countries, in contrast, a water quality
standard with emphasis on the detection of bacteria has
been presented and the International Organization for
Standardization (ISO) has formulated the standard [4].
On the ground of the ISO standard, the JSDT presented
a new Standard on Microbiological Management of
Fluids for Hemodialysis and Related Therapies [5, 6] in
2008 (herein after, the 2008 JSDT standard) and
Standard on the Management of Endotoxin Retentive
Filter for Dialysis and Related Therapies [7] in 2011
(herein after, the 2011 JSDT ETRF standard). In concert
with these standards, online HDF equipment and therapy
became approved as a medical device and modality,
respectively, covered by the national health insurance.

Following the institution of the 2008 JSDT standard,
there was marked improvement in the degree of dialysis
fluid purification at dialysis facilities across the country,
and according to the JSDT statistical survey carried out
at the end of 2014, ultrapure dialysis fluid standard had
been achieved at 66.4% of all responder facilities [8].
Moreover, there has also been a marked increase in the
patient population receiving online HDF therapy.

The 2008 JSDT standard, however, specifies biological
contaminants (ET and bacteria) alone, with no
specifications on chemical contaminants. Control of
chemical contaminants is basically dependent on both
the water quality of raw water and the performance of
water treatment equipment. However, the water treat-
ment equipment is not approved as a medical device in
Japan. So no standard for the water treatment equip-
ment has been set up, so that the onus has largely been
left to the manufacturers of the equipment.

Under these circumstances, the Society further revised
the 2008 JSDT Standard of Fluids for Hemodialysis and
Related Therapies with the addition of the water quality
standard for chemical contaminants and management
standard for water treatment equipment. Thereby, it is
expected that purification in whole process from dialysis
water to final dialysis fluid can be achieved. As an
additional remark, this document states that the scope
of application of this standard is limited to blood
purification (chronic/acute blood purification) under-
taken at facilities.
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Chapter 1: water quality standard for biological
contaminants

1-1.Ultimate goals of the standard established for
biological contamination
o Dialysis water
Viable bacterial count: Less than 100 CFU/mL
ET: Less than 0.050 EU/mL
e Standard dialysis fluid
Viable bacterial count: Less than 100 CFU/mL
ET: Less than 0.050 EU/mL
o Ultrapure dialysis fluid
Viable bacterial count: Less than 0.1 CFU/mL
ET: Less than 0.001 EU/mL (below the lower
limit of the assay sensitivity)
Note: The action level of the above standard
(degree of contamination requiring measures to
prevent a tendency towards elevation of the
contamination beyond the standard level) will be
set in accordance with the contamination status
of the facility, but typically at 50% of the
maximum allowable level, except for the ET of
ultrapure dialysis fluid.
e Online prepared substitution fluid
Sterile and non-pyrogenic (endotoxin-free)
1-2.Test for compliance
ET: Limulus lysate test. Any kit verified to have
equivalent sensitivity might be used.
Detection of viable bacteria: Reasoner’s agar no. 2
(R2A) and tryptone glucose extract agar (TGEA)
plates should be basically used, although any other
culture method proven to have equivalent assay
sensitivity may be applicable, whatever the culture
method employed or not.
Conditions of incubation: Plates should be incubated
at 17-23 °C for 7 days insofar as R2A and TGEA are
employed.
1-3.Sampling points
o Dialysis water: Outlet point of the water
treatment equipment
o Dialysis fluid: Inlet of the dialyzer
e Online prepared substitution fluid: Substitution
fluid sampling point
1-4.Day of sampling: Perform the sampling when the
risk of contamination is expected to be the
highest, hence leaving a maximum interval after
the process of disinfection with chemical
disinfectant/hot water, etc., in order to avoid
overestimation of the water quality due to the
effects of disinfection.
1-5.Frequency of monitoring (ET and viable bacteria)
o Dialysis water: Every 3 months (when the
standard is being observed). At once a month
unless the standard is met.
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e Standard dialysis fluid: At least one machine

should be tested each month so that each
machine is tested at least once a year.

Ultrapure dialysis fluid: In the case of a dialysis
machine which has been validated by a
manufacturer, the standard for use of manufacturer
should be observed. Dialysis fluid for preparing
online substitution fluid should be tested for ET
and viable bacteria at 2-week intervals until the
system becomes stabilized. When the system is
judged to have become stabilized by the Dialysis
Equipment Safety Management Committee, at
least one machine is tested each month so that
each machine is tested at least once a year.

Online prepared substitution fluid: Using a
dialysis machine which has been validated by a
manufacturer, the standard for use of
manufacturer should be observed. Dialysis fluid
for preparing online substitution fluid should
meet the standard for ultrapure dialysis fluid.

ET: Online prepared substitution fluid should be
tested at 2-week intervals until the system becomes
stabilized and at least once a month such that each
unit is tested at least once a year after the system is
judged to have become stabilized by the Dialysis
Equipment Safety Management Committee.

Viable bacteria: Assay at 107° is infeasible.

1-6.Conditions of dialysis to which the respective
dialysis fluid standards are applicable
e Standard dialysis fluid
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This fluid is of minimum quality for hemodialysis.
e Ultrapure dialysis fluid
Dialysis fluid for preparing online substitution
fluid
Dialysis machine positively using back filtration
dialysis fluid (e.g., fully automated dialysis machine)
Push-and-pull HDF machine
Internal filtration-enhanced hemodialysis
Recommended basically for all hemodialysis
therapies
e Online prepared substitution fluid:
Online HDF/HF
1-7.Endotoxin retentive filter (ETRF) management
standard
e For ETRE, refer to and aim to meet the 2011
JSDT ETRF standard [7].
1-8.Safety measures
Management of dialysis fluids and dialysis machines
should be implemented in conformity with the
guidelines laid down in the appropriate management
manuals. Therefore, the medical device safety
manager should perform validation of the dialysis
machines at each facility. The manager will then
carry out the following updates (Fig. 1).
1) Update the dialysis education and training
curriculum.
2) Update the dialysis fluid management manuals.
3) Prepare a management record and assay record
and retain these records in accordance with the
method used for medical records. Relevant

Medical Safety Committee
(Medical Safety Administrator)

Hospital-Acquired Infection Control Committee
(Nosocomial Infection Control Personnel)

8

N —

Drug Safety Manager

Medical Devices Safety Management Officer Holding training courses for personnel
Appropriate implementation of maintenance and inspection
@ Collection of information concerned and management of safety information

® Person in charge of dialysis fluid preparation
* Quality control manager
® Person in charge of devices and installation

Dialysis Equipment Safety Management Committee
o Dialysis fluid safety manager (Chair: Full-time physician or medical engineer)

Note

 The dialysis fluid safety manager should be well versed with the quality and safety management from raw water of dialysis
water to discharged dialysis fluid and has completed a prescribed training course. The dialysis fluid safety manager may also serve

concurrently as a medical devices safety management officer.

® The quality control manager should be a full-time physician for dialysis or a person with good knowledge of quality control.
e Participation of a manufacturer should be limited to the post of an observer in compliance with the provisions of the Japan Fair

Trade Council of the Medical Devices Industry.

Legal bases

Act No. 84 of June 21, 2006: Law to Amend the Medical Care Law in Establishing a

System that Provides High Quality Medical Care.

MHLW/HPBG Notification No. 0330001 and MHLW/HPBRD Notification No. 0330018 of March 30, 2007: Points to consider in the operation to establish a

medical devices safety management system.

Fig. 1 Dialysis fluid safety management system
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documents must be archived for 3 years from the

date of preparation or for 1 year after the

expiration date.

4) For management of dialysis machines and dialysis
fluid water quality, the medical device safety
manager will set up a Dialysis Equipment Safety
Management Committee (DESMC) under the
direction of the dialysis equipment safety
manager and implement the following.

e The DESMC will draw up a plan for the
management of dialysis machines, carry out
appropriate conservation and management,
and retain and manage reports.

e The DESMC will conduct training classes for
each staff to ensure proper use.

e The DESMC will perform unified control of
related medical care information and make it
known to every user, without exception, and
convey information on any accidents to the
dialysis equipment safety manager.

5) Online prepared substitution fluid may be used
solely in equipment that has been validated by
the dialysis fluid manufacturer. Further, it
should be used under a warrant of safety by
the DESMC.

Commentary

After the publication of the JSDT 2008 standard [5, 6], the
JSDT 2011 ETRF standard [7] was published. Thereafter,
the online HDF apparatus was approved as a multi-purpose
dialysis machine. Furthermore, a National Health Insurance
reimbursement medical fee for online HDF and a dialysis
fluid water quality-securing additional reimbursement fee
were set. Thereby, the ultrapure dialysis fluid standard was
met at 66.4% of all responder facilities in a 2014 survey
conducted by the JSDT [8]. Also, according to a report
from the Japanese Renal Data System, purification of dialy-
sis fluid led to a decreased mortality rate [9]. These may be
said to be the result of stipulations in the 2008 standard.
The present revision is, therefore, limited to fine correction
of the terms incorporating the above changes, without any
modification of the standard values in respect of biological
contamination. As for the theoretical background of the
standard, please refer to the 2008 JSDT standard [5], the
Letter to the Editor [6], stating the points of correction, and
the 2011 JSDT ETRF standard [7].

Chapter 2: water quality standard for chemical
contaminants

2-1.Chemical contaminants and relevant standards
(Table 1)
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Commentary

Typical disorders reflecting the impact of chemical
contaminants include encephalopathy and osteomalacia
caused by aluminum; hemolytic anemia induced by
chloramine, copper, or zinc; and pruritus and ventricular
fibrillation evoked by fluorine; other disorders caused by
trace elements have also been reported. Under the Water
Supply Act in Japan, 51 items are laid down as the water
quality standard for drinking water. Furthermore, in
ISO13959, 22 items are specified in the water quality
standard for chemical contaminants in dialysis water (total
chlorine, sulfates, potassium, antimony, barium, beryllium,
silver, and thallium, in addition to some of the items stated
in the water quality standard for drinking water) [10].
Strict control is required as to groups 1 and 2 in Table 1,
inasmuch as the toxic potentials of these chemicals have
been verified, or are suspected. As to group 3, however,
the chemical contaminants are included herein on account
of the US Environmental Protection Agency (EPA) Safe
Drinking Water Act 1996, and these chemical contami-
nants are excluded from the measurement items in the
2016 Standard, because their toxicities in humans and the
evidence for reference values have not been clearly
documented even in ISO13959 and because most of these
chemical contaminants are rejected sufficiently by an RO
membrane.

2-2.Control of chemical contaminants: At installation
of a water treatment equipment

1. Disclosed or measured values of source of raw
water, which are provided from water supply
utility or private water supply, should be
confirmed.

2. Chemical contaminants in raw water should be
measured and confirmed whether the measured
values meet the water quality standard for
drinking water.

3. Chemical contaminants in dialysis water should
be measured and confirmed whether the
measured values meet the water quality standard
for chemical contaminants.

4. In case some chemical contaminants in dialysis
water do not meet the water quality standard for
chemical contaminants, the water treatment
equipment should be inspected and reconfigured
to meet the water quality standard for chemical
contaminants.

5. Even if chemical contaminants in dialysis water
meet the water quality standard for chemical
contaminants, the chemical contaminants in
dialysis water should be measured about once a
year, if some chemical contaminants in raw
water” do not meet the water quality standard for
chemical contaminants.
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Table 1 The water quality standard for chemical contaminants in dialysis water (ISO13959) and the water quality standard for drinking

water (the Water Supply Act in Japan)

Group Category Maximum allowable levels (mg/L)
Group 1 Contaminants with documented Chemical contaminants ISO standard for dialysis water Water quality standard for
toxicity in hemodialysis drinking water in Japan

Aluminum 0.01 0.2
Total chloride 0.1 No std. set
Copper 0.1 1
Fluorine compound 0.2 0.8
Lead 0.005 0.01
Nitrate (as N) 2 10
Sulfate 100 No std. set
Zinc 0.1 1

Group 2 Electrolytes normally included in Calcium 2 300°

dialysis fluid Magnesium 4

Potassium 8 No std. set
Sodium 70 200

Group 3 Trace elements in dialysis water Antimony 0.006 0.02°
Arsenic 0.005 0.01
Barium 0.1 0.7
Beryllium 0.0004 No std. set
Cadmium 0.001 0.003
Chromium 0.014 0.05
Mercury 0.0002 0.0005
Selenium 0.09 0.01
Silver 0.005 No std. set
Thallium 0.002 No std. set

?Set down as total hardness
PComplementary items
“Items for further study

Commentary

When the water treatment equipment is operated
appropriately, chemical contaminants are appropriately
removed from raw water and safe dialysis water is
supplied to dialysis machines. However, the contamination
of raw water may be increased with the geographical
region, season, and status (e.g., in the event of a disaster),
so that such chemical contaminants may enter the
patient’s body. Therefore, it is necessary that the source of
raw water be periodically confirmed.

Even if the source of raw water meets the water quality
standard for drinking water, there still exists a risk of
contamination by water piping systems, elevated tanks,
etc. until the source of raw water arrives at the dialysis
facility. It is important, therefore, to confirm that
chemical contaminants in raw water meet the water
quality standard for drinking water at least before
installation of the water treatment equipment (the items
and applicable standard are summarized in Table 2).

Measurement of chemical contaminants in dialysis
water is mandatory after the water treatment equipment
is installed. However, since it may require a few days
until concentrations of the chemical contaminants can
be determined, the water treatment equipment may be
operated immediately after the installation as long as
chemical contaminants in raw water meet the water
quality standard for drinking water.

Concentrations of total residual chlorine, Ca®*, and
Mg>* in raw water obviously exceed the standard, but
they are excluded, because their management standards
are shown in Additional file 1: Table S1 “Management
standard of water and device/unit”.

2-3.Control of chemical contaminants: Daily
management
When raw water is supplied under the “regulations
based on the Water Supply Act in Japan” (see
Additional file 2: Figure S2),
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Table 2 Water quality items and applicable standard at the time of installation of water treatment equipment
Object Water quality item To be determined  To be determined ~ Remarks (applicable standard)  Meeting the

before installation

after installation requirements

Source of raw water 51 items (water quality standard for O

drinking water in Japan)

Raw water 12 items (water quality standard for O

chemical contaminants)

Dialysis water 12 items (water quality standard for -

chemical contaminants)

- Water quality standard for Confirmed
drinking water in Japan

- Water quality standard for Measured
drinking water in Japan

o Water quality standard for Measured

chemical contaminants

1) Water quality data on the source of raw water,
which are provided from water supply utility or
private water supply, must be confirmed in each
season of the year.

2) If some chemical contaminants in source of raw
water do not meet the water quality standard for
chemical contaminants:

(1)Water quality data for chemical contaminants
in source of raw water should be taken note of.

(2)In the case the Dialysis Equipment Safety
Management Committee judges that there is
possibility of contamination by chemical
contaminants, the relevant chemical
contaminants in dialysis water should be
measured at least once a year.

(3)In the case that some chemical
contaminants in dialysis water do not meet
the water quality standard for chemical
contaminants, the water treatment
equipment must be inspected and
reconfigured to meet the water quality
standard for chemical contaminants under
the responsibility of the Dialysis Equipment
Safety Management Committee.

(4)Nitric acid and nitrites are typical chemical
contaminants that are difficult to be rejected
by the RO membrane.

When raw water is not supplied under the
regulations based on the Water Supply Act in
Japan (see Additional file 2: Figure S2),

1) Plan for water quality monitoring should be
formulated in accordance with Water Supply Act
in Japan, and the water quality monitoring should
be performed appropriately according to the plan.
Raw water shall meet the water quality standard
for drinking water.

2) In the case that raw water meets the water quality
standard for drinking water, raw water should be
managed in the same method as “the raw water
supplied in accordance with the regulation based
on the Water Supply Act in Japan”

3) When raw water does not meet the water quality
standard for drinking water (including cases
where necessary items are not measured),

(1)Performance of the water treatment
equipment should be reconfirmed, and
chemical contaminants in both raw water and
dialysis water should also be measured at least
once a year.

(2)In case of some chemical contaminants in
dialysis water do not meet the water quality
standard for chemical contaminants, the water
treatment equipment must be inspected and
reconfigured to meet the water quality
standard for chemical contaminants under the
responsibility of the Dialysis Equipment Safety
Management Committee.

Commentary

When raw water is supplied from “water supply utility,”
it is basically warranted for safety as drinking water and
water quality data on the source of raw water are available
to the public and updated on a regular basis, so the
dialysis facilities can obtain and utilize these data for
controlling chemical contamination in raw water.

However, chemical contaminants in source of raw
water may not meet the water quality standard for
chemical contaminants depending on the region, season,
or other conditions. Strict control for raw water is
required particularly, when some chemical contaminants
in raw water are difficult to be rejected by RO mem-
brane and are in a very high concentration. Therefore, it
is recommended to measure the relevant chemical
contaminants in dialysis water.

Nitric acid and nitrites may be mentioned concretely
as potential contaminants. These chemical contaminants
can cause methemoglobinemia in the body and
consequent hypoxia. When the origin of raw water is
underground water, some chemical contaminants in raw
water may not meet the water quality standard for
chemical contaminants in sporadic regions. Further, the
rejection performance of RO membrane is low for nitric
acid and nitrites, so that dialysis fluid may be contami-
nated by such chemical contaminants if management for
the water treatment equipment is insufficient.

Furthermore, a warranty on compliance with the water
quality standard based on the Water Supply Act in Japan
is required at dialysis facilities when raw water is not
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supplied under the regulations based on the Water
Supply Act in Japan, and if such warranty cannot be
achieved, dialysis water must be strictly controlled
against chemical contaminants.

2-4.Control of chemical contaminants: In the event of
disasters or in case of emergencies
At the time of disasters or in case of emergencies, as
source of raw water might be polluted, the water
treatment equipment must be carried out under
scrutiny and control, and it is desirable to measure
chemical contaminants in both raw water and
dialysis water as soon as the measurement becomes
practicable after disasters or emergencies.

Commentary

At the time of disasters or in case of emergencies, water
supply system including of source of raw water, water
distribution network, and/or water service pipes in dialysis
facilities might be damaged and chemical contaminants
might be poorly controlled. Moreover, water utilities
might increase residual chlorine concentration in
finished water for preventing microbial contamination.
Therefore, scrutiny and control of the water treatment
equipment are necessary.

Chapter 3: measurement of the residual chlorine

1. It is recommended to measure the total residual
chlorine (sum of free chlorine and combined
chlorine [chloramine]).

2. The concentration of total residual chlorine (total
chlorine) should be less than 0.1 mg/L.

3. Management of the total residual chlorine should be
carried out with reference to Additional file 1: Table
S1: “Management standard of water and device/unit”.

4. The concentration of total residual chlorine in raw
water could increase at times of disasters or in case
of emergencies; therefore, strengthening
management of activated carbon after these
incidents is of importance.

Commentary

Ammonia nitrogen may be contained in raw water, and
it depends on the property of source of raw water.
Ammonia nitrogen binds to free chlorine to form com-
bined chlorine (chloramine). Contamination of dialysis
fluid by the chloramine may be occurred, if the concen-
tration of chloramine exceeds the treatment capacity of
activated carbon or reverse osmosis membrane. Cases of
hemolysis as a consequence have been reported [11]. On
the 2016 standard, it is recommended to measure the
total residual chlorine.
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Chapter 4: proposal of a “management standard
for water treatment equipment”

Raw water is treated by water treatment process such as
filtration, ion exchange, adsorption, and reverse osmosis.
After the treatment, dialysis water should meet both the
water quality standard for chemical contaminants and
water quality standard for biological contaminants.

Since there are a variety of devices available from
many manufacturers, management of the water
treatment equipment is left to each dialysis facilities.
The 2016 JSDT standard, therefore, puts forth the
proposal of “Management Standard for Water treatment
Equipment” as a supplement.

In particular, Management Standard for Individual
Component Units (Supplementary Chapter 4) is presented
with the requirements for daily management. The Dialysis
Equipment Safety Management Committee at each dialysis
facility must conduct daily management with reference
to the “Management Standard for Water Treatment
Equipment.”

Chapter 5: supplement and management standard
for water treatment equipment

In Japan, water treatment equipment is not classified
under the category of medical devices, and each manu-
facturer establishes their original standards and conduct
production control and quality control. There is also no
overt management standard in respect of maintenance,
and each dialysis facilities have managed the water treat-
ment equipment by themselves, in accordance with the
manufacturer’s standards for maintenance and inspec-
tion, etc. In light of the current situation, the Japanese
Society for Dialysis Therapy has set up a management
standard for water treatment equipment to ensure
preparation of safe and stable dialysis water.

Supplementary Chapter 1 overview

1-1.Purpose
The purpose of this management standard is to
constantly ensure fulfillment of the requirements for
dialysis water indicated in the 2016 JSDT standard. In
order to achieve this purpose, this standard presents
to manufacturers of water treatment equipment the
performance that water treatment equipment must be
endowed with at the time of shipment.
Dialysis water prepared by water treatment
equipment is used as a diluent for dialysis fluid;
therefore, removal and management for chemical
contaminants, as well as of biological contaminants,
is highly required. Occurrence of chemical
contaminants, mainly metallic elements, in dialysis
water brings about various harmful effects in vivo,
and if biological contaminants represented by
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endotoxins enter the blood, they cause many adverse
reactions such as fever, inflammation, and depressed
hemopoiesis.
1-2.Scope
This management standard applies to water
treatment equipment which is composed of a
pretreatment unit, an RO unit, and an RO permeate
supply unit. The pretreatment unit includes such
devices as cartridge filter, softener, and activated
carbon (Additional file 3: Figure S1) [12].
1-3.Performance
e Supplies the flow rate of dialysis water necessary
for dialysis therapy
e Meets the water quality standard for dialysis water
1-4.Exclusion of application
Water treatment equipment excluded from this
standard should conform to the management
standard of the manufacturers of the water
treatment equipment.

Commentary

Water treatment equipment is not classified under the
category of medical devices in Japan but is a device that
is indispensable to dialysis therapy, as it is aimed at
protection of hemodialysis patients from adverse
reactions that arise from chemical contamination and
biological contamination of water origin. Manufacturers
of water treatment equipment in Japan have thus been
pursuing product development keeping in mind not only
enhanced efficiency of the water treatment technique,
but also improvement of the purification level con-
stantly. Management of both daily operation and peri-
odic maintenance are important to maintain the level of
purification highly. Management of daily operation is
aimed at an accurate grasp of the conditions of the
devices, while management of maintenance is to pre-
vent occurrence of mechanical faults and malfunc-
tions. Devices required management of both daily
operation and maintenance in water treatment
equipment include softener, activated carbon, RO
membrane, ultraviolet irradiator, UF membrane, vari-
ous monitoring equipment, and pumps. Management
of both daily operation and periodic maintenance
should be conducted by the dialysis facility and will
lessen unexpected faults and contribute to stable op-
eration of the equipment.

Water treatment equipment has been developed for
the purpose of separating and removing undesired sub-
stances with the principles of filtration, adsorption, and
membrane separation. In the performance evaluation of
the equipment, it is important to take into account not
only the separating and removing capacity, but also the
durability of the equipment.
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Additional file 3: Figure S1 depicts an example of
standard specification water treatment equipment. Options
include raw water supply unit and ultrafiltration unit.

For water treatment equipment falling under exclusion,
the manufacturers of water treatment equipment should
establish individual management standards in accordance
with this management standard.

Supplementary Chapter 2: definition of terms

(1) Terms relating to water (see Additional file 3: Figure S1)

e Raw water ...... Water flowing into a raw water
supply unit of the water treatment equipment, or
water flowing directly into a pretreatment unit

e RO feed water ...... Water flowing into an RO
unit (flow rate of RO feed water = flow rate of RO
permeate + flow rate of RO retentate)

e RO permeate ...... Water purified by an RO unit

e RO retentate ...... Concentrated water discharged
from an RO unit
e Dialysis water ...... Water in the outlet point of

the water treatment equipment, which supplies to
the central dialysis fluid delivery system or
individual dialysis fluid delivery system

e Source of raw water ...... Water provided by water
supply utilities or private water supply, ensuring
its quality

(2) Terms relating to the water quality/standard

e Conductivity ...... An indicator of a substance’s
ability to conduct an electrical current; the fewer
the substance contains electrolytes, the smaller is
the value of this indicator. Synonyms: electrical
conductivity, electrical conductance, and
conductance.

e Water quality standard of chemical contaminants,
Water quality standard of biological contaminants
...... Water quality standards for dialysis water
specified in the 2016 JSDT standards

e RO rejection performance ...... The performance
is evaluated by rejection coefficient of
conductivity of the RO unit or conductivity in
RO permeate in this management standard

(3) Terms relating to equipment

e RO unit ...... A unit composed of RO
membranes, a high-pressure pump, etc.

e Water treatment equipment ...... Equipment
made up of a pretreatment unit, an RO unit, and
an RO permeate supply unit, and options include
a raw water supply unit and a ultrafiltration unit

(4) Terms relating to operational procedures

o Cleaning ...... The act of removing foreign
substances (e.g., contaminants, organic
substances) from an object
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e Disinfection ...... The process of eliminating
infection risk by inactivation or removing all, or
most part of pathogenic microorganisms (except
for bacterial spores) from an object. The term
does not necessarily mean extermination of
microorganisms.

e Validation ...... The procedure to ensure
appropriate performance by appropriate daily
management and maintenance management

e Recovery rate ...... The proportion of RO
permeate to RO feed water, calculated by the flow
rate of RO permeate and that of RO feed water
(RO permeate + RO retentate)

e Production operation ...... The process of
producing a specific flow rate of RO permeate
with an RO unit. Synonyms: water production
operation, purification operation

(5) Terms relating to water supply system

e Water supply utility ...... A utility that provides
water via water supply system to meet the public
demands, except for utilities serving populations
of 100 or less (Water Supply Act, Article 3,
Paragraph 2)

e DPrivate water supply ...... Water supply systems
for private use, such as dormitories, company
housings, clinics, etc., and other systems
excluding bulk water supply utilities, which meet
either of the following requirements:

« Water supply systems providing residential
water for more than 100 persons

+ Water supply systems providing domestic
water of more than 20 m® per day

e Public water supply utility ...... “Water supply
utility” or “Bulk water supply utility” “Private

water supply” is not included.

Supplementary Chapter 3: water quality standard
and water supply utility

3.1.Water quality management for dialysis water using
validated equipment
Water quality management of dialysis water should
be conducted with validated water treatment
equipment.

Commentary

A dialysis facility has an aspect of an on-site dialysis
fluid manufactory and is responsible for the quality of
dialysis fluid as final products. Dialysis water plays an
important role in the preparation of dialysis fluid.
Therefore, appropriate daily management and maintenance
management of water treatment equipment are crucial, and
the management standards are required for implementing
this. Each dialysis facility should prepare dialysis water
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using validated preparation equipment and control its
quality and quantity.

3.2.Water quality standards for raw water
Raw water to be used for the preparation of dialysis
water shall meet the water quality standards based
on the Water Supply Act (Law No. 177, 1957), no
matter which sources the raw water comes from,
e.g., municipal water or groundwater.

Commentary
Raw water to be used for dialysis water should meet the
water quality standards based on the Water Supply Act.
There are three types of water supply systems within the
regulatory framework under the Water Supply Act, ie.,
“water supply utility,” “bulk water supply utility,” and
“private water supply” (Additional file 2: Figure S2) [13].

When the raw water is provided by the “water utility,”
the fulfillment of the water quality standards has already
been confirmed by the water utility, so further water
quality management by the dialysis facility is not neces-
sary. Also, when the raw water is provided by a “private
water supply,” the fulfillment of the water quality stan-
dards has already been confirmed based on the Enforce-
ment Regulations for the Water Supply Act, so further
water quality management by the dialysis facility is not
necessary. On the other hand, when raw water is pro-
vided by water supply systems not subject to the regula-
tions based on the Water Supply Act, water quality
management is mandatory by the dialysis facility.

It is desirable to use raw water provided by the water
supply utility for preparing dialysis water.

3.3. Monitoring of water quality
3.3.1.Sample points

It should be sampled for raw water, RO feed

water, RO permeate, and dialysis water.

e Raw water: Water flowing into a raw water
supply unit of the water treatment
equipment or water flowing directly into a
pretreatment unit.

e RO feed water: Water flowing into an RO unit.

e RO permeate: Water purified by an RO
membrane.

o Dialysis water: Water in the outlet point of the
water treatment equipment, which supplies to
the central dialysis fluid delivery system or
individual dialysis fluid delivery system.

3.3.2.Measurement

e Raw water: Chemical contaminants should be
measured.

e RO feed water: Conductivity should be
measured using a conductivity monitor (when
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controlled in terms of the rejection coefficient
of conductivity).

e RO permeate: Conductivity should be
measured using a conductivity monitor.

o Dialysis water: Biological contaminants and
chemical contaminants should be measured.

Commentary
Additional file 3: Figure S1 illustrates the sampling points
of RO feed water, RO permeate, and dialysis water.

For the cases of RO feed water and RO permeate,
conductivity should be measured using a conductivity
monitor, which are on-line method or off-line method
by sampling. RO permeate should be measured when
the water treatment equipment is production operation.

Dialysis water should meet both the water quality
standard for biological contaminants and chemical
contaminants.

The sampling point of dialysis water must be
confirmed with the manufacturers of the water
treatment equipment. For the frequency of monitoring,
see Additional file 1: Table S1.

Supplementary Chapter 4: management standard
for individual component units (Additional file 1:
Table S1)

4.1.Pretreatment unit

4.1.1.Cartridge filter
This device is a filter to protect the pumps and
RO membrane from malfunctioning due to
coarse particle in raw water or RO feed water. It
is also referred to as a pre- or check filter.
The life of cartridge filter is managed in terms of
the pressure loss, pressure, or flow rate. The
standard value should be laid down in terms of
the pressure or flow rate, and any cartridge filter
for which these parameters exceed the standard
value should be replaced. Replacement of
cartridge filter should be in conformity with the
manufacturer’s recommendation; usually,
replacement is carried out at roughly 3-month
intervals.

4.1.2.Softener
Softener is used to remove the hardness (mainly,
Ca®* and Mg”*) in raw water by ion exchange
using a cation exchange resin packed in a
cylinder. It is installed for the purpose of
maintaining the RO membrane performance for a
long time.
It is procedurally simple to use a hardness
indicator to check raw water for leakage of
hardness. When a few drops of the indicator is
added to water treated by softener, the sample
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assumes a blue color if it is soft water, while the
sample shows a red pink color if there is a
leakage of hardness. The hardness should be
measured in the exit of softener, and the results
should be recorded in an operation diary on the
day of dialysis therapy. Furthermore, it should
also be checked that the ion exchange resin is
functioning normally after replacement of the ion
exchange resin.

Any other simple methods except hardness
indicators may also be acceptable. However, the
methods should be consistent with hardness
indicators. Periodically replenish brine tank with
regenerating salt. Check the presence of
undissolved salt in the brine tank. Replacement of
the resin should be in conformity with the
manufacturer’s recommendation; usually, the
replacement is carried out at approximately
2-year intervals.

4.1.3.Activated carbon

This equipment is designed to remove free
chlorine, chloramine, and organic substances
contained in raw water that account for early
deterioration of the RO membrane, by means of
activated carbon packed in a cylinder. It is installed
for the purpose of maintaining the RO membrane
performance for a long time. Carbon cartridge
filter type endowed with a filtering function has
become widely popular in recent years.
4.1.3.1.Requirements
Chlorine should be measured as the total
residual chlorine (i.e., sum of free chlorine and
chloramine). The concentration of the total
residual chlorine should be less than 0.1 mg/L
in exit of an activated carbon, and the total
residual chlorine should be measured by the N,
N-diethyl-p-phenylenediamine (DPD) method.
On-line monitoring may also be used, in which
case, it should definitely be in accordance with
the manufacturer’s manual, and maintenance
(incl. calibration) is necessary. The chlorine in
dialysis water should be measured as the total
residual chlorine, and the measurement should
be conducted on the day of dialysis therapy. In
the case where raw water is also measured and
found to show total residual chlorine of
>1 mg/L, the frequency of measurement of
the dialysis water should be changed to “at
each session of dialysis therapy” The
measurement for the total residual chlorine
should be performed quickly on the spot in
order to prevent a progressive decline of the
total residual chlorine over time. The total
residual chlorine in exit of the activated
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carbon should be determined, and the results
should be recorded in an operation diary. If
total residual chlorine of > 0.1 mg/L is found,
replacement of the activated carbon should be
considered. After the replacement, it should be
ascertained that the activated carbon is
functioning normally.

4.1.3.2.Carbon adsorption bed type
The system is composed of an airtight
cylindrical container, valves for backwashing
and washing, and accessories for equipment
control (flow meter, pressure gauge). Activated
carbon is packed in a cylindrical container,
with a supporting structure or strainer
underneath to prevent carbon outflow. If
activated carbon is used over many hours, raw
water-derived solids and slime are accumulated
in the upper layer of the activated carbon, leading
to an increase of pressure loss. Therefore, cyclic
backwashing should be conducted to discharge
these substances out of activated carbon.
Replacement of the activated carbon should
be in conformity with the manufacturer’s
recommendation; usually, the replacement is
carried out at roughly 2-year intervals.

4.1.3.3.Carbon cartridge filter type
A carbon cartridge filter type is fitted into a
stainless or plastic container and the cartridge
is periodically replaced with a fresh one. This
system is characterized by its being of a small
size and readily replaceable. As it has a
concurrent role of functioning as a filter,
however, the cartridge may have to be replaced
in the case of clogging, even if the chlorine is
removed properly. Nevertheless, maintenance
should be thorough, because, conversely, of an
extremely short duration of contact.
Replacement of cartridge should be in
conformity with the manufacturer’s
recommendation; usually, the replacement is
carried out at roughly 3-month intervals.

4.2.Reverse osmosis (RO) unit

This unit almost completely rejects electrolytes,
organic compounds, ET, etc., contained in the water
supplied to the RO membrane by the principle of
reverse osmosis. By applying a high pressure greater
than the osmotic pressure of the supplied water (RO
feed water) on the primary side of the RO
membrane, highly purified RO permeate flows from
the secondary side of the RO membrane. Reverse
osmosis is a membrane separation process that
allows removal of the smallest substances; it is used
in desalination technology for seawater, etc., and is
indispensable for the water treatment equipment.
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Replacement of the RO membrane should be in
conformity with the manufacturer’s
recommendation; usually, the replacement is carried
out at roughly 3-year intervals.

The RO unit is managed in terms of the following
two parameters.

(1)RO rejection performance

The following two criteria are set down as the

management standard for the RO rejection

performance; either criterion should be fulfilled.

e Rejection coefficient of conductivity in the RO
unit ...... Not less than 93%

e Conductivity of the RO permeate ...... Not
more than 25 puS/cm (temperature
compensated to 25 °C)

(2)Flow rate of RO permeate

Flow rate of RO permeate should satisfy the flow

rate required for hemodialysis and related

therapies and the preparation.
4.3.RO permeate supply unit
4.3.1.Storage tank for RO permeate

The storage tank is installed as a reservoir for RO

permeate. It is recommended that the tank has an

airtight structure to prevent internal
contamination. Each ventilation site should be
fitted with a 0.1 to 0.45 pum, hydrophobic,
disinfectant air filter to cope with changes in the
water level.

Replacement of the air filter should be in

conformity with the manufacturer’s

recommendation; usually, the replacement is
carried out at roughly 1-year intervals.
4.3.2.Ultraviolet irradiator

Ultraviolet irradiator is available as the inline type

or the immersion type. It is a common practice

to install an immersion-type device within a stor-
age tank of RO permeate of water treatment
equipment. In the case of use of the immersion
type, irradiation with 254-nm ultraviolet rays is
carried out inside the RO permeate tank to
sterilize the RO permeate that flows into the tank.

An ultraviolet germicidal lamp generally has an

approximate lifetime of 1 year when lit continu-

ously. As the lifetime varies with individual lamps,
the lifetime recommended by the manufacturer
must be taken note of for timely replacement of
the lamp.

Commentary
As concrete numerical values are specified in the
management standard of activated carbon in 1SO23500 [4],
these specifications should be followed.

Free chlorine causes deterioration of the RO membrane,
as mentioned below, and it is possible that contamination
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of dialysis fluid with chloramine causes hemolytic
accidents. Therefore, management of the total residual
chlorine (sum of free chlorine and chloramine) is of great
importance. In case that the chloramine in raw water is
>1 mg/L, two-stage series installation of activated
carbon should be undertaken to remove the chloramine.

Since there is no concrete management standard in
respect of the RO rejection performance, the manage-
ment standard has newly been established based on the
present situation in Japan.

It has been established that the “rejection coefficient
of conductivity in the RO unit”, as a parameter of the
RO rejection performance, should not be less than 93%.
This has been cited from the sodium chloride rejection
performance of RO membrane stipulated in the “AMST-
002 Standards for reverse osmosis module and nanofil-
tration membrane module for drinking water use” in the
“Provisions for Certification of Modules for Drinking
Water Use” established down by the Association of
Membrane Separation Technology of Japan [14]. “A
rejection coefficient of conductivity is not less than
93%,” being the management standard for the RO
rejection performance, may be interpreted as representing
a “total solids (TS) or total dissolved solids (TDS)
established rate of not less than 93%.”

TS, and TDS ...... The former means substances left
after evaporation of the sample water, while the latter
means substances left after evaporation of the filtrated
sample. Hence, TS =suspended solids (SS)+ TDS. As
little or no suspended solids is present in raw water, the
relational expression would be TS = TDS in the case of
raw water. There is a correlation between the conductivity
and TDS.

The ISO26722 [15] states that “trace elements in dialysis
water” can be met the water quality standard of chemical
contaminants by using both water that can be met the
water quality standard for drinking water in Japan and a
reverse osmosis system with a rejection of > 90% based on
conductivity, resistivity, or TDS.

The rejection coefficient of conductivity in the RO
unit can be calculated using the following equation
based upon measurement of the conductivities of RO
feed water and RO permeate.

Ci1-Cy
=——°x

1

R 100

R: Rejection coefficient of conductivity in the RO unit (%)
C1: Conductivity of RO feed water (uS/cm)
C,: Conductivity of RO permeate (pS/cm)

It has been specified that the “conductivity of RO
permeate,” another management standard of the RO
rejection performance, should not be more than 25 uS/cm.
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This was specified from the concentration distribution data
of TDS of faucet water on the drinking water database of
the Japan Water Works Association and the rejection
coefficient of conductivity of 93%. The alert level of
conductivity of RO permeate shall be 50% of the
management standard (12.5 uS/cm).

The rationale for why conductivity is used as the
management standard for the RO rejection performance
is that a water treatment system is usually equipped with
a conductivity monitor, which is used for performance
management of RO membranes. The conductivity
monitor should be checked and calibrated or replaced at
1-year intervals. Though different from the water quality
standard for dialysis water, the conductivity monitor is
used for daily management of the water quality monitoring
in the production of water for injection.

The reasons why rejection coefficient of conductivity
and conductivity of RO permeate have been adopted as
the standards for the RO rejection performance, where
either parameter of the standard should be fulfilled, are
as follows:

1) When conductivity of RO feed water is low, the
rejection coefficient of conductivity usually tends to
be low, as a characteristic of the RO membrane.

2) As a recent trend of water treatment equipment,
high recovery rate for operations has become
widespread, because the usage of raw water can be
decreased by high recovery rate, so that the
conductivity of RO permeate may be raised.

The recovery rate of the RO unit should be calculated
from the following formula, based on measurement of
the flow rate of RO permeate and RO retentate.

Y:&xloo,
Q +Q

where Y is the recovery rate (%), Qp the flow rate of
the RO permeate, and Q, the flow rate of the RO
retentate.

or,

y =2 5 100,
Q¢

where Qg is the flow rate of RO feed water.

As for the flow rate of RO permeate, a flow rate of
water required for dialysis therapy and its preparation
must be secured. However, the flow rate of RO permeate
is not equal to the flow rate of dialysis water supplied to
the dialysis machine from the water treatment equipment.
Also, when a large flow rate is required temporarily, RO
permeate stored in a storage tank may be used.
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RO permeate is water-treated by the RO membrane
which is capable of rejecting even the smallest sub-
stances; however, this process cannot provide complete
rejection of bacteria or ET owing to the structure of RO
element and manufacturing methods of RO element.
Eventually, a UF membrane more suited to rejecting of
bacteria and ET may be installed to obtain dialysis water
of a higher purification level. UF membrane is installed
at the exit of the storage tank of RO permeate or at the
return port of dialysis water, to reject bacteria and ET
and prevent secondary contamination in storage tank of
RO permeate. Periodic disinfection is necessary, together
with piping for supplying RO permeate, in order to
prevent the UF membrane from becoming a source of
contamination. The UF membrane should be managed
in terms of the pressure or flow rate, viable bacterial
count, and ET level, and it is effective to sample water at
the inlet of the UF membrane to check the degree of
biological contamination.

Supplementary Chapter 5: cleaning and disinfection

Cleaning and disinfection

Cleaning and disinfection of the water treatment equip-
ment should be carried out using the method of cleaning
and disinfection recommended by the manufacturer of
the water treatment equipment.

Commentary

The water treatment equipment should be periodically
cleaned (washed) and disinfected to maintain its per-
formance and purification.

Methods of cleaning and disinfection recommended
by the manufacturers should be followed, since the
methods used for cleaning and disinfection of the water
treatment equipment (e.g., concentration, temperature,
time, frequency) affect the performance and durability of
the equipment. In case methods other than the methods
of cleaning and disinfection recommended by the water
treatment equipment manufacturers are selected, the
Dialysis Equipment Safety Management Committee
should assume responsibility.

Conclusions

The Japanese Society for Dialysis Therapy updated the
dialysis therapy standard of fluids for hemodialysis and
related therapies with the addition of the water quality
standard for chemical contaminants and management
standard for water treatment equipment in 2016.
Thereby, it is expected that purification in whole process
from dialysis water to final dialysis fluid can be achieved.

Endnotes
'The water treatment equipment may be operated
under the judgment of the Dialysis Equipment Safety
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Management Committee even immediately after the
water treatment equipment is installed, because it may
require a few days until the concentration of chemical
contaminants can be determined.

Chemical contaminants of which management standard
included in the “Management Standard of water and
device/unit” in Additional file 1: Table S1 are excluded.

Additional files

Additional file 1: Table S1. Management standard of water and
device/unit. (DOCX 21 kb)

Additional file 2: Figure S2. Distribution of water supply utilities and
private water supply. Source (with partial modifications): Japan Water
Plumbing Engineering Promotion Foundation (2013) “Guideline for Water
Supply Equipment Plumbing Engineering,” Revised Edition, p. 12 [13].
(PPTX 78 kb)

Additional file 3: Figure S1. Flowchart of water treatment

equipment—example. (Cited from Guidebook for dialysis water [12], with
partial modification) (PPTX 95 kb)
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