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Abstract

Dialysis water quality is critical to patient safety, particularly in relating to bacterial endotoxins, which can pose major
health hazards. Environmental variables, such as seasonal 	occulation, may in	uence endotoxin levels in treated water.
Purpose of this study was to evaluate the seasonal 	uctuation in endotoxin concentrations in dialysis water across a
number of hospital-based dialysis centers. Over a 12-month period, water samples were collected monthly from various
places and tested for endotoxin levels using the Limulus Amebocyte Lysate (LAL) assay. The �ndings demonstrated
considerable seasonal changes, with almost 55.5% of the samples surpassing the international threshold of 0.03 EU/mL.
Peaks were seen during the warmer months (July-August 2025 and February-March 2025), whereas lower levels were
more typical in the winter (November-December 2024). These �ndings highlight the requirement for seasonally adjusted
monitoring and control strategies to maintain water quality and ensure patient safety in dialysis settings.
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1. Introduction

Patients receiving hemodialysis are at serious risk
for health problems due to bacterial endotoxins in the
water they drink (Ward, 2022). Particularly in people
with compromised renal function, these endotoxins,
which are mainly lipopolysaccharides (LPS) derived
from the outer membrane of Gram-negative bacteria,
can cause severe in	ammatory reactions (Catapano
et al., 2025). Exposure to contaminated dialysis water
can cause fever, hypotension, chronic in	ammation,
and, in severe cases, septic shock (Raimundo et al.,
2023). The microbiological purity of dialysis water
must therefore be preserved in order to ensure pa-
tient safety and the overall effectiveness of treatment
(Hilinski et al., 2020). This necessitates rigorous mon-
itoring protocols and the development of advanced
detection technologies (Schneier et al., 2020).

In Iraq, dialysis treatment centers encounter en-
vironmental issues that increase the potential of
endotoxin contamination in dialysis water (Humu-
dat & Al-Naseri, 2020). Limited research has explored

how seasonal environmental variables affect endo-
toxin levels in these systems. The study follows the
ANSI/AAMI/ISO 23500:2024 standard, which sets a
limit of less than 0.03 EU/mL for endotoxins in ultra-
pure dialysis water (ANSI/AAMI/ISO, 2019).

The objective of the study was investigates to
examine and evaluate the in	uence of seasonal en-
vironmental factors on bacterial endotoxin levels in
dialysis water systems in Iraq. By addressing this gap
in knowledge by developing evidence-based prac-
tices for monitoring the environment and managing
water quality in hemodialysis centers.

2. Materials and methods

2.1. Work strategy and sampling

This study examined hemodialysis water samples
collected from several areas in Iraq between Septem-
ber 2024 and August 2025 from 18 dialysis centers
at hospitals. A total of 72 samples were collected by
randomly selecting 6 dialysis sites every month to
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Fig. 1. Monthly distribution of endotoxin concentrations in dialysis 	uids (September 2024 – August 2025).

provide wide geographic coverage. Samples were col-
lected in sterile, endotoxin-free 100 mL vials made in
a controlled laboratory setting and shipped the same
day for immediate analysis.

2.2. Ethical considerations

Ethical approval was not required for this study
as it involved only water samples from dialysis
units and did not include any human participants or
animals.

2.3. Endotoxin testing

Endotoxin concentrations in dialysis water were
determined using the gel-clot Limulus Amebocyte
Lysate (LAL) assay, which has a sensitivity of 0.015
EU/mL and was performed according to the manu-
facturer’s instruction (Wako-pyrostar, 2012). Brie	y,
0.1 mL of reconstituted endotoxin reagent was added
to each reaction tube, followed by 0.1 mL of the
test sample. The tubes were incubated in a water
bath at 37 ± 1°C for 60 ± 2 minutes without agi-
tation. After incubation, each tube was gently tilted
180°; the formation of a �rm, non-deforming gel was
considered a positive result, while the absence of a
stable clot indicated a negative result. All samples
were tested in duplicate and at two serial dilutions
to ensure reproducibility. Endotoxin levels were ex-
pressed in endotoxin units per milliliter (EU/mL).
Descriptive temporal analysis, including monthly
means and standard deviations, was conducted to
identify trends and seasonal variations in endotoxin
concentrations.

2.4. Statistical analysis

Data were entered and analyzed using Microsoft
Excel 2010.

3. Results

Fig. 1 demonstrates seasonal 	occulation in endo-
toxin concentrations in dialysis water samples col-
lected over a 12-month period from several hospital
dialysis centers. The data illustrate notable tempo-
ral variations in water quality, with about 55.5% of
the samples exceeding international standard of 0.03
EU/mL for ultrapure dialysis water.

Endotoxin concentrations ranged from <0.015 to
0.12 EU/mL, with notable increases appearing during
summer months (July–August 2025) and once again
in 2025 (February–March). In contrast, a higher pro-
portion of low-endotoxin samples (<0.015 EU/mL)
was recorded during winter months (November–
December 2024), indicating improved bacterial con-
trol during the cold season.

4. Discussion

The results shows in Fig. 1 reveal notable seasonal
	uctuations in endotoxin concentrations within
dialysis water samples collected during a 12-month
period from multiple hospital-based dialysis centers
monitoring. These variations underscore the dynamic
kind of water quality and the potential impact
of environmental factors on the bacterial load in
dialysis water treatment. A concerning description
is that speci�cally 55.5% of the water samples had
endotoxin levels above 0.03 EU/ml, which is the
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guideline concentration for ultrapure dialysate. This
�nding is concerning because elevated endotoxin
levels in dialysate can lead to patient complications.

Dialysis water should be considered a medicinal
product due to its direct interaction with the pa-
tient’s bloodstream during treatment (Canaud et al.,
2025). Ensuring its high quality is, as a result, crit-
ical for patient prophylaxis. Permanent disinfection
of the entire water distribution and dialysis 	uid
pathway is essential to prevent bacterial growth and
endotoxin formation. Incorporating routine endo-
toxin testing into standard quality control protocols is
strongly recommended to maintain safe and effective
hemodialysis practices.

Endotoxin levels peaked notably during the sum-
mer months (July–August 2025), as well as in early
2025 (February–March), suggesting that ambient tem-
perature warmer temperatures also resulted in an
increase of bio�lm, and possibly 	uctuating munic-
ipal water conditions may contribute to increased
bacterial proliferation and bio�lm formation in wa-
ter treatment systems (Smeets et al., 2003). Higher
temperatures are usual to contribute to supporting
microbial activity, and our �ndings align with previ-
ous studies that have declared seasonal variation in
preserving microbiological quality in dialysis water,
especially during hotter periods of the year (Grilo
et al., 2021; Erdei-Tombor et al., 2024).

On the other hand, during the winter season
(November–December 2024), a higher proportion
of samples showed lower endotoxin levels (<0.015
EU/mL), which means more effective bacterial sup-
pression, potentially due to lower surrounding tem-
peratures and slower bacterial metabolism. This is
presumably due to lower water temperatures en-
hancing bacterial suppression in water systems by
slowing down metabolism, reducing growth rates,
and minimizing bio�lm formation, extending bacte-
ria’s survival and protecting them from disinfectants
(Nocker et al., 2021).

These seasonal patterns highlight the importance
of adapting maintenance schedules and disinfection
protocols to environmental conditions. Hospital wa-
ter treatment teams may gain from enhanced preven-
tive measures during warmer months and adopting
real-time control tools to rapidly detect high en-
dotoxin levels. Additionally, these data recommend
a proactive, rather than reactive, approach to wa-
ter safety management in dialysis settings—one that
considers seasonal variability as a critical factor in
patient risk attenuation. Furthermore, staff training
in water handling, proper sample collection tech-
niques, and timely system maintenance are essential
components of a comprehensive infection prevention
strategy.

5. Conclusion

This research emphasized signi�cant about endo-
toxin contamination in dialysis water in Iraq, with
seasonal variations in	uencing these levels, particu-
larly during warmer months. The study appears that
over half the water samples exceeded international
standards, suggesting a potential microbiological risk
to dialysis patients, especially during the summer and
early spring when endotoxin levels were higher. The
study suggests a link between temperature and bacte-
rial activity, implying a role for environmental factors
in endotoxin management.

Acknowledgments

Author gratefully acknowledge the support of the
Iraqi Ministry of Health for their assistance in audit-
ing dialysis water quality and contributing to efforts
aimed at enhancing the safety and quality of dialysis
services across healthcare institutions.

Funding

This research did not receive any speci�c grant from
funding agencies in the public, commercial, or not-
for-pro�t sectors.

Con	ict of interest

Author declare no con	icts of interest related to the
content �ndings of this study.

References

Ward, R.A. (2022) Basic prerequisites for on-line, high-volume
hemodia�ltration. Seminar in dialysis, 35, 385–389.

Catapano, G., Morrone, G., Hu, L., Fragomeni, G., & Buscaroli, A.
(2025) Endotoxin-retentive �lters for the online preparation of
ultrapure dialysis 	uid and non-pyrogenic substitution 	uid: A
critical review and reference guide. Membranes, 15(2), 51.

Raimundo, R., Preciado, L., Belchior, R., & Almeida, C.M. (2023)
Water quality and adverse health effects on the hemodialysis
patients: an overview . Therapeutic Apheresis and Dialysis, 27(6),
1053–1063.

Hilinski, E.G., Almodovar, A.A.B., Silva, F.P.D.L.E., Pinto, T.D.J.A.,
& Bugno, A. (2020) Is dialysis water a safe component for
hemodialysis treatment in São Paulo State, Brazil?. Brazilian
Journal of Pharmaceutical Sciences, 56, e17835.

Schneier, M., Razdan, S., Miller, A.M., Briceno, M.E., & Barua, S.
(2020) Current technologies to endotoxin detection and removal
for biopharmaceutical puri�cation. Biotechnology Bioengineering,
117, 2588–2609.

Humudat, Y.R. & Al-Naseri, S.K. (2020) Evaluation of dialysis wa-
ter quality at hospitals in Baghdad, Iraq . Journal of Health and
Pollution , 10(28), 201211.

ANSI/AAMI/ISO, 23500. (2019) American national standard in-
stitute: Preparation and quality management of 	uids for
haemodialysis and related therapies. Arlington, Virginia: Asso-
ciation for the Advancement of Medical Instrumentation, 1–33.

Wako-pyrostar. (2012) <85> Bacterial endotoxins test, U.S: The
United States pharmacopeial convention, Rockville, MD, 36:90.



AL-NISOUR JOURNAL FOR MEDICAL SCIENCE 2026;8:100–103 103

Canaud, B., Lucena, R., & Ward, R. (2025) Water and dialysis 	uid
purity for contemporary hemodialysis. In seminars in dialysis,
38(1), 12–24.

Smeets, E.D., Kooman, J., Van Der Sande, F., Stobberingh, E., Fred-
erik, P., Claessens, P., . . . & Leunissen, K. (2003) Prevention of
bio�lm formation in dialysis water treatment systems. Kidney
International, 63(4), 1574–1576.

Grilo, M.L., Pereira, A., Sousa-Santos, C., Robalo, J.I., & Oliveira, M.
(2021) Climatic alterations in	uence bacterial growth, bio�lm

production and antimicrobial resistance pro�les in aeromonas
spp. . Antibiotics, 10(8), 1008.

Erdei-Tombor, P., Kiskó, G., Taczman-Brückner, A. (2024) Bio�lm
formation in water distribution systems. Processes, 12(2), 280.

Nocker, A., Lindfeld, E., Wingender, J., Schulte, S., Dumm, M.,
& Bendinger, B. (2021) Thermal and chemical disinfection
of water and bio�lms: only a temporary effect in regard to
the autochthonous bacteria. Journal of Water and Health, 19(5),
808–822.


	Endotoxin Burden in Dialysis Water: Seasonal Trends and Public Health Implications From a Year-Long Study in Iraq
	Endotoxin Burden in Dialysis Water: Seasonal Trends and Public Health Implications From a Year-Long Study in Iraq
	1 Introduction
	2 Materials and methods
	2.1 Work strategy and sampling
	2.2 Ethical considerations
	2.3 Endotoxin testing
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion

	Acknowledgments
	Funding
	Conflict of interest
	References

