Quality control of dialysis
concentrates

Comprehensive analysis of anions, acetate, and cations by IC

Hemodialysis is a medical treatment applied to sustain
life when renal functions decline and the kidneys'
endogenic detoxification abilities fail [1,2]. Dialysis
fluids (hemodialysis solutions), composed of
electrolytes, buffers, and carbohydrates (glucose)
identical to the blood, are a central element of this
treatment [1,3-5]. The diffusion gradient between the
blood and the dialysis fluid allows removal of
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metabolic waste and normalization of electrolyte
content [1,2]. Dialysis fluids are prepared by adding
concentrates that contain electrolytes, carbohydrates,
and buffers to water. These require the highest
standards for manufacturing and on-site preparation,
specified by e.g., the European Pharmacopeia, 1SO
11663, ISO 23500, or ISO 13958 (for hemodialysis
concentrates) [1,2,4].
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Atomic absorption spectroscopy (AAS) is often used
for quality control purposes but is restricted to
cationic (metallic) components and a limited number
of concurrently determined analytes. lon
chromatography (IC) is an automated, fast, and
sensitive solution to accurately quantify cationic and
anionic components including acetate

SAMPLE AND SAMPLE PREPARATION

Dialysis fluids must closely mimic blood plasma
composition to remove toxic components from blood
by diffusion. These fluids are typically composed of
water, electrolytes that provide cations and anions
(e.g., sodium, potassium, calcium, chloride), buffers
(e.g., acetate or carbonate), and carbohydrates (e.qg.,
glucose) [1,3-5]. In this application example, cations,
anions, and acetate content were analyzed in two
hemodialysis concentrates (Table 1). Optimal results
were obtained with a dilution in the range of 1:500 to
1:750 using ultrapure water (UPW).

The dialysis concentrates were provided by MTN

EXPERIMENTAL

Anions and cations were analyzed with a dual
channel IC setup (Figure 1) using conductivity
detection (sequentially suppressed for anions). A

simultaneously. This comprehensive approach makes
IC an economic alternative to traditional analytical
techniques for the quality control of pharmaceutical
solutions like hemodialysis concentrates. Ease-of-use,
accuracy, and the high throughput capabilities of IC
increase productivity and comply with the demands
of modern routine and research laboratories.

Neubrandenburg GmbH a Nipro company, an

established producer of high-quality hemodialysis
products. Both were acid concentrates (A-
concentrates) for bicarbonate dialysis with different
compositions (Table 1). The production of such
concentrates is subject to strong standardized quality
criteria as e.g., ISO 13958, 1SO 11663, and ANSI/AAMI
RD 61:2000 [1]. Strict standards also apply to the
other components necessary for the preparation of
the final dialysis fluid, including water and the basic
concentrates (B-concentrates) [1,3-5].

UV/VIS detector (947 Professional UV/VIS detector
Vario) can be used as well to exclude nitrite, nitrate,
and bromide contaminations in the concentrates.

Figure 1. Flow path for a dual channel Metrohm IC system. Injection was performed using the 889 Sample Center — cool (middle). Non-

suppressed conductivity was used for cation detection, while anions were detected with suppressed conductivity as well as UV (205 nm).
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These impurities can be determined with high precision and sensitivity even in presence of elevated chloride concentrations

(Table 1). Method performance tests with nitrate- and nitrite-spiked concentrates yielded recoveries of 90-110%.

Table 1. Composition (average and range) of two tested hemodialysis acid concentrates (A-concentrates) according to the manufacturer.

A-concentrate

#293

#570

Sodium (mol/L)

3.61(3.51-3.70)

4.64 (4.52-4.75)

Potassium (mmol/L)

70.00 (66.50-73.50)

90.00 (85.50-94.50)

Magnesium (mmol/L)

17.50(16.63-18.37)

22.50(21.38-23.62)

Calcium (mmol/L)

52.50 (49.88-55.12)

56.25(53.44-59.06)

Chloride (mol/L)

3.82(3.62-4.01)

4.88 (4.64-5.13)

Acetic acid (mol/L)

0.11(0.10-0.11)

0.14(0.13-0.14)

Glucose (g/L)

35.00(33.25-36.75)

45.00 (42.75-47.75)

The complete system (Figure 1) was controlled by
Waters EmpowerTM 3 software. A refrigerated
autosampler (889 IC Sample Center — cool) was used
to extend the stability of the highly diluted samples.

Anions were separated using the Metrosep A Supp 19

- 150/4.0 column (standard eluent and flow rate,
Figure 2 A, C). This high-capacity IC column exhibits
excellent separation capabilities, even for highly
loaded matrices.

The unique properties of the Metrosep A Supp 19
column allow adequate separation and quantification
of acetate even in presence of high concentrations of
chloride. In addition to acetate (0.4-20 mg/L) and
chloride (6-300 mg/L), the system calibration
included fluoride (0.02—-1 mg/L), nitrite, and bromide
(0.04-2 mg/L), as well as nitrate, phosphate, and
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sulfate (0.2-10 mg/L).

Cations were separated using a Metrosep C 6 -
150/4.0 column (standard eluent, flow rate: 1.3
mL/min, Figure 2 B). Cation calibration was performed
for sodium (4-200 mg/L), ammonium (0.02—1 mg/L),
and potassium, calcium, and magnesium (0.2-10
mg/L). The special column chemistry of the Metrosep
C 6 guarantees optimal peak resolutions and enables
quantification of low concentrations of analytes (e.g.,
ammonium) that elute close to more highly
concentrated components (e.g., sodium).

Anions and cations were analyzed simultaneously
from the same sample in less than 25 minutes (Figure
2). The robustness of both separation columns
permits high flow rates, speeding up the overall run
time.
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RESULTS

A summary of the results, including the recoveries
calculated compared to the manufacturer values, is
shown in Table 2. Relative standard deviations (RSDs)
of less than 1% for anions and cations for repeated
sample measurements reveal adequate repeatability
of the method. The recoveries calculated according to
the manufacturer data fell between 91-106% for all
analytes (Tables 1 and 2).

The major components of the tested A-concentrates
are sodium and chloride, corresponding to the main
fractions in blood plasma, with 136-145 mEq/L and

98-106 mEq/L, respectively [2]. However, this also
shows that these concentrates are highly saline
solutions — analytically challenging and often
requiring matrix elimination steps for accurate analyte
determination. When present in high concentrations,
both sodium and chloride can overlap nearby peaks
(e.g., acetate, nitrite, or ammonium) making their
quantification impossible or overloading the column,
resulting in peak broadening and substantial
retention time shifts.
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Figure 2 C. Chromatograms showing conductivity (A, B) and UV (C) signals for IC analysis of anions (including acetate) and cations in the
hemodialysis concentrate sample #293. All samples were diluted by a factor of 750 with UPW. Injection volume was 20 ul.
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For the A-concentrates, the accurate determination of all components (acetate, chloride, sodium, potassium, calcium, and
magnesium, Table 1) is indispensable and requires appropriate peak separation combined with sharp and symmetric peaks. The use of the
Metrosep A Supp 19 and Metrosep C 6 columns prevents the aforementioned problems — the high column capacities prevent matrix overload

and guarantee excellent peak separation.

Table 2. Data for the major components in the hemodialysis A-concentrate samples #293 and #570 from MTN Neubrandenburg GmbH a
Nipro company. The data show average values and RSDs for two separately prepared and analyzed samples (dilution 1:500) as well as the

recoveries based on the manufacturer data.

#293 Conc,,£SD (RSD Recovery #570 Conc,,=SD (RSD Recovery

(%)) (%) (%)) (%)
Sodium (mol/L) 3.70+0.04 (1.0) 103 4.90+0.03 (0.6) 106
Potassium (mmol/L)  66.21+0.52 (0.8) 95 86.75+0.42 (0.5) 96
Magnesium

15.95+0.11(0.7) 91 21.47+0.08 (0.4) 96
(mmol/L)
Calcium (mmol/L) 50.36+0.56 (1.1) 96 55.18+0.19 (0.3) 98
Chloride (mol/L) 3.84+0.01(0.2) 103 497+0.01(0.1) 104
Acetic acid (mol/L) 0.11+<0.01 (<0.1) 102 0.14+<0.01(0.2) 102

Acetate (= 8 g/L) can be determined directly beside
high chloride concentrations (= 180 g/L) on the
Metrosep A Supp 19 column. No additional steps are
required, such as matrix elimination or using different
dilution factors. Cations can be determined in parallel
from the same sample (Figure 1, cation channel) as

CONCLUSION

Dialysis concentrates used for hemodialysis
treatments are highly saline solutions, requiring
matrix-tolerant, accurate, and sensitive quality control
analytics. By using a dual channel IC system, anions
and cations can be determined accurately and
simultaneously from the same sample. In less than 25
minutes, major concentrate components of acetate,
chloride, sodium, potassium, calcium, and
magnesium, along with impurities (e.g., nitrite,
nitrate, or ammonium) can be quantified. Although
analyzing high salinity matrices is often challenging,
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the Metrosep C 6 column is also ideal for high matrix
samples.

To analyze the potential impurities nitrite, bromide,
and nitrate, higher sensitivity can be achieved using a
UV/VIS detector at a wavelength of 205 nm.

the high capacity separation columns Metrosep A
Supp 19 and Metrosep C 6 reduce the common risks

for column overload and inaccurate peak
identification and quantification. Simultaneous
analysis of anionic and cationic components and
impurities enables a comprehensive examination of
all analytes from a single sample, presenting IC as an
accurate, sensitive, efficient, high-throughput
analytical technique for the quality control of
pharmaceutical solutions such as hemodialysis
concentrates.
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Metrohm IC systems can be fully controlled (including
the intelligent and automated features) by different

software: MaglC Net (Metrohm), Empower™ 3
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CONFIGURATION
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Metrosep A Supp 19 - 150/4,0

Propriétés de séparation exceptionnelles et capacité
élevée : voici ce qui distingue clairement la famille de
produits Metrosep A Supp 19 de la gamme de
colonnes. Elle se caractérise par les meilleures
symétries de pic et sélectivités ainsi que par une
stabilité thermique, mécanique et chimique élevée,
ce qui la rend extremement robuste et stable a des
débits et des pressions plus élevés.

Le modele 150 mm est considéré comme la colonne
standard pour la chromatographie anionique, car il
résout de maniere fiable la majorité des applications
et est tres polyvalent. Grace a sa capacité élevée, la
colonne de séparation Metrosep A Supp 19 - 150/4.0
convient particulierement aux applications
complexes avec des matrices exigeantes. Le domaine
d'application de Metrosep A Supp 19 - 150/4.0 est
tres diversifié grace aux excellentes propriétés de
séparation et comprend par exemple les applications
suivantes :

- Détermination des anions standard (fluorure,
chlorure, nitrite, bromure, nitrate, phosphate et
sulfate) dans divers échantillons d'eau

- Détermination des anions standard et des acides

organiques dans des matrices d'échantillons
complexes tels que échantillons
environnementaux et alimentaires
Détermination des anions standard et des acides

organiques dans l'eau d'alimentation de
chaudieres pour garantir le fonctionnement en
toute sécurité des centrales électriques

- Détermination des anions standard dans les

échantillons pharmaceutiques.
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Metrosep A Supp 19 Guard/4,0

Metrosep A Supp 19 Guard/4.0 fournit une
protection fiable des colonnes de séparation
anioniques de la famille de produits Metrosep A Supp
19 contre la contamination de I'échantillon ou de
['éluant et prolonge ainsi considérablement leur
durée de vie. Les précolonnes et les colonnes de
séparation de la famille de produits Metrosep A Supp
19 sont fabriquées en PEEK et remplies du meme
matériau. Cela garantit que les performances de
séparation chromatographique ne sont en aucun cas
compromises.

Le systeme « On Column Guard » permet de visser
directement et confortablement la précolonne sur la
colonne de séparation anionique. Le prix avantageux
et la facilité de manipulation font de Metrosep A
Supp 19 Guard/4.0 la protection idéale de la colonne
de séparation.

Metrosep C6- 150/4.0

Le matériau haute capacité de la C 6 fait de la
colonne de séparation Metrosep C 6 - 150/4,0 la
solution optimale pour la séparation des cations
standard a des concentrations tres différentes avec
des temps de rétention raisonnables. Les eaux
potables présentant de faibles teneurs en ammonium
peuvent etre déterminées a |'aide de cette colonne.

Metrosep C 6 Guard/4,0

La Metrosep C 6 Guard/4,0 est basée sur le matériau
de la colonne C 6 et protége des particules et des
contaminations. Elle permet d'augmenter
sensiblement la durée de vie des colonnes de
séparation analytiques. La Metrosep C 6 Guard/4,0
fonctionne d'apres le systeme « On Column Guard
System » et se monte directement sur la colonne de
séparation correspondante en n'ajoutant
pratiqguement aucun volume mort.
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889 1C Sample Contor
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940 Professional IC Vario TWO/SeS/PP
Le 940 Professional IC Vario TWO/SeS/PP est
l'appareil Cl intelligent a deux canaux avec
suppression séquentielle (un canal) et une pompe
péristaltique pour la régénération du suppresseur.
L'appareil peut etre utilisé avec n'importe quelles
méthodes de séparation et de détection.
Domaines d'application typiques :

- Appareil standard pour les déterminations

paralleles d'anions et de cations
- Analyse de traces pour les anions et les cations
- Surveillance en ligne pour les anions et les

cations

889 IC Sample Center — cool

Le 889 IC Sample Center — cool est la solution
d'automatisation appropriée, si vous avez trés peu
d'échantillon.Au-dela du 889 IC Sample Center, il
dispose en plus d'une fonction de réfrigération, ce qui
en fait le passeur d'échantillons idéal pour les
échantillons utiles en biochimie ou instables
thermiquement.

947 Professional UV/VIS Detector Vario MW

Le 947 Professional UV/VIS Detector Vario MW, un
détecteur intelligent de longueurs d'onde multiples,
permet une quantification sure et fiable des
substances actives dans le domaine ultraviolet ou
visible. Huit longueurs d'onde peuvent etre
sélectionnées au maximum. La détection s'effectue a
I'aide d'un réseau de diodes.
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