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Abstract

Disturbances of mineral metabolism are one of the many complications observed in pa-
tients with renal failure. Fluids used in dialysotherapy may introduce elements to a pa-
tient’s body. On the other hand, some trace elements may be removed. Dialysis fluids con-
tain chlorides of calcium (Ca), magnesium (Mg), sodium (Na), and potassium (K), but they
may also be contaminated by toxic metals. In the first part of our work the amounts of Mg,
Ca, zinc (Zn), and iron (Fe) were determined in samples of hemodialysis fluids just before
and after a dialyzer. The concentration of copper (Cu), aluminium (Al), lead (Pb), cadmium
(Cd), and chromium (Cr) were measured by the atomic absorption spectrometry method
(AAS) in a graphite furnace (GFAAS) in the same dialysates. The average concentration
of Cu in dialysis fluids before and after dialyzer was 13.51 and 10.51 pg L1 respectively,
Al — 8.72 and 7.88 pg L1, Pb — 24.03 and 22.81 ng L1, Cd — 1.09 and 1.07 pg L1, Cr— 5.91
and 6.28 pg L', Except for Cr (p < 0.05), the comparison of concentrations of all the me-
asured elements before and after haemodialysis did not show any significant differences.
Positive significant correlations between the element concentration before and after a dia-
lyzer were found for Al (r = 0.33030 and Cd (r = 0.7496). In the samples of dialysis fluids
of patients who had been dialyzed for less than one year, a negative balance of elements
was found, except Pb. The balance was positive in patients who had been dialyzed for more
than ayear. Our findings also show statistically significant negative correlation between
duration of dialysis treatments and Al concentration. Statistically, the examined dialysis flu-
ids seem to be safe for dialyzed patients. However, individual data show that it is impor-
tant to control elemental levels in dialyzates used for many years to prevent some compli-
cations in these patients.
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ANALIZA POROWNAWCZA STEZEN PIERWIASTKOW SLADOWYCH W PLYNACH
DIALIZACYJNYCH PRZED I ZA DIALIZATOREM

Abstrakt

Zaburzenia w gospodarce mineralnej to jedno z wielu powiklan obserwowanych u pa-
c¢jentow ze schytkowg niewydolnoScig nerek. Plyny stosowane w dializoterapii moga do or-
ganizmu dostarczac¢ pierwiastki, ale moga je takze z niego usuwac. W sktadzie ptynéw dia-
lizacyjnych znajdujg sie chlorki Ca, Mg Na i K. Mogg one takze zawieraé¢ inne metale bedace
ich zanieczyszczeniami. W pierwszym etapie pracy oznaczono stezenie Ca, Mg, Zn i Fe
w 38 probkach ptynow dializacyjnych przed i za dializatorem. Stezenie tych pierwiastkow
nie zmienito si¢ w sposob istotny statystycznie, ale stezenie Zn bylo o ok. 7% wyzsze w pty-
nie po zabiegu, a w kilku z nich stwierdzono podwyzszone stezenie Fe. Celem pracy bylo
oznaczenie w tych samych dializatach stezen pierwiastkow §ladowych istotnie wptywaja-
cych na funkcje organizmu. Poréwnawcze oznaczenia stezenia miedzi (Cu), glinu (Al), oto-
wiu (Pb), kadmu (Cd) i chromu (Cr) wykonano metodg spektrometrii absorpcji atomowej
z atomizacjg w piecu grafitowym (GFAAS). Zastosowane procedury analityczne zapewniajg
dobrg czuto$¢ i precyzje metody. Srednie stezenie Cu w plynach przed i za dializatorem
wynosito 13,51 i 10,51 ng L1, Al - 8,27 i 7,88 ng L1, Pb — 24,03 i 22,81 ng L1, Cd — 1,09
11,07 pg L'L, Cr — 5,91 i 6,28 ng L'l. Z wyjatkiem Cr (p<0,05), stezenie pierwiastkéw w ply-
nach przed i za dializatorem nie réznilo w sposéb statystycznie istotny. Dodatnie istotne
korelacje miedzy zawartoScig pierwiastkow przed i za dializatorem wyznaczono dla Al
(r = 0,3303) i Cd (r = 0,7496). W probkach pltynéw dializacyjnych pacjentéw dializowanych
w czasie krotszym niz rok stwierdzono, z wyjatkiem Pb, ujemny bilans pierwiastkow, a po-
wyzej roku — dodatni. Stwierdzono ujemng istotng korelacje miedzy czasem trwania diali-
zoterapii a stezeniem Al.

Badane plyny dializacyjne, uwzgledniajac ocene statystyczna, nie zwiekszaja ekspozycji
pacjentow dializowanych na oznaczane metale cigzkie. Z analizy danych indywidualnych
wynika jednak, ze plyny te, ze wzgledu na systematyczne stosowanie w ciggu wielu lat,
moga wywiera¢ wplyw na status mineralny pacjenta, i dlatego tez pod tym katem powinny
by¢ kontrolowane.

Stowa kluczowe: plyny dializacyjne, pierwiastki sladowe, spektrometria absorpcji atomo-
wej (GFAAS).

INTRODUCTION

Mineral disturbances which accompany the chronic renal failure (CRF)
may be affected by several factors i.e. impaired intestinal absorption and
distribution, reduced renal function and urine excretion, hormonal disor-
ders, restricted and unbalanced diet, medication and dialysis treatment. Di-
alysis osteomalacia, anaemia, cardiovascular diseases, and mental disorders
are frequent and serious complications of renal dysfunction, which are ob-
served in dialyzed patients. It has been shown that many elements, includ-
ing Ca, Mg, Fe, Zn, Cu, Se, Al, Si, Cr and Sr, take part in the pathogenesis
of kidney failure complications. Abnormalities of the elemental status have
been reported in serum, blood, erythrocytes and tissues (e.g. osseous tissue,
hair and brain) of dialyzed patients. Some elements (Al, Cr, Fe, Si, and Sr)
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excessively accumulate in the body, while others (Ca, Se, and Zn) may de-
monstrate their deficiency (SGANGAR et al. 2003). Medical treatment for renal
insufficiency includes pharmacological treatment, special diet, and dialyso-
therapy. Dialysis fluids may introduce contribute bioelements and toxic met-
als to a patient’s body. On the other hand, some trace elements may be
removed. So far, most of the reports have dealt with the Al and Cr concen-
tration in fluids used in haemodialysis and peritoneal dialysis. Aluminium
may be responsible for intoxication of dialyzed patients caused by high con-
tent of this element present in water used for preparation of dialysis fluids.
Between 517-1275 ng Al L'l was determined post mortem in serum of 4 pa-
tients treated with aluminium contaminated dialyisis fluids. Additionally, sig-
nificant amounts of this element were discovered in the liver, bone, and
brain of these patients (WoLF et al. 2002). Some authors (S¢ANCAR et al. 2003,
Miura et al. 2002, SCANCAR et al. 1999, MiLacic, BENEDIK 1999) determined
other elements, such as Ca, Mg, Zn, Cu, Fe, Ni, Co, Pb, Cd, Mn, Si, Se,
and Rb both in dialysis fluids and in concentrates. It has been shown that
dialysis fluids influence the mineral balance in a patient’s organism.

Because of a difficult and complicated dialysis fluids matrix (e.g. carbod-
ydrates, large amounts of chloride ions) and trace amounts of most ele-
ments present in dialysates (except Ca, Mg, K, and Na), the authors used
various techniques of the preliminary chemical treatment of the specimens,
for example preconcentration, coprecipitation, addition of high amounts
of acids. Instrumental analyses were carried out by neutron activation anal-
ysis (NAA) and particle-induced X-ray emission (PIXE), but generally by
atomic absorption spectrometry (flame atomic absorption spectrometry FAAS
and graphite furnace atomic absorption spectrometry GFAAS) (SCANCAR et al.
1999, MIura et al. 2002, SEANCAR et al. 1999, MiLACIC, BENEDIK 1999, BERKKAN,
Ertas 2004, SaracocLu et al. 2003, ELc1 et al. 1997).

In the study (Drucaszek, KarBowiak 2007) the Ca, Mg, Zn, and Fe con-
centrations were determined in haemodialysis fluids before and after a dia-
lyzer. There were statistically non-significant differences between the con-
centrations of the examined elements, although the amount of Zn was 7%
higher in dialysis fluid after the operation.

As for a possible contamination of dialysis fluids contamination by toxic
metals, it seems rational to investigate both transport of elements to a pa-
tient’s body and their removal from the tissues. Moreover, little is known
about these mechanisms at present.

Our present study has been undertaken in order to investigate the Cu,
Al, Pb, Cd, and Cr content in fluids used in dialysotheraphy and to compare
the metal concentrations before and after a dialyzer.
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MATERIALS AND METHODS

The material included fluids used during 38 haemodialyses in patients
with chronic renal failure: 22 men (aging 39-87 years) and 16 women (aging
43-80 years). The samples were taken before and after a dialyzer. The speci-
mens of dialysate fluid were obtained from the Department of Internal Medi-
cine of the Military Clinical Hospital in Bydgoszcz.

Capillary dialyzers equipped with cuprophan or polysulfone membranes
were used in the dialysis treatment. The dialysate flow was 500 mL minl,
and blood flow rate was 250-300 mL min'l. The dialyzer surface was 1.1,
1.3 or 1.5 m?2 depending on the medicalrecommendations. The conventional
dialysate fluid contained approximately 1.25 mmol Ca L and 0,5 mmol
Mg L1 (values declared by producer). The collected samples of dialysate flu-
id were initially mineralized with suprapure 65% HNO; acid. Afterwards,
they were diluted with acid (1 + 1) and the mixtures in closed vessels
were allowed to stand for 24 h. Next, the samples were diluted with deion-
ized water, so that the final concentration of HNO as a matrix modifier
was 16%.

During the collection of dialysis fluids samples, storage (-20°C), mineral-
ization, and performing instrumental analysis, a possible risk of contaminat-
ing the samples contamination was controlled. All the glassware, vessels,
plastic tubes and pipette tips were treated with 6 mol L1 HCI and 6 mol L1
HNOg. For the analyses, suprapure reagents and deionized water (18 M Q em)
were used.

In solutions of dialysis fluids prepared as described above (in two dupli-
cate series), concentrations of copper, lead, cadmium, aluminium, and chro-
mium were determined by the atomic absorption spectrometry method us-
ing a spectrometer AVANTA X (GBC) equipped with a graphite furnace
GF3000, autosampler PAL 3000 and Ultra-Pulse deuterium corrector. The
concentrations of Cu, Pb, Cd, Al, and Cr were measured by the graphite
furnace atomic absorption spectrometry technique (GFAAS). The analyses
were done in pyrolitic graphite tubes in argon atmosphere as a purging gas.
The volume of a sample injected to the graphite furnace was 20 uL. The
peak area mode was used for the calculation of the tested element concen-
tration. Instrumental parameters and analytical characteristics of the proce-
dures are shown in Table 1. In order to test the accuracy of the determina-
tion of the concentrations of the elements, two calibration methods were
applied: calibration curve and standard addition method, as well as two ref-
erence materials: SRM 1577b and NCS 81002 (Drucaszek, Szopra 2007).

The results are expressed as means and medians. The data were ana-
lyzed using normality Shapiro-Wilks test and Fisher test verifying homoge-
neity of variances. The differences between independent groups were as-
sessed by t-Student, Cochran-Cox and Kolmogorow-Smirnov (for non-normally
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Table 1

Instrumental parameters and analytical characterization of used methods

Pyrolisis/ Calibration | Limit of o .
atomization | Wavelenght 1 .3 | Sensivity* | Precision
Element temperature (nm) range detection (pg) )
P u (ng mLY) (ng mLY) pg ¢
)
Cu 800/2300 324.7 2.5-10.0 0.4 2.6 8.2
Pp! 900/2000 283.3 1.5-15.0 0.81 5.8 6.8
Cd? 600/1800 228.8 0.15-1.50 0.06 0.36 6.7
Al 1400/2400 309.3 3-20 0.40 8.6 9.1
Cr 1000/2500 357.9 0.5-5.0 0.51 1.44 3.2
Modifiers used:
INHH,PO,
2NH,NO,4

3limit of detection (LOD) defined as 3SD (n = 10)
4 characteristic mass defined as amount of element giving an absorbance of 0.0044

distributed parameters) tests. Correlation analysis between variables was per-
formed using Pearsons test. The level of statistical significance was at
p<0.05. For statistical analysis a Statistica software package was used.

RESULTS AND DISCUSSION

The results are shown in Tables 2, 3 and 4, where the differences be-
tween concentrations of the elements before and after a dialyzer in separate
samples of dialysis fluids and the mean concentration of these metals are
presented. Moreover, the effect of the dialysis treatment time (below and
above 1 year) on amounts of elements in the dialysate leaving a dialyzerwas
assessed. Both these results and Pearson’s correlation coefficient (rxy) be-
tween the time of dialysotheraphy and the concentration of elements in
dialysate after a dialyzer are shown in Table 4.

In the examined dialysis fluids, the mean Cu concentration is compara-
ble before and after a dialyzer. However, in three samples its concentration
before a dialyzer was much higher than in the others. In the same samples
the Cu concentration after a dialyzer was lower and similar to that in the
other samples of dialysis fluids. Moreover, in these samples the Fe concen-
tration (before a dialyzer) was also much higher, about 10-fold higher (216.1,
299.2, and 548.6 png L'1), and, like the Cu levels, the Fe concentration after
a dialyzer was at the same level as in the other samples. This means that
the dialysis fluids may have been contaminated with these metals and the
contaminants may have been retained in a patient’s organism. The correla-
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Table 2
Differences in concentration of elements (ug L1), after and before a dialyzer
No Cu Al Pb Cd Cu
1 -7.63 -2.98 -215 +0.04 + 2.85
2 -7.24 +2.48 +2.8 +0.59 +0.29
3 + 0.57 -5.55 -0.9 + 0.07 + 2.27
4 -2.61 + 6.58 -2.1 + 0.05 + 3.56
5 +4.85 -1.32 -0.9 +0.03 +0.35
6 +4.49 + 3.05 + 1.0 -0.07 + 2.28
7 + 0.64 + 2.96 -04 -0.03 +2.48
8 +2.25 +1.92 -3.8 +0.12 -1.40
9 + 2.06 +1.14 -26 -0.08 +0.74
10 + 5.22 + 2.36 + 0.2 -0.06 + 2.02
11 -1.74 -0.38 -4.3 -0.19 -0.37
12 +4.63 -3.26 +34 +0.09 +0.97
13 -4.76 -6.32 + 2.0 + 0.02 + 1.40
14 -3.13 -7.27 -3.5 +0.10 +0.81
15 +10.29 +6.46 +2.0 +0.07 +0.93
16 + 6.45 +0.35 + 2.1 -0.04 +0.20
17 -3.15 +0.36 -16 -0.06 -10.54
18 +0.76 +4.45 +34 +0.15 +0.34
19 -1345 +2.79 -64 -0.04 -0.92
20 +17.7 -4.99 + 6.7 -0.02 + 3.08
21 -1.07 -4.44 -104 +0.03 +0.13
22 + 6.82 -2.68 -64 -0.04 +2.78
23 +4.48 +2.54 -1.3 -0.13 +0.93
24 + 4.8 -11.33 + 1.1 -0.03 + 0.62
25 +6.78 -5.39 -54 -0.07 + 0.02
26 -9.07 -3.76 +12.3 +0.09 -1.50
27 -1.46 + 0.67 -4.1 -0.01 + 0.90
28 -23.95 -1.75 -3.7 -0.28 - 1.60
29 -14 -3.95 + 1.8 -0.10 +6.23
30 -4.82 +2.30 -16 -0.15 +1.34
31 +2.14 -5.36 -1.7 +0.14 + 1.18
32 -11.4 -5.66 -4.5 -0.02 -0.98
33 +6.78 +10.24 -0.1 +0.17 +0.79
34 + 0.2 -5.21 -5.2 +0.30 + 0.50
35 -23.83 + 1.88 +9.5 -0.20 +0.34
36 -44.68 -6.63 +6.2 -0.64 +0.53
37 -43.49 -0.47 -11.1 -0.37 -3.42
38 + 5.36 +13.86 + 7.2 -0.02 -0.73
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tion between the Cu concentration in our dialysates before and after a dia-
lyzer was weak (r = 0.0857).

The Cu content in concentrates used in haemodialysis determined by
ELct et al. (1997) was 3.5 + 0,1 pg L1, and that reported by SArRAcOGLU et al.
(2003) ranged from 6.7 to 81.0 ng L'l. In turn, the Cu concentration in
spent continuous ambulatory peritoneal dialysis (CAPD) fluids ranged from
6.3-94.9 ng L1 (MiLacic, BENepic 1999), and according to SEANCAR et al. (2003)
it was 4.9-32.5 ng L1, In concentrates used in peritoneal dialysis, the amount
of 0.006 umol Cuw/Li was noted, but in spent dialysates the Cu concentration
ranged within 0.120-0.549 pmol L1 This_suggests that Cu clearance from
the serum of dialyzed patients is possible (SCANCAR et al.1999).

According to the recommendation of the Association for the Advance-
ment of Medical Instrumentation (AAMI) (MacTiErR 2007), the Cu concentration
in water used for preparing dialysis fluids should not exceed 0.1 mg L1,

In the analyzed dialysates, an averaged Al concentration did not exceed
the acceptable maximum level for water i.e. 0.01 mg L'l (Mactier 2007).
The mean concentration of this element in the dialysis fluids flowing out of
a dialyzer was lower than before a dialysis session, but the median value
was respectively higher. Statistically significant positive correlation between
the Al amount in the dialysis fluids before and after a dialyzer (r = 0.3303,
p<0.05) suggests that Al would not be retained in a patient’s organism.

The mean concentration of Al reported by Jorre et al. (1989) in spent
CAPD fluids was 9.0 pg L (3.6-16.3 ng L1). Other authors (SCANCAR et al.
2003) have shown that the Al migration from a patient’s serum to dialysates
during peritoneal dialysis is possible, as they compared concentration of this
element in fresh CAPD fluids (< 1.0 pg L'1) and in spent CAPD fluids (1.1-
-8.6 ng L'1), and < 0.037 pmol Lt vs 0.130 pmol L1 — 0.478 pmol L1,
respectively (SCANCAR et al.1999). Y. Miura et al. (2002) also noticed higher Al
level in 5 samples of dialysates after a haemodialysis treatment.

In our study, the mean Pb concentration in the dialysis fluids was slightly
lower (about 6%) after a dialyzer, but only in 14 out of the 38 samples the
Pb concentration was higher in dialysates leaving a dialyzer. Moreover, the
correlation between the Pb level in dialysis fluids before and after a dialyzer
was weak (r = 0.0061).

In the haemodialysis concentrates SaracocLu et al. (2003) measured 3.6-
-61 pg Pb L1, but Ercr et al. (1997) reported 1.67 + 0.05 ug Pb L1, Other
authors (BERKKAN, ErTAs 2004) using two atomic absorption techniques (flow
injection hydride generation atomic absorption spectrometry FI-HGAAS and
electrothermal atomic absorption spectrometry ETAAS) have shown 10-70 ng
Pb L1 in 12 samples of dialysis concentrates. In accordance to the AAMI
Standards (MacTier 2007) the Pb acceptable concentration in water is
0.005 mg L1,
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We found that the Cd concentration in dialysates is comparable both
before and after a dialyzer. Statistically significant positive correlation be-
tween Cd levels in dialysis fluids before and after a dialyzer (r=0.750,
p<0.0001) suggests that Cd is not transferred to a patient’s blood. These
results are in agreement with the data presented by SaracocLu et al. (2003)
—0.1-0.3 pg L'l and ELcr et al. (1997) — 0.83 = 0.04 pg L1, The acceptable
maximum value for Cd concentration in water using for dialysis fluids prep-
aration is 0.001 mg L1 (MacTier 2007).

In almost 80% samples the mean Cr concentration in the examined dia-
lysates flowing out of a dialyzer was significantly higher than before a dia-
lyzer (p<0.05). The median value was also higher (approximately 10%). Neg-
ative correlation coefficient (r = —0.185) suggests that this element may cross
semipermeable membrane of a dialyzer and may be transferred to a pa-
tient’s blood.

Other authors (MiLaci¢, BENEDIK 1999) found 0.2-1.9 pg Cr L1 in spent
CAPD fluids, and 5.1 — 39 pg Cr L1 in concentrates used in haemodialysis
(SaracocLU et al. 2003). With respect to the AAMI Standards (MacTier 2007),
the acceptable maximum concentration of Cr is 0.014 mg L.

In our study, when analyzing the concentrations of metals in dialysates
from patients dialyzed less than 1 year we observed a tendency to retain
almost all the examined elements, with the exception of Pb, but during the
next years of a haemodialysis therapy this tendency decreased, probably as
a result of exceeding the capacity of tissues to accumulate elements.

The examined dialysis fluids seem to be safe for patients’ health. They do
not contribute significant amounts of heavy metals. On the other hand, con-
sidering the cases of dialysis fluids samples contaminated with Cu and Fe and
the fact that the dialysotheraphy is continued for many years, it is necessary
to monitor concentrations of bioelements and heavy metals in fluids used in
dialysotheraphy to prevent intoxication of patients with toxic metals.

CONCLUSIONS

1. In the examined dialysis fluids, concentrations of the determined ele-
ments did not exceed the recommended maximum concentrations of chemi-
cal contaminants in water for dialysis (AAMI), excluding Pb.

2. Differences in the concentrations of Cu, Al, Pb, and Cd before and
after a dialysis treatment were not significant. However, the concentration
of these elements was higher in dialysis fluids before a dialyzer. On the
basis of these results, it could be concluded that some amount of these
elements may have been retained in a patient’s organism. The opposite was
observed in the case of Cr, whose level significantly increased in postdialysis
fluids (p<0.05).
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3. Statistically significant positive correlations for the Al and Cd concen-
trations in fluids before and after a dialyzer may indicate that transport
of both elements to a patient’s body via dialysis fluids is restricted.

4. Our findings have shown that the presence of Pb in dialysates re-
quires special attention, because it is likely that this element may cross
a dialyzer membrane.

REFERENCES

BerkraN A., Erras N. 2004. Determination of lead in dialysis concentrates using flow injec-
tion hydride generation atomic absorption spectrometry. Talanta, 64:423-427.

Drucaszek M., Karsowiak P. 2007. Poréwnawcza analiza zawartosci wybranych pierwiastkéw
w ptynach dializacyjnych. Zyw. Cztow., 34: 1398-1403.

Drucaszek M., Szopa M. 2007. Analiza zawartosci biopierwiastkéw i metali toksycznych ozna-
czonych metodg AAS w prébkach miodu. Zyw. Czlow., 34: 1316-1321.

ELct L., SauN U., Ozras S.1997. Determination of trace amounts of some metals in samples
with high salt content by atomic absorption spectrometry after cobalt-diethyldithiocar-
bomate coprecipitation. Talanta, 44:1017-1023.

JorrE P., OLsEN F., HeaF J., GAMMELGAARD B., POpENPHANT J. 1989. Aluminum concentration
in serum, dialysate, urine and bone among patients undergoing continuous ambulatory
peritoneal dialysis (CAPD). Clin. Neph., 32:133-138.

Miracic R., BENEDIK M. 1999. Determination of trace elements in a large series of spent
peritoneal dialysis fluids by atomic absorption spectrometry. J. Pharm. Biom. Anal.,
18:1029-1035.

Mactier R. 2007. Clinical practice guidelines for haemodialysis. UK Renal Association.

Miura Y., Naratr K., Suwase A., SEra K., 2002. Trace elements in renal disease and hemodialy-
sis. Nucl. Instr. Meth. Phys. B, 189:443-449.

SaracoGLU S., SovrLak M., Er¢t L. 2003. Separation /preconcentration of trace heavy metals in
urine, sediment and dialysis concentrates by coprecipitation with samarium hydroxide
for atomic absorption spectrometry. Talanta, 59:287-293.

Scancar J., MiLacic R., BEnepik M., Bukovec P. 1999. Problems related to determination of tra-
ce elements in spent continuous ambulatory peritoneal dialysis fluids by electrothermal
atomic absorption spectrometry. Clin. Chim. Acta, 283:139-150.

Scancar J., MiLacic R., BENEpIk M., Krieas 1. 2003. Total metal concentrations in serum of dia-
lysis patients and fractionation of Cu, Rb, Al., Fe and Zn in spent continuous ambula-
tory peritoneal dialysis fluids. Talanta, 59:355-364.

Wotr F., BErenD K., VoeT G., 2002. Subacute fatal aluminum poisoning in dialyzed patients:
post-mortem toxicological findings. Foren. Sci. Int., 128:41-43.






