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— Abstract —

Aluminum Clearance by Hemodialysis in Chronic Renal Failure

Joon Youn Kim, Ki Hyun Kim®, Won Suk An®, Tae Won Jang”, In Sik Kim,
Young Seoub Hong, Jung Il Kim®

Department of Preventive Medicine, College of Medicine, Dong-A University
Department of Internal Medicine, College of Medicine, Dong-A University”
Department of Occupational Medicine, College of Medicine, Dong-A University”?
Department of Occupational and Environmental Medicine, Sam-sung Hospital, Yangsar”

Objectives: This study was carried out to investigate aluminum levels in blood and
the factors affecting aluminum concentration; we also presented findings on aluminum
clearance during hemodialysis in chronic renal failure patients.

Methods: We selected 56 patients with case of chronic renal failure and 144 healthy
examinees as a control group. We analysed aluminum concentrations in their blood, water
and dialysis fluid.

Results: The blood aluminum concentration in the 56 patients was 2.38+ 0.27 0/dL,
about 4 times higher than that of the control group (p < 0.01). Blood aluminum concen-
trations were not affected by factors such as creatinine, BUN, hemodialysis duration,
iron, and drinking water. After hemodialysis, blood aluminum level were decreased by
about 15% and the aluminum concentration in the dialysis fluid was increased.

Conclusions Blood aluminum levels were significantly high in the chronic renal fail-
ure patients; and hemodialysis helped the patients to excrete aluminum. Authors suggest
that a purified dialysis fluid containing a lower aluminum concentration would facilitate
aluminum excretion in hemodialysis patients.
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Table 1. Age and sex distribution in study sub-
jects

Characteristics Case Control
Number 56 144
Sex
Male 26 87
Female 30 57
Age (years) 46.%* 14.6 52.8 10.9
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Table 2. Blood aluminum concentrations in study

subjects (@/dL)
Case (n) Control (n)
Age
—39 2.45: 0.25 (16) 0.58:0.38 (3D)
40—49 2.35 0.16 (13) 0.56: 0.32 (43)
50—59 2.43 0.43 (11) 0.59 0.28 (40)
60— 2.27%# 0.26 (16) 0.5% 0.29 (30)
Sex
Male 2.36: 0.30 (26) 0.58:0.38 (87)
Female 2.40: 0.25 (30) 0.56- 0.32 (57)
Total 2.38 0.27 (56) 0.5% 0.35(144)
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Table 3. Blood aluminum concentrations by vari-
ables

Variables Blood aluminum (O0/dL)

Creatinine (0/dL)

8.0 < 2.42 0.20 (n=28)
8.0 > 2.33 0.30 (n=28)
BUN (O/dL)
54.0 < 2.41 0.43 (n=28)
54.0 > 2.34t 0.26 (n=28)
Iron (O/dL)
Normal 2.24+ 0.28 (n=14)
Decreased 2.42 0.26 (n=42)
Homodialysis duration (months)
39.5 < 2.3% 0.24 (n=28)
39.5 > 2.38t 0.30 (n=28)
Drinking water (O0/dL)
Spring water 2.38 0.23 (n=40)
City water 2.38 0.29 (n=16)
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Table 4. Correlation coefficients between blood aluminum concentration and other variables

Variable Creatinine BUN Iron HD" duration Hemoglobin
Aluminum 0.28 0.15 -0.19 0.17 0.09
p-value) (0.14) (0.44) (0.65) (0.31) (0.65)

9 : Hemodialysis

000 O00O0O(Table 3), 0O0O0OO0OODO OO OO
000 0000 0000 0000 ooo(r=0.17,
p=0.35, Table 4).

d0odbO 0ood Oob o0 obooo ooo oo
0 o0ooo odo obo oo oo oooo oa
2.38 0/dLO0 OODOD OOO ODOO(Table 3).

00 OOoboo ooo 2.38 0/dL0 O0O0OO
0 0oob bbb ooboo oo oo 0o o»
00 8.79/dLO0 OODO OO OOOODO. OO DO
gooo oooo oooo oo oobood
0.09(p=0.65)0 000 0O0OOD 0OOD OOO.
00 00000 o000 bobo boboo oo
O ooo.

3.000 00 00000 0O

ooodo oo oo oobo bbobob oogo o
ugb ooo o oo ogg oooo ooo, og
U0 o000 oooo booob o000 oo oo
ugb oooo ooob.oododo oooo oo
00 0 5.300/L, 00 0 4.000/L00 OOO
gbogo b 2 %0 00000 ooooo.

4. 0000 OO0 Oooooo oo

00d OO0 OO0bO ODODbO 0o0oo 10 0ood
00 500 mlL/OO 0O0OO 400 OO ODDOOOO.
Ooo0o0do booo ooodob oo oooo g
OO0 o0 obO0o oo booo ooo obooo
0o,0000 00 00 oooo ooo 2.38
0.27 O0/dLO0O0O OO OD0 OOOO ODOO 2.03
+0.310/dL00 OO 15t 5% 000000, O
0 000 obob obob0o oo obobbo ooga
(p<0.05).

000 oo oouo bobo oo oog
00 OO0 O 000D OoOoDo 3.e8 1.55 O/L0
oo, oooo ooo oo boooo oobo
00 0o 500 200 0 OO0 ODOO0O oDoooo

0 00 4.221.75 0/L0 4.122.03 O/L, O
00 4.141.80 0/L00 OO 0O 0OOO O
000 0000(p<0.05), 00 0 00000 OO0
00 000000 000000 000.

g g

0000 OO0 OO0 OOO0DO OO0 Oooo
00 0000 000 OoDoO 000 Alfrey,
1983; Bellia 0, 1996) OO0 OO OOOOO O
00 00000 OO0 OO OooDoOo ooo oo
00 40/dL OO O0O0O0O(Birchall, 1992). O
00000 0000 00 0O 0o oooo ogog
2.38 0.27 O0/dLO0O OOOO OO0 40 OO
oooo, 000 OO0 OO0 oDOOoOo oo oo
000 00 000 1.05 0.59 d/dL OO 20 O
O ooo@oo o, 1999). 0O, 000D OO
0 0000 0d, 0000 000 oooo oo
0 0000 OO 0000 OoOo bgoo ooo
00 000 0O 0ooo, 000 000 0o oo
00000 000 00 D000 0ogo oo oo
gooo o0oo ooo oo oo good, o
000 0000 OO0 OoDb0ooo ooo o oo
0o oooo.

00000 00 OO0 O0oD0OOo Oooo ooo
00 OO0 OO0 creatinine BUNO 0000
good 0o ooo oooo ooboooo oo
000 00oD. 0000 00000 ooo ogo
0 000 00000 OO0 000 ooooo oo
o000 000 D000 00O oo gooog o
000 OO0 Oo0o0oO0, 0000 00 creatinine
0 BUNOOO OO OO0 OOOd, 00O oOoo 0O
00 00000 OO0 OO0 D000 ooo oo
00 000 00000 ooDOO0. 00000 oo
ogod oo oo oboo oo oo oo
00 OD00 0000O00D 0oooo oooo o

81



oooooooo 0140 0O 10 20020

000 0000 Do 0o, 0 00 OO0 ooo
0 000 000 OO0 0o0oobO ooooo.og o
00 00000 OO OO0 ODoOo boooog o
0000 OO0 0000 ODo0o 000 oo ooo
ooooo oooo.

00 0000 0000 oo oo oo oo
0000 D000 000 0O 00D Ooooo od
00 0000 00 00 0000 o000 oo od
0 00,00 0 000 0000 oog oogo
0000 000 O 000 ooOoo ooo oo
(Piper O, 1967; Huang O, 1992)0 0O O0OO.

0000 00O 000 00 00O obooo od
00 0000 0000 000 0 20 oo ooo
00 0DDOO0@OO O0,1999) 0000 OOO0OO
000000 00000 D000 OO0 ooooo
000 0000 000 00O ooO0 ooo. oo
Jo00O00 00000 oo 00 oooog oo
0000 OO0 0000 000 oooo oo o
0000 00 0000 oooooo ogoo.

00 00 00 00DO0 000 00 oo od
00 15% 00 00o0oo0o, oooo oo oo
00 oo 00 0ob 00 0o oo oboooo.
000 00000 00 000 ODooo ooo o
00 000 0000 000 oo 0o ogo, oo
000 00 00O DOD0000O o000 oDoo oo
000 00 OO0 0000 OO0 000 ooog
000 00000 OO0 O o0 ooo ogd
0.000 0 000 D00 OobO0oo oo oodg
00000000 o0oooooog.

godood oob boo oo ooboo oo
00 0000 OO0 00 OD00o0oDO ooo ooog
O 0000000000 O0O0.000 0000
0O 00000 O0O0O0 OO0 00 OO0 ogoo
0O 00,000 000 00000 OoO0.0doo o
0000 D000 000 0O 00 0ooooo oo
00 00 000 0000 OO0 oo ooo o
000, 000 OO0 0000 oboOoo ooo o
0O 0O 0 (softening), 0 OO (deionization), 000
(reverse osmosis), 000 OO (charcoal filter),
0000 000 OO0 00 000 ODOooo ooo
00 (D"Haesell De Broe, 1996; Ringoir,
1992). Surian M 00 0000 OO0 OO OO

82

0 oboob 000 00 oooo ooo booo
O00 0O0,00000 14.%¢19.90/L00 3.2
+2.10/1L0 000000, 0 0 00 00000
ugb 0o oogoo oooob bbb oooo ooo
000 OO00(Surian M, 1998). O OO0 OO
ugbd ooo bo booooob, boo boo
u,0d0o0,0o0o0oo,obb bbbob 0o 0Od
0 0000 oooo booob, ooooo ogo
oobO 00O 00Db0O0 ODbO0Oo o0 O 5.300
/dLO0 00O OO0 O 4.00 O0/L0 ODOOOOO O
o0 ooobobob oo oo bob b Do
gooobo bboooo ooooboo boo oo o
ooo obob ooobo ooo b0 0o oo o
uoo. oo oo oooo bbb oooo bo
0 o000 oooboob boboo 0obo booo
O00O0D0O00@oo o,1990 OD0do O
g oboob oooo 0ooo bob oo boao
gooo.0boo0 o000 0o oooo odg
00 ooo obob bbbbb oooo oo og
gooo obooob. o000 ooooob boo o
oooo oobbobbb 0ob ooooo bo odg
o0 00 ooodoo 0o ob bbb ooo b
ob ooo.

goooo bbb 0o bbb 0000 oobo
oo oo bbobb 0ooo oo ooobo boao
oo 0ooo0 0 bob 0000 bo oood
oooo 000 Ob 0 0bo ooooo. oo
oo ooo bobooob bobob ooooo odg
o0 oobO ob oobbob 00O b 000 odg
oodoo 0 oooobo bbobobo oooo odg
0 oooo, 00 oooo booo oo booo
ooooooboobbbb bo.

g g

gb:-oooboobbbb bo o0 oooda
U oob o0 oooo obo oo ooo og
0 oo, doob ooooobo ooogg oo o
ugb oooo obobbooog.

g o0 00000 10 booo ooboobobo
gooboobobD 0o OO0 Oob oo sedb0 Ood
oo, 00000 oo oob 00 14400 OO



oo oooo, ooooo oo oooo oo,
gooooob, oo oo b0bob ooooog,
b obo oo ooobo ooobb ooogo odg
o obooo.

o0 :00000000000O000000
000 2.38 0.27 O/dLO0O OOO0O OOOO
ugb o0 obo ob 0oooo booob ooog
(p<0.05), OO ODOOO ODOO OO0 OO DO
g ooooobbDb.

o0 00 00O o000 bob 0000 ooo
ob 15% 00 0oooob, 00 0 oooo o
U obbboooobboo.

00 :00000 000 0000000 oo
oo oob bob 0o o0 ooooo. ooo
oood ooo 0o bobbDb bO000 ooo
o000 0 0oooobobo obooob ob oo
g obbbobooboooobob oobob.

gooo

ooo, ooo, oo, oo, ooo, ooog,
Roberts NB. 00O OO OO0 OO O OO alu
minuni] silicon. 000000 1999;32(2):200-205.

Alfrey AC. aluminum. Adv Clin Chem 1983;23:69-91.

Berg BM, Croom J, Fernandez JM, Spears JW,
Eisen EJ, Taylor IL, Daniel LR, Coles BA,
Boeheim F, Mannon PJ. Peptide YY adminis-
tration decreases brain aluminum in the Ts65Dn
Down syndrome mouse model. Growth Dev
Aging 2000;64(1-2):3-19.

Birchall JD, The interrelationship between silicon
and aluminum in the biological effects of alu-
minum. Aluminum in Biology and Medicine,
Wiley, Chichester (Ciba Foundation Symposium
169), 50, 1992.

Bolla KIl, Briefel G, Spector D, Schwartz BS,
Wieler L et al. Neurocognitive effects of alu-
minum. Arch Neurol 1992;49:1021-1026.

Bouras C, Giannakopoulos P, Good PF, Hsu A,
Hof PR, Perl DP. A laser microprobe mass
analysis of brain aluminum and iron in demen-
tia pugilistica: comparison with Alzheimer®s dis-
ease. Eur Neurol 1997;38(1):53-58.

Campbell IR, Jules CS, Cholak J, Kehoe RA.
Aluminum in the element of man. AMA Arch
Indust Health 1957;15;359-448.

000 0- 00000 00 00000 000 oooo oo

Cannata Andia JB. Role of aluminum in osteodys-
trophy and anemia in chronic renal failure An
Med Interna 1991;8 Suppl 2:21.

D"Haese PC, De Broe ME, Adequacy of dialysis:
trace elements in dialysis fluids, Nephrol Dial
Transplant 1996;2:92-97.

Fernandez Martin JL, Cannata JB. Evolution of
the aluminum concentration in the final dialysis
solution: Multicenter study in Spanish dialysis
centers. Nefrologia 2000;20(4):342-347.

Fulton B, Jeffery EH. Heme oxygenase induction.
A possible factor in aluminum-associated ane-
mia. Biol Trace Elem Res 1994;40(1):9-19.

Huang YY, Huang CC, Lim PS. Effect of body
iron stores on serum aluminum level in
hemodialysis patients. Nephron 1992;61:158-162.

Greger JL, Sutherland JE. Aluminum exposure
and metabolism. Crit Rev Clin Lab Sci
1997;34(5):439-474.

Jones KC, Bennett BG. Exposure commitment
assessments of environmental pollutants.
Monitoring and Assessment Research Centre
Report 1985, No.3, vol4, King s College,
University of London.

Kausz AT, Antonsen JE, Hercz G, Pei Y, Weiss
NS, Emerson S, Sherrard DJ. Screening plasma
aluminum levels in relation to aluminum bone
disease among asymptomatic dialysis patients.
Am J Kidney Dis 1999;34(4):688-693.

Krizek M, Senft V, Motan J. Aluminum and the
human body Cas Lek Cesk 1997;136(17):544-547.

Piper DW. A comparative overview of the adverse
effect of antiulcer drugs. Drug Saf 1995;12:120-138.

Ringoir S, Water quality, Verh K Acad Geneeskd
Belg 1992;54(3):179-185.

Schetinger MR, Bonan CD, Morsch VM, Bohrer
D, Valentim LM, Rodrigues SR. Effects of alu-
minum sulfate on delta-aminolevulinate dehy-
dratase from kidney, brain, and liver of adult
mice. Braz J Med Biol Res 1999;32(6):761-766.

Surian M, Bonforte G, Scanziani R, Dozio B, Baj
A, Della Vedova L, Toffoletto F, Trace elements
and micropollutant anions in the dialysis and
reinfusion fluid prepared on-line for haemodiafil-
tration, Nephrol Dial Transplant 1998;5:24-28.

Swain C, Chainy GB. Aluminum effect on lipid
peroxidation and on the activities of superoxide
dismutase and catalase in the cerebral hemi-
sphere and liver of young chicks. Trace Elem

83



oooooooo 0 140 010 20020

Med Biol 1997;11(2):77-82.

Trapp GA. Plasma aluminum is bound to trans-
ferrin. Life Sci 1983;33:1311-1319.

van Rensburg SJ, Carstens ME, Potocnik FC,
Taljaard JJ. The effect of iron and aluminum
on transferrin and other serum proteins as

84

revealed by isoelectric focusing gel electrophore-
sis. Ann N Y Acad Sci 2000;903:150-155.

Wills MR, Savory J. aluminum poisoning. Dialysis
encephalopathy, osteomalacia and anemia.
Lancet 1983;ii:29-34.



