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Water Treatment for Hemodialysis and
the Importance of Water Quality

Aoadstn ofojst AEAEHY A

Foie HAEML S (reated tap waten) 9 Hd A, 4EA, TEdo]l A9 e otk FAFH
S B B9 A9 AT HEFse Bo ¥ vMAE 49 208 S 1 o]4do] Hrh FAEME §)
T oESE #hxbe] Fole 140-2408]€]9] Bo) w=EFHER £ (KEH)S dHd HAFEM XFd Fad
AAteict, whAAl AR £ °1°L 2o Hae =g3ty] dol &sideld WA HysAT £47] 2
(Dialyzer)2 &FA7|AY &2 ARk ste ol &8 MEstA] el wa] gibe] o3 FopA|7 Ho]

3

oh Agom okl gEAel 4R vl Bae| EASHE RAolahn BATA Foli 10u]o]4] 25H)
A AR Bok: Ao) bFetth metdl ezt M dgd % Bdolam BAE BRAt
AZE G Q= Aolth 29® BE FAS H9e Al vkt 242 vhsteh (Table 1),

T ARREH7] Y =2 Adske dde AR (filter), 43t (softening), B4 (charcoal)ol
o)t F&, A4S (reverse osmosis), Bo]23 (deionization)e] #48& AAA vl (Fig. 1).

A2} (sediment filter)v &) & 7 AAES 7IAHe2 AAs b= #Aolct oF 10 y A7}
Ao} sats mErHom o }3}1 4 7 glen, Bl Hof gl YA ol AASHA REth &l 7

313 (hardness) datA o2 2 wfodlgo] o3k Feold. 948l (softening)E o] W7 HE 9]
835 WHolth o] 2w & 7 (resin}E T43h: T8 beads®] EWAA dojdtt (Fig. 2, 3).

A% (hard water)7} resin® &8 HW Foldw 27te] ZHEH vladlFolo] resin A s
A 2/e] EF]2E WA "tk Resine] ZEY vladlEoR E3EWH A7) (softener)s A48 E o
of gtrh, Fafedubiz oyl EHe] AN FAWEA 84 charcoale] B+ES FolEo FFoE 1
285 vebdY 2 chloramine, chlorineS A A= A& AT A2 o]8xE A4

Table 1. Signs and Symptoms and Possible Water Contaminant - Related Causes

Symptom Possible water contaminants

Anemia Al chloramine, Cu, Zn

Bone disease Al, Fl

Hemolysis Cu, nitrates, chloramine

Hypertension Ca, Na

Hypotension Bacteria, endotoxin, nitrates

Metabolic acidosis Low pH, sulfates

Neurological deterioration Al

Nausea and vomiting Bacteria, Ca, Cu, endotoxin, low pH, Mg, nitrates, sulfates, Zn
Death Al, Fl, endotoxin, bacteria, chloramine

Note : Revised from the food and Drug administration (FDA) (1999)
A manual on water treatment Rockville, MD: FDA
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Fig. 1. A tvpical water treatment plant used to provide high
quality water suitable for haemodialysis (Photograph by
courtesy of Lars-Goran Nilsson and Dan Johnsson).

Fig. 2. Water softener. Note : Figure courtesy of DaVita, Inc.

Fig. 3. Softener lon exchange. Note: Figure courtesy of DaVita,
Inc.

°}‘E‘—]°|'°l 2k3} 31§HEQ1 chlorine®)Yt chloramine?- %)% E'-’l’ (RO Membrane) & ahate] RIES <)
7 7] @&l chlorinee]t} chloramined ol a3 ko #7| (granular activated carbon,
GAC)E RO #Aet &4 dAdsdte] AbsH= o] Frt Chlorine% Abgtell Al §+-4538k51, chloramine
Az} wkg-sle] NADPHE A48l hexose monophosphate pathway S #b¢tale] sl 224 cellular
proteind} lipidE& WA AIA oxygen free radicald 2]tck Chlorine®ltt chloramine®l 7]&% %4
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mg/Leld, MEF WF (>3 mg/l)e Heinz bodyE A4 F527F 01-02 mg/LoAd: 28
(recombinant human ervthropoietin)ell #Hg-e] wWojd 4 Ut 45 (reverse osmosis)3t Bk
42 ol gslo] oM fr7lEw AaAlAL AAsH: 2H4olu} (Fig. 4-6).

F71% LAk &4 (diffusion)oll oldl HejA i &8 zolak (Ultrafiltration)oll ¢lall wHEW#& %
sl Bk f7) BAE WEE wx) gons whte Ak Hae) 2v)sh wopol wel uhef o

water intake | © .'.'. o2 MR ‘oo waste water
> —" membrane =t
o - . .
° . |
e, 7 e M 1 4]
L]
treated water

Fig. 4. Reverse osmosis. Note: Figure courtesy of Terry
McClure, GE Osmonics.

Quter covering
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Fig. 5. RO membrane element. Note: Figure courtesy of
Terrv McClure, GE Osmonics.

Fig. 6. Membrane element with connectors. Note: Figure
courtesy of Terry McClure, GE Osmonics.
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zelHoz HelAy, 200 Dalton °ol’de] ¥AFE 7k Qabe 2% delz=dl vhelelof, vlele]s, 4
A T3k 445 (reverse osmosis)e]l FHS iERe] & A& 5 Avhs Hab 280

FRbols X 7F 7bsska vte] izl 1-2d olde] £Wg zhul vk BE o4l Al
2% 753 formaldehvde, peroxvacetate (hemoclean) &5 A%o] 7hg-dlt. gabie] e
AbEl B FEe 8ol 25-50%0l HA] kar unjA| 50-75%2] &8 wlel#|7] wjiel] Eeo| ¥
ol B Aoz s A7k @ ek Aaksul (RO Membrane)d 34 wet typeo] ML
AarAd g, vhel shaeite @ Wl gl Alibo] rhgsle] #EEA 4% W= formaldehyde, peroxyace
tate (hemoclean) ‘52l A&%As A4 glojof ek @ol 23} (deionization)iz &4l Holdly &
o] && A A= Aolv}, ol &bhedst &olEbed?t UizH F bedi zeolited} el R 4 =Ly
o] o] &-mEsA o] Aol G FAH o] 2tk Two-bedA Al o] AALR S} So]& AAFA7} B
21 ¥ tankell zHzt $iol o], o] WA ol bedit, throlir &0l bedit WAl ) vl &
F3 bed A= @ tankol - 7FA resinol 4lo] dolA ] g BE wHEe] ulA|nt grel vl Mg
vh, b oz vk resin o) nAEHAS wiz FAVWA A ENE ghEoA FREES AMSHS o
weh 3@ &z v 2A gk E o ¢S Aol resindl A £ it F7185HES net
charge7} gloni ol @&3t2 )7 & =7} glal v]-&3 o] Ach

{2 o wfo
2
=
1

oX

Water distribution piping system

A4 A2¥ & dialysis unitZ Ruli= distribution system® F8.3kck Polyvinyl chloride (PVC)
7} 744 &3] AME-E& piping materialolth, Biofilme §41712] So] 3|&s AHawWA 44 bicarbon-
ate N& AREE of, Eo] MM sEA HAlw wf, MarsSo] FEEkA AU w Feol <l slof
A2 4 gtk BiofilmS o] Y39 vjgEEe] ##h& ol Ao, Ay biofilme] AW A7)
ol A endotoxin®ltt metaboliteft #1lste] A sk717F o g} (Fig. 7).

Endotoxin (Fig. 8)& lipopolysaccharide®A 1384 # (gram-negative rods)®l lipid-bilaver
membrane®] 919 (outer leaflet) &2 ulto] F-sjs]d FHGENE 7yt GE7A] vgst =217)¢e] &3
%l lipopolysaccharides?} leukocyte activation, febrile reaction, hypotension, [atigue 52 A&38H%
ghe-& dozlch FAukE Y8 ¥F O endotoxine] THH R o|FdtA W FAn Ayl oA
Folvt Br1H o ddgolet ¢ dFA HES Yodle 8ol W 4 Utk

HEuAE @ FS biofilmE AASHE 7Hg 2 AshAlE AAEIA 2EE Ead Bl 20Tl
A 2549 #HLe whv|E 2a glen, UV irradiationd © #®e] 228 A78c) &S FDAOA ¢t
Ag Qe FAsA, eFe] Ho mEFI LR 5ULT Wt 847k 0.1 ppm o], 158l 0.3

Fig. 7. Biofilm formed in a renal unit water distri-
bution system.
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Fig. 8. Endotoxin.

ppm7tA wobd 4 Qrk HA oA endotoxin el digk 27t FolAWA &L o £ new
technology 7t 2705l it glov 2&e| FRuU wmFEAtel Wi standard?l ¥ W 3 A8 8%
&al AeE & (product water)ol]l 2Eo] EAE 7 -0tz Al A Fa|# #5207 widel o}4
ekl Adel] tgh w=jko] Al&E 2 glukh Hioly= 85-90T 2 H4% (Heating disinfection)o] 713 ¢h#l 3}
vhit Bar%) s 9l Hot water disinfection systeme 2HE 2.2 RO¥ ofu 2} distribution system7}#]
4% (Heating disinfection) g o] biofilm &AL vhzdl Lol =iz A¢Alaglos, gl A~y
ol M= 712l PVC tubing@ 2% AHEE 4 glon] nr} 7hze] nisi Hell 73k chlorinated PVC
(CPVC), polyethylene (PE), cross-linked polyethylene (PEX), polypropylene (PP), stainless steel
(SUS) %& AHgatefo} gt

Water quality Improvement
Ao 7)ae vl ol #7]8HE] (American Society for Artificial Internal Organ, ASAIO)$} 2|

&)+ 7Hubg o] 3](Association for the Advancement of Medical Instrumentation, AAMD®] Renal
Disease and Detoxification Committecll 2] 14 Table 25 upizs| %},

Standards BT

AAMI : Association for the Advancement of Medical Instrumentation

#++ AAMI (Association for the Advancement of Medical Instrumentation, 2004)ell4 1118}~
FHo & oheal g

AA, YA faaMe] 7]6E bacteria 200 CFU/mL W%k endotoxin : 2 EU/mL "¥Fe.& mi
crobiology#t endotoxin®l #8218 FAsAG (2 $3 AL bacteria 100 CFU/mL v|vk,
endotoxin : 025 EU/mL vthe. & fji7]5Ee] o fAsich). AvbH R bacteria testiz ol §l Al
88 Aski 9o tryptone sov agar (TSA)Y poor nutrient medium$! Reasoner 2 Agar (R2A),
Tryptone Glucose Extract Agar (TGEA)7F & wiA|2 &4 vk A A4 225 wasid &
woll = Holw 2ubzke uwjFE HalslwEE #Asta vk Endotoxin testi Avlol] Fl At
Limulus Amebocyte lysate (LAL) test& @o] AM&-gch

LA, AAMI (2004)0 4= 8o 4845 conventional dialysate, Ultra-pure dialysate, dialysate
for infusion®] Al 7} & R399 high flux hemodialysistt Ultra-pure dialysatei z#yhi= $
Aro] el Fal 7Y FEEd olg g WA S W ohlel JEIA g olftRw
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Table 2. AAMI and EPA Maximum Allowable Levels of Contaminants in Water

Contaminant (Drmkmg water (mg/L) h(ezglrz)c(ieiglt;?iiorzv;(t)gr henéiil?sfllxdf%d t:);}?il;ity

condensed list) July 2002 (ma/L) (ma/L)
o g

Calcium Not regulated 2 (0.1 mEq/L) 83

Magnesium Not regulated 4 (0.3 mEg/L)

Potassium Not regulated 8 (0.2 mEqg/L.)

Sodium Not regulated 70 (3.0 mEq/L) 300

Antimony 0.006 ' 0.006

Arsenic 0.005 (0.010 on 1/23/06) 0.05

Barium 2 0.10

Beryllium 0.004 0.0004

Cadmium 0.005 0.001

Chromium 0.10 0.014

Lead 0.015" 0.005

Mercury 0.002 0.0002

Selenium 0.05 0.09

Silver 0.10 0.005

Aluminum 0.05-0.2" 0.01 0.06

Chloramines 40 0.10 0.25

Free chlorine 40 0.50

Copper 1.37 0.10 0.49

Fluoride 2.0"-4.0 0.20 1.0

Nitrate (as Nitrogen) 10 2.0 21

Sulfate 250" 100 200

Thallium 0.002 0.002

Zinc 5 0.10 0.2

Bacteria HPC bacteria: 500 cfu/mL 200 cfu/ml. >200 cfu/ml.
Coliform bacteria : 0-5%" (action level 50 cfu/mL)

Endotoxin Not regulated 2 EU/ml. 5 EU/kg/body weight

(action level 1 EU/mL)

Lh

*Unenforceable maximum contaminant level goal (secondary standard), TAction level at 90" percen-
tile, '95% of the samples (all positive results must be resolved)
Abbreviations HPC, heterotrophic plate count; FU, endotoxin unit

Zraska S 2-microglobulin amyloidosis EA%E €49 4 v Rusal 9dth Ultra-pure dialysate
& 25224 bacteria 10 CFU/mL V¥, endotoxin : 0.03 EU/mL w]wto & A ej3}n], AAMIO| +F
AR 9FAA (inflammatory markers)tt 5749854 (acute phase reactants)®] =71 @4 &
AoE HuEI Q.

Renal Research Instituteo] A= distribution system & Zrgel Yd4o] =2 storage tank, post-

pyrogen filter, water feed to the bicarbonate mixer, the deionization bypass system %= w5 =

A ES W3 RO Membrane2 Hojx 23] iz A vt} 453 E% A4t distribution

system FYFU 71Al 545l ultrafilterE A238}e] high flux dialysistt on-line HDF 2|3 A] bac-
teriatt endotoxing F7t= AASEE AGs Tt

A7) FAFA Aol Al o] S w3 FHFT HHE o3 AR dFHL N FEe FAg%
9] outcomeo 2 QS AU E BHilEo]l ALEI vk HAREA dxtoa FAe HHLE HrE
o F¥FRo ¥, oy, dEHe ol opd £AAE FFHN tE do ve Fagh
248 F5E oy, FARMA ] A g A &Ho)n HAF A4 #AE 7]&ojof F o

e,
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