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QTR BHdow By Lo]l& EA 4 wWisE o]ddd 845 AASY . Dual
closed-loop dialysis technique & Ab-&-3te] o] Bt ot AlzsatA=d oo §do A F2
At 2544 45 T3 29kow, sodium phosphate-citrate $+5-8-4-& A}-8-38l¢] ureased] FE ¥
3}.9} DL-alanine 5} glycine ¢ urease &4 3l =& 3Fg AAdgct £ A2Hs b8 AF4
Z AzdE FF8 Aol dstd wlmstd Bgie

APAs X A2de) B4 urease & FEE 1.5unit/m/ Q o 7} 435k ureased] WE B4
2} Z3e g 3 849 FE wlEd 32T 4 gk FaH AEH o)A A3k £ A&H o]
& A2 u} aAd fagd FRUE AANHA 84F AAT F ALE ¢ F g B
Al&d & QA QFAA o] £ AL AFAZEY Lol F3hA e Aol aAATL

ABSTRACT
Improved urea removal system utilizing anion-transfer membrane (A.T.M.) is investigated.

For various solutes overall membrane resistances of A.T.M. and cellophane membrane are
determined by a dual closed-loop dialysis technique. Using 0.2M sodium phosphate-citrate
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buffer, effects of urease enzyme concentration on urea removal and effects of activators such

as DL-alanine and glycine on urea removal are investigated. Comparison with other urea

removal systems are made by simulation using two compartment model.

Experimental results showed that 1.5unit/m/ urease enzyme concentration is adequate for
the system of 0.5 L blood bath and 0.5 L dialysate bath. Effects of activators are not observed

probably owing to very low urea concentration in dialysate.

The simulation has shown that

A.T.M. system is more efficient than other systems in urea removal and toxic ammonium ion

removal. The results suggest further work for developments of A.T.M. suitable for artificial

kidney.
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Fig. 1. The function of anion-transfer membrane
in dialysis

Al e £AUE TAAE gl A9
AA FAAY Fe Folt ol Hsl 477
P AT Ao 9 @k ASLHAAA
AASTE P& akd steEad BAHE

R olr} QlAle] fralstER R HE o]F
A msd oz A AsErld el A5 6 9l
t}, o]l ot® ] o}E sodium zirconium phos-
phate & 443t AAAA AAstE w4,
urease 8} o] £w 342 E microsncapsulation



ol BAAT EENSAY AFAF

AA GRS A A W, Z%, vk
g, drEUHF A gtRVolubg Al om
F-2A]7] & silicon-coated zeolite o] &3} uf
1, 32l $FELE ALEE RV E
o-m| ko B HIAAA A AT W] A= H
Gtk g Mueller 2= o] & m3lutd] 3
A5 Yot 3R S EdAE
+ dee 412z 2 a9
Fig. 16]4 243k v} 2o} &
S e FALAE S
ol g A B3R gE fole FAAT
Agete] AR ¥R hE ool
7_1
SR

al N,y
fo e nlo —|}~

n
o o ]

Sob 1 2
2 i

[
-

o

fu
i)
|
d

-51}-521— 84 RFREES 2 =t
Ttz wl wakgl . kS
B Rz AF P4 o
£4E e 5 UYEF Tl
37l v}, =3 urease & %‘3"1]
£ activator o] =gt sk pHA
2309 F3tE 4 wgirh

14 A
2

o2 [o
fru

o}

f
e

o

I:I_SLIOE—{mmlOo&
e
_&‘4

glo of
(o)

ol

2. O|EH 1#

Adg 53 s $19 transport & oh

3} 7+¢ Kedem 3} Katchalsky?Pe] o=z 3
A,
Jo=Ly(4dp—odry) )]
Js=Cs(1—0)]s+wdrs (2

o714 A n}t oksd 9] hydrostatic pressure 4p
7} 7+3 osmotic pressure zfole] g3+ J, 7 F
A% mkale 449 flux7b 2Hate] 3ste x|
W oba e

Js=wRT AC, (3

Js=PdAC; (CY)
2 A8tk 9714 P = membrane permea-
bility & vhebivh, bk Cs /b A = ofsd 9] bulk
phases ¢] FEAE vepdrld P& overall
vepi A (Py) ol
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1. Blood bath 2. Dialysate bath

3. Masterflex pump 4. Flow meter

5. Simulated A.K. 6. Membrane support
7. AT.M. 8. Stopcock valve

9. Agitator

Fig.”2. Schematic diagram of urea removal
experimental apparatus
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Fig. 3. Determination of urea diffusive permeakb-
ility at 30°C (In Eq.9, m=V5sCs,, Cp.=0,
C=(Vg+Vp) Cp.)
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Table 1. Diffusive permeabilities of solutes at
30°C, 100cc/min for both bath.
\ ’ O.M.R. (mm/cm)
olutes | MW, |~ I
Solutes LW ! cellophane Anion-Transfer
i ,‘ membrane Membrane
Urea | 60 | 30.6 61.2
NHe 1 18 ’ 29.2 281. 0
Na- A 31.4 224.3
K* |39 46.7 £89.5
Cavr | 40 61.2 448.7
4. H1} 3 q=k
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Fig. 5. Buffer efrects on urea removal at 30°C,
1. 5unit/m/ enzyme concentration
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Fig. 6. Effect of enzyme concentration on urea
removal at 30°C

Table 2. Urea concentration in each bath

. f
narme | e ared | dalysate urea
blood bath bath ;_‘dxalysate
(unit/m?) (G/L) G/ 1@/
1.0 0.112 0.095  0.017
1.5 0.162 0.159 | 0.003
2.0 L0178 0.176 | 0.002

el

Temperature : 35°C
Initial concentration of
urea in simulated blood bath :

1G/L
A 2 4AA HE A} A2 "1% ure-
ase 7} broad pH-activity profile & 7}
7] W Eol eh(3 A pH=6.5).%
EAYe LR %Bb] 100m//min. < =)
AL Pt o= ] F
distortion =} swelling & 4} !IH'—IOH ul -8

3% 2L 4+ 9o HARelh

2™ membrane
R ]

4-8. Urease x| H&f

Fig. 6 & urease 42| ¥% 7} 77 1 unit/
m/, 1.5unit/m/, 2unit/m/ < =& § & A A
EE Jebd adgelrt, = Table 2= 4 A7k
Zqre] A¥ 3o 7 bathe] a4 ¥z} vk

BtatEst HI18A H 25 1980 43

Tz
0.187 A: no activator A
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o~ C: glycine

f
~
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~ 3B
I
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M
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Fig. 7. Effect of activators on urea removal at
30°C, 1.5unit/m/ enzyme concentration

840 ¥2 2 Jelde}l, Fig. 6 3+ Table 2
AH R, 544 FE7F 1 unit/m/ Y w3
= sl Aol a4F s b
A71A X3E & 4+ e, 1.5 unit/
m/ &} 2 unit/m/ Q) Aol = AL wlukS 24
7b fleng Sase e 845 AY st
+3H AR E & 5 Udrh JE 2R 44 AAA
o AAA EAE 2 & =  system
o] WA & 1.5 unit/m/ 7} A G & 4 9l
st

-[}. Er) fu[m olo
e 12
JO‘;II‘
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4-4. Activators 2| A&t

& ol 2520 o 5lw glycine, DL-alanine 3 2+
obe] kL urease o F4L EAh = o
SIEh. A7 25ml 9] ebel et d Asbstel 44
25 Fig. 72 Qg
o] el A REo] activation & Alo] & ¢
2 i 9358 deactivation & Ale] ool
ek o] dialysate & o4& FEIF & w7
a] Fol] Vel Ao g 3 glvh ?® Urease o} &
Aol o8k deactivation &
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A _/’:E“v"— A zaA e a}83led recirculation
A7 7398} angle pass A|7] 73, = urease
£% A4 24 der G2y

& 483 AAD A A

5-1. QIEAF AjaHel ZH

Al QAW 849
fluid ¢} extracellular fluid & 1%} compar-
tment & 1} Bell?”$] two compartment %=l

<3 & intracellular

& A&}, 74 compartmentof] u]g Ex
FAA L
v, &—G K(Ci—C.) (5)
v, 4C. "Ce Ao _K(Ci—C.)~D(Co—Cp)— UC.

()
o714 K& compartment 7te] EA A
4, D& a4 &3 clearancs, UX conve-
ction o) 9} clearance, G £.49 ol A
HERE Ve, v, C, V., Cct= 2
partment & F-3]9} Q49 Exojcl, A wsut
Aarg AL ALY dialysate o) B3 x4
2 recirculation A]z A2
dCD

Vo =D(C.—Cp)+UC. W)

2], single pass A]7] & 7] Sl =
Vo L0 _p(CmCo) +UC—aCr  (®

o]t} 47 11 Vot dubd o2 A45 = dialy-
ser 8] £3] (2% 1)¢]9, ¢+ dialysate ] &
22 el e

T FAY o2t aaAA 87
o o]l LuFFHFE sHAl A 2wl o e
A& & compartment & F3 x| 4.2 o] 7
b vhabvbA o] H, dialysateo] ojsiA & b

s 2o,

v, -4Cn. dCD =D(C.~Cp) +UC.—7CpVp (9)
d
~_(dQ_tl)_.:SCDVD (10)

4714 r3k S A2 248 Frold o
T BGEEAEW0| R, Cpol Con & 449}

convection ¢f] £ &} clea-

rancs & FA]8+g o= 7 compartmente] w

T BAFAAL g6 WA
dC: _
Vi'—'-d—t— G K(Cl, E) (11)
Ve Lo =K(Ci-C)~DAC—Cr) (12)
dCD
Vo =DA(C.—Cp)—~7CoVp (13)

Table 3. Physiological transport and membrane
parameters for urea removal kinetics?:27

Volume of intracellular fluid, V; 23.24L
Volume of extracellular fluid, V. 9.96L
Volume of dialysate fluid, Vp 100L
Volume of dialysate in dialyser, V, | 1.0L
Production rate, G 3. 0mg/min
Mass transfer coefficient, K 0.552L/min
Diffusive clearance of urea for 0.412L/min*
cellophane membrane, D
Convective clearance of urea for 0. 013L/min*
cellophane membrane, U

Diffusive clearance of urea for 0. 216L/min*

A.TM., DA

Diffusive clearance of NHs* for 0. 045L/min*
ATM., DN

Effective first order reaction rate 0.317min-1
constant for urea hydrolysis, r

Effective first order reaction rate 0. 095min -1

constant for NH4* production, s -}

* . Value for 0.6M? mass transfer area
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dCDN
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Vb

:SCD‘/YD—DA/"(CSN—CCN) (14)

Ve

=DN(Cpv—-Cen) (15)
3714 DAg} DN & 125349 84
S} okmalotel Lol &8 clesranczo]n, Con

Table 4. Mass transfer area required for each
system during 4 hours operation

Systems ’ Area

recirculation | 0.602M?

Cellophane membrane
system

single pass i 0. 3877M?

Cellophane membrane system with l , ,
ion exchange resin 0. 3289M
A.T.M. system { 0. 6823M?
1000 A: intracellular
-~ B: extracellular
‘g C: dialysate
=]
-~ 150
g &
(e} 4
ol
+3
«©
S 500
o
o
3]
[]
o
250
9 C
f4
o]
0 R N N
0] 1 2 3 4

Time ( hours )
Fig. 8. Urea concentration profiles against

time for recirculation system
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Fig. 9. Urea concentration profiles against time
for A, T.M. system
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Extracellular-fluid & 8.4 &7} 447 5
kel 300mg/l H %5 2 A zdd wisi4 EF
A WA 73 Aaprt Table 44 Yot o
714 B2 Anpaleld FE A9} 3hald] 43
clearance 7} & Q3L 93 & &+ Y+ Fig.
8¢t Fig.9& 7% %El A5 9l recir-
culation A &®l3} B 2" 949 Fri
=% vhebd 295

ol AFFAE FIA D

Al‘— )ﬂ

At A

&9 7ol 4217k Fke operation kel
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1.5mM &) grm=ujeolg AAL 5 v 23y
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Fig. 10. Effect of O.M.R. on urea removal in

dialysate fluid for A.T.M. system
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Recirculation 3} single pass 2] =% ¢] 73
v ;3] ®w single pass A] &®lo] BT} A
A w4 e] & g3kt recirculation 73 $-9} 2
< EAAE AA4Y = 1658 A extracell-
ular fluid ¢] 84% 57} 300mg/L=nz Hg
3} dialysate fluid 7} 165liters o]t} & recir-
culation 7-¢3.c} t} o oFe] dialysate fluid
7 2o Al J&E £ 7 Ytk

¥ Azds Ades A AR A&H%
9] extracellular fluid & tEV o} $¥E2& 77
16 4G/L, 238 4G/L & B AxEle] % f&
A FEJE AAANL 4 dFE & F 9
At

28k R o kAl s A A HAE
otmujole] eislA] O.MRo] & 2= ke
R

[e)
3 5
L.
=

e

8y
Fig 10 & & A28 ¢ 3Hald] 93t clearance
9 W 3lE extracellular fluid e §4%% &

B vepd 2ae)s,

6. 2 E

Fol & FAATE

I £ o7l A Aehg AgEld 8
1A & e, = 4k AR
HoE dAld fad dRYtE AAL 4
AeE &+ U
2. (TFAE A 84F FAHoz A
AZ g o, £ 49 A&xHd daide
urease 8] X7} 1.5unit/m/ 7} AL o
+ A9
3. Activatorsel] &3 urease ZH4 HAL
L 249 FE wEd FFYE 5 gtk
’%"ﬂ A58 Ed] = two compartment model
+ HA FFEH AEHA & A 7 AT
ALY A2de AGAE ¥y + e
=, O.M.R °1 8

1}
P

ﬁl%f“l%}% %°] % 34 e Al v &
AA el & A9 el sAHAT
Nomenclature
A : mass transfer area (cm?)
C : concentration (mg/L)
D : diffusive clearance of cellophane
membrane (L/min):
DA : diffusive clearance of A.T.M.
for urea (L/min)
DN : diffusive clearance of A.T.M.
for NH,* (L/min)
G : production rate of urea (mg/min})

K : mass transfer coefficient between
intracellular and extracellular fluid
(L/min)y
J . net flux (mg/cm?-min)
L, : hydraulic permeability

(m//cm? min cm Hg)

HWAHAK KONGHAK Vol. 18, No. 2, April, 198¢



P : permeability

90 S

(cm/min)

Ap . transmembrane pressure difference

(atm)
g : flow rate of extracellular fluid (L/min)
Qv : total amount of adsorbed ammonia
in the resin (mg)
R : gas constant
7 : effective reaction rate constant for
urea (min~1)
S : effective reaction rate constant for
NH,* production (min-1)
T : Kelvin temperature C°K)
¢ time (hour or min)
U : convective clearance (L/min)
V : volume (Liter)
Subscripts
B : blood bath
D : dialysate bath
e . extracellular
7 : intracellular
O : overall or initial
N . ammonium ion
s © solute
V . volume
Greek letters
Ar : osmotic pressure difference (cmHg)

o

w

Staverman reflection coefficient

: permeability coefficient
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