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Effect of Dissolved Organic Matter on the Behavior
of Radiocobalt in Seawater.

Yuichiro KIMURA and Yoshihide HONDA

(Received Sept. 21, 1976)

As a series of studies on the behavior of radionuclides in seawater, the interaction
of radiocobalt with some amino acids such as glycine, alanine and aspartic acid was
investigated by means of adsorption on Chelex-100 as a chelating resin, solvent extrac-
tion with dithizone and Sephadex gel filtration chromatography. The results were
compared with those of the experiments which radiocobalt in CoCly was spiked into
fresh or old chlorella culture filtrates, fishpond seawater and offshore seawater.

The distribution coefficient (Kd) values for 60Co in the Chelex-100 resin in the sea-
water containing dissolved organic matter decreased with ageing time and reached an
equilibrium state in about 20 days.

The Kd value at equilibrium in old chlorella culture filtrate was much smaller than
that in the presence of the amino acids. On the other hand, the change of Kd values
for 6Co in fresh chlorella culture filtrate, fishpond seawater and offshore seawater was
similar to that in the control seawater which was free from organic matter.

The percentage of the extraction of cobalt with dithizone in carbon tetrachloride in
the presence of the amino acids decreased with ageing time and gradually trended
toward equilibrium. Although alanine and aspartic acid showed a similar interfering
tendency in both adsorption on Chelex-100 resin and dithizone extraction, glycine
inhibited dithizone extraction more than adsorption on Chelex-100 resin.

Cobalt in the control seawater was extracted more than 979 in 36 days ageing time,
and the percentages of extraction of cobalt in fresh chlorella culture filtrate, fishpond
seawater and offshore seawater were also similar to that in the control seawater.

From the fractionation of cobalt by Sephadex G-10 gel filtration chromatography, the
higher molecular fractions of 6Co in the presence of dissolved organic matter were
detected after several days ageing and then increased together with decreasing in the
lower molecular species.
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Table 1 Chemical composition of the artificial seawater

according to Lyman and Fleming.1®

Composition Concentration (g/1)

NaCl 23. 5

MgCly « 6 H, O 10. 6

Nag SOy « 10H; O* 8 9

CaClz + 6H2 O 2.18

KCl 0. 66

NaHCOg* 0.19

KBr 0.10

H3 BOs 0. 026

NaF 0. 003

SrCl 0. 024

* Separately dissolved and then added to the remaining

solution.
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Table 2 Chelex-100 resin
(Bio-Rad Laboratories)

Sodium form

|
/CHg—C—~O-Na+

—N
\CHz—(|3—O—Na+
|
0

R : Copolymer matrix
(Styrene-divinylbenzene lattice)

Actual wet mesh range : 100~200 (U.S.std.)
Total capacity (nominal) :

0.6 mM (Cu(NHs)st2/ml resin bed in

sodium form)
Determined exchange capacity :

3.0+0.1 meq Co2t/g resin in sodium form
Probable metal-resin structure :

(H. Loewenschuss et al. (1964))

/CHCO0™
R— \ _/M n-3
CH,COO

M : metal ion

L : additional ligand to which the
metal is bound in the resin
phase

n : coordination number of the
metal

1ml (?’ib‘églf 0. 32g) EMA, fs‘r]‘ﬂ‘é“\@&é%/\ v
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MZ, SS5IHEAKTIEml /R L7, chicoF
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Sample (seawater 5ml)

!
|
|

add 1ml of 5.839 (w/v)sodium citrate
solution,

dilute to 15m! with distilled water,

i transfer the solution to a separatory

| funnel after short interval,

add 10ml of reagent solution*,

. shake for 30 minutes,

Organic phase

{Co(HDz)]) in CCly

Aqueous phase (Repeat 3 times extraction)

Measurement of 6Co in 1ml of

aqueous phase

* Reagent solution :

Dissolve 0.05g of dithizone in 100ml of

carbon tetrachloride

Fig.1
carbon tetrachloride
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® : Macromolecule

- : Micromolecule

© - Gel particle

Fig. 2 Schematic representation of
gel filtration by Sephadex

Extraction of 60Co in seawater with dithizone into
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Mariotte flask
Filtered
artificial
sea water

3—ways valve

I Sephades

G-10gel bed

h—Column

(158 9liom)

To fraction collector

L- -

Fig. 3 Arrangement of gel-filtration column
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Fundamental consideration on gel filtration chromatography

Vip
Vi

Ka:
Vi :
Vip:

Ve:
Vo :

Ka =

2) Ve=Vo-KaVi

Distribution coefficient
Total internal volume of gel phase
Partial internal volume of gel phase

Effluent volume of a solute
Total volume of interphase among gel

particles

Vet — V,

KqS
Veg

VeB.D.:

V THO ;

Arbitrary unit

Ka=0

Ve — VB-D.
Ko = Vi = "V'e':HO__VeB.u.

: Distribution coefficient of a solute
. Effluent volume of a solute

Effluent volume of Blue Dextran
Effluent volume of tritiated water

Ve ' T

(THO)

(BD) ) !

BD. g

Ves' |

.

| Ve

THO {; H
I

LN T

Effluent volume (ml)

not penetrable into gel particle

0<Kq<1: partially penetrable into gel particle

Ka=1
Ka>1

completely penetrable into gel particle
adsorption effect occurred
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Adsorption

100
90
80)
0
60
- —o— Scawater+"Co lcontrol)
50 o— Seawater lo leontrol )
—o— Scawater+ glyeine (S0mg. 1, 1. 1sx10' %
0 L —A— SQeawater+uaspartic acid (50mg l,15471$X]()')I}‘#;"(:0
—Xx— Scawater+ alanine (50my l,S.liIXll')‘.\l\#“(Jo
—e— Chlorella culture filtrate Jold)<7Cy
30
20
10 +
T N L 0 i 1 1
01 3 5 7 10 1t 20 27 36

Elapsed time (days)

Fig. 4 Adsorption of 6Co on Chelex-100 resin

Hnore—%—g o, o 'y Py —

(%)

Adsorption

—=— Offshore seawater+%'Co
o Sl
—— Fishpond scawater+ Co

90 —— Chlorella culure filtrate (fresh)+“Co

[

01 3 5 7 10 15 21 28
Flapsed time  (Dayvs)

Fig. 5 Adsorption of €Co on Chelex-100 resin
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(Kd)

Distribution Coefficient
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< L —
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—x— Seawater +alanine (30mg/1, 3.61><1(7>'1A\I)+ *Co

—e— Chlorella culture filtrate {(old’ + 8Ca

L

01 3 5 7 10 15

Fig. 6

21 28 36

Elapsed time (Days)

Change of Kd value of €Co on Chelex-100

resin as a function of time
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—a—Offshore seawater+ " Co
—a—ishpond seawater+"Co
. . 2 A 0
—o— Chlorella culture filtrate (frt'sh)'*y(,o
Sk
3 L
Z10

T A B Tt S e o R

1 3 5 7 10 15 21 2.8 .“}Iﬁ
Elapsed time (Days)
Fig. 7 Change of Kd value of 8Co on Chelex-100
resin as a function of time

Table 4 Interfering effect of amino acids on the adsorption
and extraction of radiocobalt in seawater

(Affer 36 days ageing)

Adsorption on Chelex-100 Extraction with dithizone
Amino acid (%) %)
Retained i Not retained Extracted Not extracted
S .
. 2.8 . :
(control) 97.2 97.5 2.5
Glycine
4485 104 M 85.5 14.5 51.4 48.6
Alanine | *?*7 o
5 61 %104 M 54.1 45.9 ; 55.7 4.3
Aspartic acid |
3 76 104 M 72.0 28.0 74.9 25.1
GEEBDIE P T, INSWUEERA LTS v b ElKPIAES

BRI UGB L P DSEEIC DN TH L

3-8 Sephadex G-10 ¥/ 5@ A7 +T57 4 B/ S5 T 4 ICk TR LRI Fig.

12 & B1E 10 1R T EBDTH 2.
BFEBVHR, TRL LS FOKRE SOIITHN it CA) BIEEDE (BEPE) LLTtzheEn
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1001' o o .
o — o o o
—o— Scawater + "Co
, NPT
—a— Seawater + glyeine (30mg/1, 1. 18X 107 M)+ Co
T - 60 .
0 P Scawater 4+ alanine (50111;,’/1.S.GleUl.\l)-F(,O

PSS 50
—o— Seawater + aspartic acid (50mg/1, 3.76 X 10 M)+ Co

30

=
=

% Scparated from the seawater

2

A

01 357 10 15 21 28 36
Elapsed time (Days)

Fig. 8 Extraction of ®#Co with dithizone in carbon tetrachloride

l W
—=—Offshore seawater+%Co

—— Fishpond seawater + "'Co

% Separated from the seawa

95|
—e—Chlorella culture filtrate (fresh)+ %Co
01 3 57 10 15 21 28 36

Elapsed time (Days)

Fig. 9 Extraction of 6Co with dithizone in carbon tetrachloride
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Table 5 Fractionation of radiocobalt in seawater by Sephadex
G-10gel chromatography
Column size : 15¢ x 900 mm
Flow rate :20ml/hr
Glycine Alanine Aspartic acid
Control 4.48% 104M 5. 61 x 10-4M 3.76 x 10-4M
Ageing ! Ageing I Ageing] L Ageing o
time | Kd {Rec‘;‘fgfy time | Kd Re‘z‘;)’g”y time | Kd |RECOVETY time  Kd lRe(C%ery
(days)| | ) (days)! | B) | (days)  (days) (B
2 ! 1 0.3 0.9 1 ! 0.4° 1.6
10| 93.8 11, 845 10| 86.9 10 86
R | - Sl e bl
4 ! 3 0.3 4.2 3 4 0.3/ 5.2
1.0, 98.0 1.0, 842 1.0] 89.6 1.0 8.2
8 7 |02 89 7 | 03| 105 8 | 0.3 68
10! 9.7 10| 737 10| 728 Lo w3
1 0 | 02 153 | 10 | 03| 140 . 11 | 03 86
11, 9.3 1.0 557 10| 630 11 60.0
18 | 17 | 031 19.9 17 | 03] 13.1 18 | 03 104
1.1 932 1.2 50.5 1.o| 7.5 L2 659
s 24 | 02 26 | 24 | 03| 21 ' 2 | 03 1.0
1.0 9.5 1.0 422 1.o| =8 1.2 6.8
32 31 | 02| 274 8 03] 0 32 | 03 126
L0 947 12! 40,9 10| 480 L1 629
39 8 | 02 292 | 4 |03 242 | 39 03 151
Lol 921 | 12| 50.6 10| 604 1.2 57.3
Standard deviation of Kd value : +0.1
Standard deviation of Recovery : <10%
Btz ATiiEKicEin L7z Blue dextran (2] F B.D. HETHED L

EWE), bUFvaK (LT THO E¥9) BRI
BTI/B (TRNFEVE, )Yy, TF=V)
DIEELT AR LIt D DTH 5,

B.D. 5k THO gt OMRIZZNZ Ny
ST GLE 620nm) ik 2 WIREORIE,
BIUBKRY YFLr—y 3 vAY v E—ic X BRIEI
K0T ot, ThTI/BOWRIT=VvE FY vk
[P RIYRRANPY AN

Table 5 Z2hZFhDFEKD 80Co DIFEEELZ4%
Reicil~, FomEo Kd fi & &b iz olliRER
L7z:dDTH B,

ATiEKIC 9Co DA% AT AN TIL ageing
CEBDRITARBBEAERD SN -72hS, Th
L o_7 I /BERINLEKICBN TR, #EE
BT E B > TRHBOD 60Co £ v &/h &0 Kd 5D
60Co D HAERD b, T DORINHIAIZHRLITIEmML
T3 Ehn5B,

BBENRIT VA 5 siTinA e ©Co DMt
fEICHT 2RI 7 7 72 5 v 0Co DiEED

F7: Fig. 10(B) iz 39 A% D K4KD 9Co D
BEATR 2R L,

ZOR»Ldbh3 LS ITHRBicBNTE 0Co o
B — 7 BE—Th -7, =57 I /BOEIET
BEATIRZENENDT 3 /B L I2IZE UIABEME IC
g h g 80Co D~ 7 DEEBED S,

TN DR OF 4 DIFERHET b B
YV, T E=VEBIXUOTRNSEVEBEEAS LR
B, b SN D DARRG M & IR T TR
BB NV EDNTFH A XDOMEICE > THHINEC
DRI NI,

Teble 6 @Ak, HABEKBIUHE 7 o
UV IBERAKRIC R4 7 L1z 0Co DISHERAEE T
NIHRTH 5,

INHEKIEBOTIIHB EIZIZTR U 02 — V&R
L, ageing iIC&dRHIFEMIBITLALTDONID
-1z (Fig. 11),

DT EBTNLHKPOBEIFEBRMERIDI AL
HEEHEBEI SV MPERINE L 12D ERD
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Counting rate

(cpm/ml)

Counting rate

(cpm/m_l )

13.

(1976)

(B.D,)

—0— Blue Dextran (B.D.)
—®— Aspartic acid

—&— Glycine

B —&— Alanine
é —a— ¢, (inorganic form)
; —e-—TTritiated water (THO)
0 A0 100 150
Effluent volume (ml)
Control ’/"‘; 300k Glycine
800¢ 39 days ageing E 39 days ageing
B
Lo 8
400+ 3 400+
s
B
I 5
3
L O
\{; ) " 2 X " A I L i ) I3
0 50 100 150 0 50 100 150
Effluent volume (ml) Effluent volume (ml)
1000 ¢
Alanine = Aspartic acid
. . = 800F - :
38 days ageing E 39 davs ageing
a
=
5001 3;3
= 4001
=0
g L
=]
)
_e i 1 s i _( 1 . s |
050 106 150 0 50 100 150
I fflunet volume (ml) Iffiuent volume :ml)

Fig. 10

Fractionation of 8Co by gel filtration chromatography
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Fractaionation of radiocobalt in seawater

by Sephadex G- 10gel chromatography
Column size : 15¢ x 900 mm

Flow rate :20ml/hr
Offshore seawater Fishpond seawater ka;{%raetléa (‘f:;lel;ﬁge
j?irgnee}ng Kd ‘ Reg;very"r érgneeing Kd ’ Recovei‘y érgr;seing Kd Recovery
(days) %) | (days) | | (days) )
2 | 10 %5 1 1.0 | 8.1 1 1o | 931
4 | 1o 1076 | 3 | Lo 91 3 | L0 | 95
7 | 1o o6 8 | 10| 71| 7| 10| o2
0 | L0 %0 ! 11 | L1 | 936 10 | 11| 907
17 | 11 e40 | 18 | L1 036 17 | L2 | ez
25 | L1 92| |11 oo 4 | L2 | 905
31 | L0 msi 31 Lo | s a1 | L2 | o33
® | L1 84 | ® | 10 85 % | L2 .3
Standard deviation of Kd value : +£0.1

Standard deviation of Recovery :<{10%
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= 10007 Z1oonr o filorate  {fresh)
:i 38 days ageing 5 3% davs ageing = S8 davs ageing
E 500 ? S00f ’(\ 5 So0p
£ z z 2
(o}
. . o . e Yy
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Effluent volume {ml) Effluent volume (ml) Effluent volume (ml}
Fig. 11 Fractionation of 6Co by gel filtration chromatography
na, Chelex-100 el #H I N2 DIRM LT V. B HGHK
B s M2 0.6 BB INDKEIITHS L
HLTna,
4. = % .

Hpkrhoarov b (I 8% Lb— MR A & V350
#ifg (Chelex-100) icEEMICKE T 5T &3,
Callahan, C. M. 5, Lai, M. G. 5%, Goya, H.
A 5W XY Riley, J. P19 gk b shTo
%3, Callahan 512 iifgkiciihn Uiclict = -3
N hHiEDageing & & i Chelex-100 ~DKIFHR
MWEFTECEERBL, £1id%45 Co(W) Dffl
ek Bb0THD, TOBMFELTRT I /B
DX S IBHEELHICHR T IERIMERTHH S &
#5k LT B, %/ Lowman 5 idipkfic A
L7z CoCly JED 4 & VB st sptfk as< b 1391 %28

AROERITENTHEBRYEOHAL LISOEIZ
BT, 36 BOMMZEZEL T, Hpkdo #Co %
BIEERMNCRSG LI, LMLT I /VBOEET 2H
KEBLXCRETT v 7 b /ERAK T T #Co
dDChelex-100 ~OEHRIT ageing BN & & & ICH
AU, R TVHANCGET @IS SR (Fig. 4,
Fig. 6),

Table 2 |z Loewenschuss 510z X DIREINT
1% Chelex-100 L& 4 4 ¥ & DF L— b KD
%R L7z, Chelex-100 3k hOFESM A 4 ~
<% 3 Nat, K+, Cazr, Mg2+ k¢ Cu, Co 75&
ORELFBICH UTHERIRMEMSD D, FrB—KkMA44 v
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DHIE 5SS BTMOEALHIK S BT 2 TREIEATUR &
NTW2, TEHLBRATRT & 3 EEUSBELRE
BNTN 3,

M+ L == ML

ML + R == MLR

LT, MBBEKPOLEA A4 v, LEHEHOR
Py, ML Z&BEMESA, R+ v— FEREE
MLREZF v— MEg: S AKX SRBENNATH 2,

L LIS, £B44 B EDTA 32020
KOO KX S EESMERAMT SEAEER LT I8N
I3 % DFORE X EERDOIEBFERIEDIDICF
v MERBIRICHEA LIt e EsiE s hTe
516)0

LSEOEBRICBNTET 7=V, TAF¥ UL
KSCRET 7 v 7 vEBRARPICEEN DGR
B8 50 Ui 2w M ERIR Co-glycinate o & 5
738k & D $ Chelex-100 i S iz e &5
Y oit, —HIRERBYREE ST EOERRAKDD
a3 MZENTH Chelex-100 NDFEER DIETF
BEHoNIHS, THIRERNDM: S 20 IBRREDN
KAERBIC L 2 dTHA D b 219 (Fig.
6),

%7 HRIKIEE I B T 8Co o Chelex-100 ~
DR EFEBOSHRE D KX IEER LA DN TIE
R U7 HARIEK B OGRS O BIE BT 78
S>THWREHODT, TORRIZASH TR, VY
YOXDIWIERET I /BOFATRMLOT I /&
RIZDM A A HEIREN D 2,50 + O EIREAST
BIORERBEERLIZEVIBROYDHEE S H D
DT, ZDOEH>RYEDHEAIEE Licohbbinis
\» (Fig. 6, Fig. 7),

itikdr 60Co @ ageing icfE> U F/ v « PUlkifbiK
FamEic L 20MRICB N TR, BRMEEAER
WHBOEA, 60Co iHizIFEBMicH!l Ihicoicst
LT 7V, T73=VvBRUTRIF UREZ
NENGLRAKICBOTERMINSEERIIFNE &b
ETF Lk (Fig. 8),

Lowman 5V & F/ckiZkthd V. By BdfT#E = v
FMROFV o AL T L3 %ol AN BT E
B o7eDITHLTA ZF B a,sn b 1397 %Hih
HEnrc EE2HE LTV 5,

KR D 2,90 + OFEBEHNILICRIET 7 3/ RO#
BIIasv 44 4TI /8D A0ERILICERT
BEHEAI E D F L— FAREBOKRM XD S
2bpEEDbN D,

kD s b @ Chelex-100 N E B LY
FUYREBMBICRIBTET I /BORBELEL
THBE, TI7I=VvBRUOT R 5 F VEEOFEHETIT
Chelex-100 ~DEE R SN ¥ F v/ v Hl THEIBER
FREER LI LT, 7Y Y Y DEATRYFY
YR OEICH~T, Chelex-100 N EAS
D otc, CHODERIZa v (D) &73/
Bl VTV v & otikLEEER (log KiKe: 7
ARGE VSTV ZT I vSUFY )0
MOIANNE T I/ BEHRD T asn b I F Y
HHAL DO RETHDZC EickBEEDIC, BICER
Lz dizarsn b —4 Y v v—Chelex-100 (MLR
TARENG) $HERDEROTEENICX 2 bDEEbN
R

PIE Chelex-100 ~OEHFERE LTI F/ vick
DN EROBERIL, WTIhdT I/ BBLU2
DI DR ERDEOGEN (RIET 7 v 7 b V&S
) FTTHERINHERE L b DSBE—KFIA & v
JEHBOITMBED vt &2 OYFR(LENEE R
RHETEERLTNE, 2L TCNODOEREI L
b OERRIUS RN <, REEASY 15°C, kil
RDOEMTHEHRRE 152 DITH208 H B0 izE b
LoBMAEEL.,

Fukai 519(3a,xv @ EDTA Ik B2+ L~ }E
RIS D HE KDL S I RERE IR IcBNT
12, a,svbBX EDTA Qiprick =L (kET S
&, 2L THRBKDICE D TEEDOERITEN 2
29U b DF b= b ARSI EIGER S OB E LR ol
C D155 RE—K, FIAILERN TR D0IEE
R ENEA LS GNTET IR N R LTO
5705, FELORRERO O EEZLF LTS,

PAABIBICHER LIce 7 » 7y 7 RZELOEK
PEEET 270, ThEKITDT B E—EREDKE
FHELTERL —EEGCOMBBEER >y V5T
X, LWDHWABBT5AD0EH (molecular sieving
effect) (c L 2EDABHESTHE LTSS

ST-3B0HREFDOEDICE DHMER, 75 ARD
HEIATRINT 2 DICHBEIFIEORD A 7 AR O v
AEREDARLTTLENS CETH B,

#15 athDkIZ2ODEP T8 L internal
water (FEEHl) & external water (F3&hiH) &H
S5, £ LTH 7 oaROPTOWHNL, choEE
HEBEE & ootk (Kd) 1iEEkRd 2,

AFERICE Y 2 ABEE (KD 20 TEALTH S
&, AR WVHTNITHLR T SISO EHEHTT &
LT Blue Dekstran (4}7-& : 2,000,000) %, 7%



FUISERIT WHTFRICILBE LT db0ELTHY
Fu sk (BFE20) ERVDC EICK > THEEN
mreheh Kd=0 ko Kd=1 & U7,
ZLTIHREERHITE LTERALEET I /B (7
VY, T7=vRLBIRT R FF VER) o Kdif
BOLKILI Thotez EdbhobnT I/ BIZ
B ABES VTR UTHL SN b 0 EBb
ns (Fig. 10),

fkehics iy 3 0Co LiAERBIMITESES L
HERED v+ A XD ESFOEBEI L FH D0
B —kFA & VTED s h YT B 12 Se-
phadex G-10 # 7 Llick 3 A/ a< 757
11tk 5T Co DB iE DEALERIFITITHET L
TeiEE, WRICHO TIIRRKFHNELBIZLAZHY S
NIh 57205 Fhict UTEEARIE L LTT 3
VAR GATOBEKICBNTRN2 —3 BMEBET
SRR B IZB—KFIA A v 0Co XD &5
Fo 0Co DEAEMED LN, BROBBICE-TE
OENESH 2T Lz, b OfERIE #Co
PIEGET I /BERA LEBEL LTEET AT &
ARTEDTHIEEBII VABI = N5 7T
— itk s TCNSEED T D L b ip ST
o L Tx (Fig. 10),

L, A7 2B TORERRICEDELDL
MBSFEOEAET 3T bR o (Table 5),
etk BEREEBKELIUTRE 0 LI ERAK
thiz z2,e4 7 L1z 80Co DEHERREZ T~/ RE R T,
CNOHEKICE D TRAREFEZRL 4 — &R
L, ageing iItfEHY BB EAEHD ONE Mo,
IOz RN SBEKTOEEERMHABYLELE
ERABEa OV R ER ST s b D LB bR
5,

5, E B

HKRICB A IEFEERYE L 9Co & OMEIER
ZHOMITT B0, BEEHHE & UTHEKPICE
FRBRINB SV Yy, TI3=2vBLUTRANTEF Y
BiaEor /e 0Co LoMEERICDNTH L
— FEFMIETH 2 Chelex-100 ~DkZE, TFV
Voo EALRBICK BRI BER SIS v BB 2
e b7 4 RESTRATZEEDIC, HRIK
thic ¢4 7 Utz 60Co pBH) & issiaat L,
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TR FIRTF T AT

SARBIBNTIE ©Co |3 36 B EAEEBELT, 1F
TESMIRE 3N LT, 7Yy Y (4.5
104M), 797 F /B (3.8x10 M) BLUT 7
=v (5.6 x10*M) 2hEhatrBKicE T}
ageing (tff 5T 8Co DRFRIIE T L, LTS
VY Yy BIE TR F VBOEALETIZFA20 BB L
#13 °Co DWIFRIZITFHICGE L, ThThRo
WWeIUBIUV TTHTH 10T 7=V DENTIIIO
HEITRAL, 36 HETHBOHE%TH -1,

BEEBKWI Y ABBELLROEN /e LT EEA
TR T 0Co DRFEROWWIIE Ld o7z,

FER 77 v o b yERAW, BEEEK GG

Kiz 8Co % x84 7 Uiz K TIISEERGE D
BNy, RBEENH LN -1,
(2) VFV Y MG RAREERBIECEO T,
G EBIEE 550 R TIE 36 B 0@ %0
UTCRIEZEENICH INcDOIELT, £7 3 /1%
ZRTLEKICBOTEFERE & b sl RERES L,
158 B TRR 4 ICHENICGET 2 @SS Shi,
BBBETI ) Y yOEALTIIBOKA%, T =
DEFEATIZ60%, TANTHF VBROIEAETIRE TS
%TH -7,

FEET 7 v o b UHERDE, WEBHERKEB IS
fKkthic x4 7 Lz 90Co miEiiH B OsR T,
B1iC @ Chelex-100 ~DWFE DA LRI, TR
BHBEBEAEEZLZHD LT ENTELE 5T
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b5 7 410k 5T 90Co DIREELE DEEILE R
iRt L7 R, STRBICE O TIIRIBMNEIZIZ LA
EEDONE D o728, FRRKUTAET I /8%
AATODERKICBNTIZH2~3RERE TlRkED
BNk F D 80Co LV & EDFD 8Co
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AR AT LT,

UL, AR BAGIHEKBIUHE/ oL s
BB AT A, o4 7 Uiz 60Co DiSMRIER F~ /-
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— &R, ageing I B(IBRLAERED SN
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%D+ AW ORI SRR ERRD 49 EBE, 50 48
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