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Studies on Ferrokinetics and Copper Metabolism in Various Malignant Tumors
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Radioisotope Clinic, Seoul National University Hospital
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Anemia is a usual finding in advanced malignant diseases. Various mechanisms were reported as
to be involved in the development of anemia of this kind, and they may differ in individual cases.
Tumor anemias may be due, for instance, to chronic blood loss, shortened life span of the red blood
cells or a decreased hemopoiesis in the bone marrow.

The serum iron and copper levels, total iron binding capacity, apparent half survival of 3'Cr-labelled
red blood cells were measured along with the ferrokinetic studies using °Fe in 64 patients with various
malignant tumors.

Following were the results:

1. The serum iron levels were decreased in all cases. There existed no correlation between the
serum iron levels and the severity of the diseases.

2. The serum copper levels were increased, particularly in lung cancer, rectal cancer, hepatoma
and various sarcomas. There was also no correlation between the serum copper levels and the severity
of the diseases.

3. The serum iron levels appeared to be inversely proportional to the serum copper levels.

4. The total iron binding capacities were within normal limits in all cases. There were also no
correlations between the total iron binding capacities, serum iron levels and the severity of the diseases.

5. The patients could be classified according to the ferrokinetic patterns, namely, that of iron defi-
cfency anemia in 10 cases, that of refractory anemia in 6 cases, normalin 1 case and that of atypical
abnormal in 9 cases.

6. Apparent half survival time of 5!Cr-labelled red blood cells were definitely shortened in half of
the cases.
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Table 1. Clinical data of the materials
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2 4 F 0 -
3 26 M 0 -
4 63 M 0 -

5 62 M 0

Total| 64 M 41
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I; Breast cancer II; Lung cancer  IlI; Stomach cancer
IV; Malignant lymphoma V; Thyroid cancer VI; Rectal
cancer VII: Hepatoma VIIL; Sarcoma IX; Tongue cancer
X; Palate cancer X1; Nasopharyngeal cancer XII; Laryngeal
cancer XIII; Esophageal cancer XIV; Parotid cancer XV;
Skin ca XVI; Hypernephroma XVII; Bladder cancer XVII;
Metastatic cancer, primary site unknown. L.; Localized
to the primar ysite R.M.; Metastasis to the regional
lymphnodes. W.; Remocte metastasis (widespread)
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Table 2,

Serum iron & serum copper levels & TIBC in breast cancer

Blood pictures

Case No Sel;um_ l{S‘e ! SerunélCu TI%C
‘ Hb (gm/dl} | RBC(105/mm®) | WBC(/mm® (r/al | (r/db (r/dD
I 12.2 4,27 ‘ 8100 8.0 | 120.8 430.8
2 12.0 3.63 | 7800 89.7 \ 144.4 378.5
3 12.6 3.47 | 7450 65. 4 118.5 231.9
4 1.9 3.27 | 8350 613 | 9.3 417.3
5 9.6 3.82 } 8600 64.6 | 87.2 -
6 10.2 3.80 | 4750 5.3 | 114.2 —
7 12.9 439 | 4900 90.7 ’ 115.1 -
Mean 16 | 3.81 | o | 5.3 | 115.2 364.6
S.D. 119 | 041 | 1580 | 121 | 19.4 91.2
Table 3. Serum iron & copper levels & TIBC in lung cancer
— . ‘
Case No. Blood pictures Serux(ril Fe Serum Cu TIBC
. /8
Hb (gm/dl) |RBC (10°/mm®| WBC (/mm®) Cr/dD (r/dby Gr/dD
1 12.7 3.70 7900 63.5 238, 4 -
2 10.1 4.19 14050 79.3 134.6 -
3 12.8 3.95 7250 51.2 228, 4 322.5
4 12,0 4.36 7850 56.7 157.1 388.8
5 10.6 3,30 8800 53.3 189. 9 -
6 1.6 3.83 6050 153.3 97.4 -
7 13.0 3.46 5550 69.2 | 201. 6 262.8
| !
Mean | 1.8 | 582 | 8210 .2 | 179.6 34,7
sS.D. l L1z | 0.38 ] 2800 35.4 i 52.8 -
Table 4 Serum iron & copper levels & TIBC in stomach cancer
Case N Blood pictures Serum Fe Serum Cu TIEC
as 0. ,
Hb (gm/dl) \ REC (106/mm’)\ WBC (/mm®) Gr/db (r/db (r/dD
1l 1 1.8 | 3.84 5950 80.0 | 161.5 384.0
2 13.0 3.52 5900 74,7 182.1 350. 1
3 1.8 3.42 | 6050 120.5 150.0 364.3
4 105 | 3.22 | 14000 82.0 150. 0 —
5 1.8 ‘ 3,02 7950 87.4 145.3 —
6 12.8 | 3.46 5050 72.6 106. 4 —
Mean | 1o | 3.41 \ 7370 8.2 | 149.2 366. 1
sD. | 0.89 | 0.62 i 310 | 17.6 | 24.8 —
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Tabl 5. Serum iron & copper levels in malignant lymphoma
Blood pictures Serum Fe Serum Cu
Case No. - - (y/dD) CyrdD)
Hb (gm/dl) RBC (10%/mm?) WBC (/mm?®)
w1 6.9 2.97 11250 38.7 -
2 13.0 3.85 5050 73.2 91.8
3 12.2 3.75 6200 54.5 187.3
4 12.3 4,00 5650 90. 8 110. 2
5 11.8 3.56 4900 82.5 150. 1
6 10.5 3.33 8450 60. 2 —
{ Mean 11.1 3.57 6920 66.7 134.9
S.D. 2.21 0.38 2470 19.2 42.6
Table 6. Serum iron & copper levels & TIBC in thyroid cancer and rectum cancer
Case No ) Blood pictures Serum Fe Serug]x Cu TI%CII
| Hb (gm/d) |RBC (10%mm® | WBC (/mm?) (r/db Gr/dD (/b
Vi 1.5 375 7700 90. 6 85.1 222.6
2 11.2 3.87 6900 82.7 — —
3 10.9 3.98 5450 69. 8 134.2 195.3
4 11.2 4.00 5000 75.1 100.0 —
5 12.0 4.05 6700 97.2 84.6 455. 6
Mean 11.4 3.93 6350 | 8.1 | 101.0 291.2
S.D. 0. 42 0.12 0990 10.41 | 39.2 —
Vi1 12.0 3.71 5550 100.0 174.2 296. 1
2 1.5 3.76 5450 39.4 248.1 490, 8
3 12.8 3.87 4850 75.6 200.0 279.6
4 12.0 4,15 8150 715 216.7 —
Mean 12.1 39 | 6000 | 71.6 200.8 355.5
S.D. 0.54 0.20 | 100 | 24.8 30.9 —
Table 7. Serum iron & copper levels & TIBC in hepatoma & sarcoma
Case No Blood pictures Seru‘tﬁ Fe Seruréxl Cu TI/B;l%
: Hb (gm/dD) | RBC (10%/mm®)| WBC (/mm?®) (r/dD (r/dD @
VII i 12.0 3.52 7850 73.2 178.5 380.7
2 12.8 4.62 8050 66. 6 210.0 —
3 9.2 3.31 13500 55.4 180.7 320.4
4 11.9 4.10 9250 56.0 197.8 —
Mean 11.5 3.89 9660 62.8 191.8 350.5
S.D. 1.56 0.57 2220 8.63 10, 56 -~
VIiIii 13.0 3.19 6150 53.1 175.0 394.3
2 10.0 3.49 8850 39.8 231.6 263.7
3 11.2 3.78 10700 46.7 194.6
Mean 11.4 3.38 8570 46.5 200. 4 329.0




—Yong Kyu Kim: Studies on Ferrokinetics and Copper Metabolism in Various Malignant Tumors— 27

Table 8. Serum iron & copper levels & TIBC in tongue ca, palate ca, nasopharyngeal ca,

and laryngeal cancer

Case N l Blood pictures Serum Fe Serum Cu TI%C
ase 0. i /,
l Hb (gm/dD | RBC (105/mm*| WBC (/mm® (/b (r/dD (r/dD
X 1 10.4 3,40 6850 90. 0 - —
2 13.0 4.10 7550 125.3 117.2 —
3 1.9 3.90 10200 62.6 213.7 —
Mean \ 1.4 3.80 8200 92.6 165.5
X1 7.4 2.66 9800 88.6 157.3 ~
2 13.0 3.70 7400 145.5 — —
Mean | 10.2 3.18 8200 | 117.0 157.3 -
XI 1 10.1 3.68 5850 33.7 210.7 380.7
2 13.0 3.75 4550 105.8 — —
Mean l 1.5 3.72 [ 5200, ‘ 69.8 210.7 380.7
XII 1 12,5 3.6 10700 48.4 181.3 —
2 1.1 3. 65 4100 9.3 153.8 -
Mean | 1.8 | 3.76 \ 7400 ’ 69. 4 167.5 -
Table 9. Serum iron & copper levels & TIBC in esophageal ca, parotid ca, skin ca,
hypernephroma, bladder ca and metastatic ca
Case No Blood pictures Serum Fe Serum Cu TIBC
2 . 7/
Hb (gm/dl) | RBC (105/mm*| WBC (/mm® (r/db Gr/dD (r/dD
XIII | 122 | 3.6€ 5100 39.9 — -
2 11.0 3.5( 5650 816 — —
Mean ] 1.6 | 3.58 5380 60.8
XIV 1 ‘ 13.0 [ an | 5600 74,0 - —
XV 1 8.2 ‘ 3.08 11900 52,9 69.3 215.7
2 e | 3.80 7600 75.4 — —
3 13.0 | 3.70 5550 22.5 — —
Mean \ 10.7 ] 3.53 ] 8530 50,2 69.3 215.7
XVI1 | 9.2 | 3.0/ | 1750 150.7 | 138.4 276.3
XVII 1 1.4 \ 3.85 1010 72.9 \ 221.4 279.0
XVII 1 1.8 3.70 8950 87.3 — —
2 8.5 2.81 8500 38.4 124.6 326.7
3 13.0 3.89 10250 89.4 — —
4 11.6 3.71 5300 43.2 109.0 —
5 1.0 3.50 | 8100 | 42,3 — —
Mean 11.2 553 | 8250 | 64.6 16.8 | 326.7
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Fig. 2. Serum copper levels in various malignancies.
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Table 10. Serum iron & copper levels in various

extents of diseases

=P TIBC
| Fe(r/dn|Cutr/an|  {1BE
Localized tumor | Mean 68.1, 174.6 302.9
group | SD. | 284| 47.8

| (NZ1O[(N=20), (N=9)
Regional | Mean | 77.1| 143.0| 343.4
mnetastasis ‘! |
group L s.D. 28.2| 5L2

! (N=2D[(N=20)| (N=8)
Widespread | Mean | 745 16121 3329
group . SD. | o242 36.0

| (N=2D((N=1D|  (N=8)

N; case number

MEH 2 MBS B EE BIflel HEe
b s v )?TJFRE Bl RETARE S s s@w
sk 2ok ERESA BRsd dx fez [Eis
o} #%2ste] 2wl Table 104 el B) FEEFERAel uk
W= e RS miBR 2 A Il £4 68.1
+28.47/d1 2} 174, 6447, 8 y/dl FEFTHEL) 2k Bt
A B MES R Y FiHEE /K 77.1428.2
7/dl el 143,051 27/d] ¥ o} BERET @B/ U

AR IR

Serum Fe (¥/q1)

VIS e

Serum Cu  (¥/g) -
@. 2 coses

Fig. 3. Correlation of serum iron with serum copper
in various malignancies.

WoEe MEE 2 S FHfEr &4 74.5124.2r/d1
3k 161,236, 07/dl = £ Abololl & HETEHLE A
FI 2RS 24 g o) £ nFAEE BEA
&) EFEM™ thsle] BEESA #Binsle ek B
& mERMEe miEREe HEEEGAE 24 Fig. 344
B ake) gro) o] & Apolel & HEEPHoE HEM F
Zar AEEES 7hA 2 (r=0.245, 0.10>P>0,05) i1
A MBHEE Mk MRS 7Rz gk
m#Fe #AHSRE(TIBC)

25 il A HsESE TIBC f Table 2~9 6] 4 2% up
o} 7zeh, B SUAEEEUGDS TIBC 9 FHfEv 364.6
r/dl 93, 3419 MR Ee TIBC Fiflie 324.7 v/dl,
B2 3 el A& 366, 17/dl, FARERAE 3 Flel A& 291. 2
r/dl, EEE 3HlAE 355.57/dl, FFE 2faiAE
350, 57/dl, B 2 Bl A& 329.07/dl o] gt

O BMEE WY SEMNE E4EEEshd Table 103
e}, B EEEAIolat MRS el ole Meld TIBC &
Tl 302, 9r/dl @3 BFTHETN L BB e
Bl Ay 343, 4 p/dl e} FRREE @B o B
AT 332.0y/dl 24 ol el HER %EBEE T

otk = MERES 0 RGN S
b HBHGE ¥ 4 dnFie O,
Serum
Fe (¥/d1)
200 ] T T
r =0.05
n =25
F =00875
150 o
®
100 O
®
$ o2 °
L] ° [-3 o
50 e % °
L4 ° e o
!
ol— | ] i
100 z00 300 400 500
TIBC (¥/dl)
Fig. 4. Correlation of serum iron with TIBC in various
malignancies.

3. Ferrokinetics

LAETEMIE 26 flo] Z3te] ¥Fe & {#AE ferroki-
netic studies 2] FEF-= Table 11 3¢ 2o}, Bl MSE#HE %
s (P.LD.) Y Fifl 59, 1124, 2 min., MEEHLEHER
(P.1.T.) ¢ ZEHMEE 0, 7410, 42 mg/kg/day, FRIDEREF!
FAZE(R.C.LU.D S FigEE 50. 0124, 1% = Hmfddl 2l
e d¥e F¥ 6.2 Mgy, FRmEKEITER
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Table 11. Ferrokinetic data
Case . PIT RCIU RCIT RCIRD Serum Fe
Group| No. | PID (min.) | (g /kg/day) (mg/kg/day) (%) (r/dD)
(%) day* i
-5 2 0.88 4 8 0.38 0.47 53.3
6 55 1.47 22 6 0.32 0.13 153.3
IV—3 30 0.39 95 4 0.37 0.41 54,5
¢ 78 0.54 51 4 0.28 0.13 90.8
5 66 0.39 18 6 0.07 0.06 82.5
6 18 172 36 8 0.62 0.45 60.2
vV—s5 65 0.51 93 4 0.47 0.26 97.2
VII—4 45 0.44 65 8 0.29 0.22 56.0
VIII—3 35 1.14 86 8 0.98 0.39 46.7
4 50 0.57 94 5 0.53 0.30 47.6
IX—1 36 1.58 40 7 0.64 0.34 90, 0
2 129 0.42 54 6 0.23. 0.01 125.3
3 69 3.74 57 7 2.15 0.13 162.6
X—1 48 0.86 34 6 0.29 0.30 88.6
2 93 0.82 2 8 0.22 0.57 145.5
XI—2 93 0.42 10 5 0. 04 0.07 105.8
XII—1 42 0.71 23 6 0.16 0.74 48.4
2 52 0.96 61 8 0.58 0.32 90.3
XIII—1 39 0.69 49 6 0.34 0.16 39.9
2 9% 0.41 52 7 0.21 0.15 81.6
XIV—1 75 0.39 53 4 0.21 1.09 74.0
XV—2 51 1.01 33 4 0.34 0.13 75.4
3 55 0.15 78 6 0.11 0.10 22.5
XVIII—1 26 1.60 17 8 0.27 0.25 §7.3
4 71 112 33 6 0.37 0.15 43.2
5 63 0. 54 54 6 0.29 0.96 42.3
M 59.1 0.74 50.0 | 6.2 0.32 0.28 79.4
P 2.2 0.42 2.1 ] 1.4 0.16 0.08 35,07

*The day when Fe activity of erythrocyte reaches the maximum.

Table 12. Normal range of ferrokinetics
Authors ] PID (min.) PIT (mg/kg/day) RCIU (%) RCIT (mg/kg/day)

Huff et alt» 70~140090) 0.35~0, 45 0.22~0. 28
Wasserman et al’® 72~138(90)
Elmlinger et al'® 0.40~0. 45 0.21~0. 26
Weinstein et al®® 90 0.52 86
Giblett et al'® 101 0.45 78

%50 68—119(82) 0. 32~40. 53(0. 45) 78.9—82.1(80. 1D 0. 25~0, 42(0. 36)

w 80—120(100> 0. 45~0, 67(0. 55 80—87(83) 0. 39~0. 54(0.45)

F 45 96 0.45 92

( ) mean value

— 30—
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Table 13. Criteria of classification of ferrokinetic

data
PID <34 4 Markedly shortened
. 35~70 1 Slightly shortened
(min) >70 N Normal
PIT <0.32 1 Decreased
0.33~0.54] N Norma!
(mg/ke/d) >0.55 t Increased
RCIU <24% 4 Markedly decreased
. 25~T77% l Slightly decreased
(%) >78% N Normal
RCIT <0. 14 & Markedly decreased
0.15~0.22] | Slightly decreased
(mg/ke/d) ~093 | N | Normal

Table 14. Classification of the cases by the ferro-
kinetic data

P 1D[p I TRGIY Case No.
1 | vi—s
1| N | s, 1v—g
&
V| xvin—
N | N| 1ves
N | XL IX—s, X—1 VI,
, XIH—3 X111, XV—2
L V| 1m—e, Xm—1*
N | N | v—s, vII—4, XVII—S5
vy | v—s, xv—s3
t | N | xvio—
N | v, X2, X2, X101 —2,
N XIV-—1
4| x1—2

*Bleeding was present.

(R.C.LT.DY FHfl+= 0.3210.16 mg/kg/day, — B #ifi
B #F4ARRCLR.D)Y Fi5EE 0.2840.08%/day
v}

&¥e| ferrokinetics {HE {2 BETo| HWHEY EHE
(Table 12)& o = 3lo] E b FHO 2 o] 43
i HES 2w Table 14 o 2o}, Bl 8B Z A Mol
Agk zre]l PAID. 8 4 PLT. o 8y € RCLU,
R.CLT.7} IE% 7hE g HES 7R 10 FavV
—6, VII—3, II—5, IX—I1, IX—3, VIII—4, XI[—2,
X—1, XII—1, XV—2)o] g3, P.LD. & fG#Eslolo

U4 P.LT. 7} F&elx RCLU, RCILT 7 E&q 8
A BEEN A S EFIH-L ERel v Hiial fiksikutel
HWos e g Fe 4 HAV—3, V—5, VII—4, XVII
—5)e] gict, = P.LD. & @2 PILT. & EENR
27 f@amse 9 RCILU, RCLT. 7t #F ETS
o] 9 RS 3 FIXVIII-]1, H—6, XII—1Ddl A
2orch, gk PLD. 7t % % KE: EES 2 PLT.
¢ % BE R8sz R.CLU, R.CLT. 7} Bds el
A& B BERAA FiA] Fird BATREI] 64
AV—4, IX—2, X—2, XI[1—2, XIV—1, XI—2)gi gl =}
=g P.ILD.o &% P.LT.¢ 4 2 R.CLU, R.CLT.
o] ETFE Rol: Bol 24J(IV—5, XV—3)e] glox,
PLD. iE# HE & =g owA PLT.7F EF HE
e #Bins »elm R.CLU, RCLT. 7} E#QA B
ferrokinetics 7} ICEHBIER S SRS 1 FIEXVIII—4)
of i3y

4. SCrofl 3t Fbp$RBFRE(Apparent half

survinal time)

SCr 2 EHE AmERE FASY RORPHBEES
(apparent half survinal time)-& ZREEHEES115]A A
PlaEstg®l vk 2 BES Table 159 2wk, BI FRifEk
LB EEEEES B~31 H)®¢ Bale it
5 F(AV—1, VI—2, VII—2, VII-3, VIII—2)ej g = v}
v 6l AE 128 HE20 P HEDT 8fs &+
29t M.CL.& EFGEACN v A2 48]z v
WA 7 Flel e LT FAs A

Table 15. Apparent red cell half survival time and

mean red cell life span

Ty (day) MCL (day)
I—-2 12 23
II—1 13 26
1I—2 20 51
Iv—1 28 103**
VI—2 30 124
VII—2 29 113
VII—3 30 124
VIiI—2 25 79
XVIII—2 15 32
XVIII—3 12 23
Vi—1 13 26%*
M=20.6 M=65.7
0=7.8 g=42.1
Normal* 27.9+3.1 88.8+20.3

*Kim, W.Y.; The apparent half survival of erythrocytes
in various disease, Kor, J. Hematol 1 ;27. 1966.
** The bleeding was present.
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HFREEHEREBES Jehve Bme £RERe #H
—3FR] %22 A AT wlet ek BmBE
HEg el 42 (neoplastic process)olzli £3] ¢ X
= AMK LEEFRE]) Y EEMEESS BAe %
AR ENERAA EE fimel EeEE AL of
U BB H2tA e o8d rimBjEEe REgpos
Bt fI= glo] BHERl B 48 Rk
9 4FE U BHEARH vAe BEL BEd o5 %
B AAn ge] —~BMeR #elrl e WEEs &
Ere FEEEEE 64 flalA miEH 2 AMEE JEs
3. ferrokinetic studies ¢} FHMERZMAS BT} £6)
AR BmAR BRT BTeS SiEesd nge
v BRE @A Eilm EESENY B4
€ HEREC] FRsE Hfe vl nEREE B
BES BV R Rl ®mEAY ¥ M
THEME(103426, 78 r/dD* 8 o} F A ke {H(79.4+35.1
7/dDE m kel

Miller 4,2 Hh4s, 20 24,29 BEPE, 30 L@,
Demulder® %2 £MBHEEEHELY mMFERES BT
3t 25 MmiEAES] BOE HED ok deh o] M
BE WP BEAA Hsl Hadz i o+ BiE
o FRHEEH HEE KESE B nd BHid &8
e 3 4 gl 273 Heilmeyer 4,22 Laurell,3 Tot-
terman,® Morgensen® %2 KES £ Bdkime] @
= {EBMiEe] € 4 fod o5& 3 AmE R
33 ghgdeh, Miller,? Clark®%.2. EEEENA B
B2 EEo Y mFEREE Bt e @Bt &
#BYE T3 MFEHES BA7t oS ERsgdctbn shgl
2 EHY R BEE A8 5% =ER:
£ F i} (Table 10).

mEHEs MFHESE RE= EnERY &Y
FREE ARl BMEAY E¥ miEsHm27. 19+
11.91 7/dD®* 6l Hidlod 155.64:46.0 r/dl 2 Eins] o} )
gk, EEEAY MFREE mFSRE 2ol &Es o
< BERNE #HEET dov d=9 A ERaA K
By B REROEES 2o Eole AL Fam
_0,] $Eol ‘;]_. 19,23,37,38,40) EE'EP/?%, 20) Heilmeyer%’%) ?
%, 20 FHHE, 3 Totterman,?® Locke 4,37 Lahey 4,
BAFDG ksl B5ED FRBELBEEY OFREE:
25 e et oA mikme] E|inE kst
EBEE oM wos elEle 94 @k EEpe
£ Wilson Fpi§ol vt BiiEs 2ol Repo 2 489 Hifhol
Bm=e g EBES WS RE BRAA S99
st MiESRS HBINE 2o o Bl o)wl HEMS ol n

e 8 Adleh s mESs miEsmAelel M
fRrell Bshel = Lahey 43392 o] F#Alolol HEHRASRZT
avtz &g 32 Heilmeyer %,%® Cartwright 45,40 Mun-
ch-Peterson,*® Robinson'®%-2- MmiE#=} MR- HE
e BifRE A m dletm sEst vl EoEe R
= o] Wi = HIHe Btk 988 1 F3
o o} (Fig. 3).

MHESH-S MFA FRERES  transferrin o2l -
globulin o] B3t EREY &A1 RWER BEsx g
= v} transferrin -& EE MiFAC 0.24 J5Z 0.28 gm/
di ¢ EE= St olukdt B9 transferrin -2 & 300
ThE 3607 < HAEE 4 gernz EWA MR trans-
ferrin-& #5 1/38Ex fafi=lo] & Alolvh 1O mF
7 transferrin & 5E& 3l gaf0A 7] 710l Bl @ BA
MmiEY #45EHE (total iron binding capacity)-& EH
ol A 300,40 315 B 3590 r/dl 2 @& L KM
By MRS 22 AR BEZHAmdAE ol MiiFY
BBREAES BinE o BHIEE At 2 BERG
it REESAAE B gz e EHigE
Bel A MmyES fEEEEIE Bdde BEe
#A Ax ¥

EHEO BES vy 5l 291.2 r/dl J5E 366.17/d1
2 B EE B ARl kit EEEMER o
det. = MFEGES BESEEY) HARG HD
MatEr Bt 988 AAske dgo(Fig. 4.

MG 9l e A 8] ferrokinetic studiesol] [f3led
€ B |ELDSL ot g JRE vkelzre)
—&#Hd BRe £ 5 2 o gRe gy
4= o}, Bl P.LD. 7} £E#Esl3 R.CLU. ¢} R.CLT.7}
IEE T5%E Ehmste firt ol ol=1dt dsmilies Fuie
-2 Hifel BT RUEEFER ST F0e FA3,
% Bateman®D-g- ferrokinetics @ TIBC & E# HE &
THX FEREEM] A2 2o} i JEHmit
FElECl A= AEEG BIERS ZEGA &S 4 dv
2 sy eh. 22l Price 92 o] FEEY HmkkaeEEE
£ =4 BRE G0 @B EREsE AL oy
gha g, FHEIL SEEMEES 26 flol A #Fe & (HH
%t ferrokinetic studies & $HEFE (Table 1DE o8 W
2E T EFME(Table 12)2 2#sld Table 135+ 7
2 FEEL R B SHHiste] R gkel(Table 14).

B BEIES S MV o RES) SEEsE BBl
ARA7kA FH o = ol Bagal mokel, Bl 2 Ho
ML PILD.Y S P.LT. & 8 g RCLU, RCILT.
o LS Bele HoRA oy HETHAm B
BEERE 2o Fglow olffd Belv EfE 104
(VIIL—3, II—5, IvV—6, IX—1, IX—3, X—1, VIII—
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I MESEES B

#ame PLD.Y 8, PLT.= EE HE s
i R.CLU.,, RCLT.Y TE Jeh &= oA
BEE KT B AT Fifel & el A Mg
sy W AW FEE 3 H(XVII-], II-6, XII
—Dol A s o

Home PLD.Y fHiH PLT.Y B4 RCILU. %
R.CLT.Y 'FE Rolye FiHls 2HAV—5, XV—
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Nathan %, '® Hyman, © Miller %4,  Sheets £%.2. 7
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