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BB EFFRT B), D2OKE, HEOBIZOWT
SHU T2, RICERE R V7D IEWASSERMAN 5,39
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NEWREBZELIEBETEHIEEHRTS720TH
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Table 1. Recovery Test of Strontium by the Fuming Nitric Acid Method (Without Bone Ash)

I I n v v Vi il
SrClg+6HsO (mg) 198.44 183.36 93.00 101.10 131.45 . 43.62 83.10
CaHPO,-2H:0 (g) 50.00 50.00 50.00 50.00 30.00 30.00 20.00
Sr (mg) 161.74  131.50 -67.87 83.63 98.07 33.92 62.12
Recovery (%) 102.7 90.4 92.0 95.7 93.5 98.0 94.3

Table 2. Recovery Test of Strontium by the Fuming
Nitric Acid Method (With Bone Ash)

Table 3. Average Strontium to Calcium Ratio in
Bone Ash of Cattle by Location

I | i 1] v
Bone ash (g) 50.0 50.0 50.0 50.0
SrCly - 6H,0(mg) — —  92.94 33.06
Sr (mg) 63.39 67.20 94.20 75.04
Recovery (%) — — 94.0 96.8

3. OSr DLyET

REREED # A/ BEEEEEBIRT OB
BRI EESRBCLD. EBEBROKEL
Table 1, 2 17579, Table 1 {3TFK% 1 Sr &
L LT StCly« 6H,O %, Ca jE& LT CaHPO, .
2H,0 # Vv, IhbHE2KICENLUHBEMZZD
DIZDNTHFBEV Tln o 1o ERTHD. Table 2
X Ca JH& LT Carrier # W BIRE VG E
T, BIK 200g 2 BRI E LR, KEMZT
200ml & L, Zh#x 4%y LTI 11213 Carrier
#inzd, I, IViZiE SrCly - 6HO %3 D5@ Y
272D DITDTITIR o 72 T NDOHFE S RN
RBINERRETHDN, 7B 802 st EIN
RLMVBLNRNEELDH Y, Licho TREDS
AHETEZEELNSLDEITHTEL VEL, 7
BHBELBEOELAKLWDH DI data 25T
7z,

4. 9Sr DEE

SSr TEFHADE N G ERA D ERIZIZIZE A E
RNEEZBNDH, —RIEFZONT Y D3
LE YT EITS, BSr 2 LBRLANGEAEEZDD
g, ¥SrizE% % Count MO H2HELH » 72
PEEZEOHFEANTH Y, *Srixisvbo e LT
Y O F v I3 Tieblch o 7o,

FHEEEHE: 2 B L L BGE L THCHSPAIZE L 72
BEFRIL 7o, HIEIOERHE G-M Counter (EHRFHY
Model 1000) # Fv, G-M &1IZEDE X 2 mg/cm?,

Number
location of Sr/1000 Ca Range
samples | |
Tokyo 16 0.28+0.09% 0.15~0.56
Hokkaido 10 0.28+0.09 | 0.12~0.31
Yamagata 15 0.46+0.27 | 0.13~1.01
Miyagi 15 0.494+0.19 | 0.14~0.82
Niigata 8 0.314+0.05 | 0.22~0.44
Gunma 3 0.32+0.02 | 0.29~0.34
Shizuoka 1 0.26
Hyogo 1 0.20
Shimane 5 0.3140.07 | 0.21~0.40
Fukuoka 20 0.314£0.10 | 0.13~0.52
Kagoshima 14 0.294+0.17 | 0.13~0.70
Total average 0.34

* The standard deviation of the mean value

PERE 10mm  TEE, BEEEEETH 7 OFHIRERT L
30~60 4y & U7z, HBAFEHEFRNIER KCI 500mg
F7ATEE L ETFIERT & Y BLAR S 7oA UsO, (500
dps) &7z UsOs 12D T IR D IE 2
FTls 572, 1382 T Low-Background Counter 73
SEE L 7cie®d, BRI IZE Yz 7z, Counter |
IR, TS IS TREERT L VAT
L7:Q # =, e Count o Mgy % \ atk
12104y, A 7eERkHT 20~30 4y, 1 SROFHAN
2 [EBL EfT7eN, B8 2% DD DD REAL 2.

AN X R BE BRI EAT & VEIE % 5 1 7o
# NSy (IN HCI 578 THE PR 96304+1.5%%
dps/ml (25°C) DH D) #FIKRL, 1954 £4 A1
£ 110.7 dps/ml D HDIZDONWT, HEBOEES EH
RRZHEEIEL TR/ Sr*(COs): DI % iV 2. %
=kl St(NOg)e Dk Sr(COy). DyhE %
HE L, FRUIE CEEBIROFIE 2778 - 7o,

5. Sr-Ca RDEHE
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Sr/Ca 13 Ca 1000 EFZH T % St DEFHD
M, %8r/Ca 3 Ca lg YD %Sr D puc #H (Sr
D Thbb i, ZEERE OBE L 015
Sz dpm @ 1/2 % 9Sr @ dpm &L, Zh
LY O8r Dpuc FAEHL .

6. Ca OFEE

BIK 100mg Fi% HCL (2 &h L7, BEE
VIEMIEORE L, B~ v v BmERERE
DEZELI.

£ § S

1. ZEREFD Sr-Ca H

Table 3 IZFHEED Sr/Ca ZHIKFIDFE TR
L7zbDThHs. ozl S, Caz | IHKE D
A TERIEL 72, BEBNZ DWW TOFRRES IR
BECH DA, FREHIERED S OIXT N THBFTIW
TEHEBBR LD DT, 5~7F, HFnLOERENL
BRI R O TERBOEBTRE 7 FELED L DA
*¥CHhb. Sr/1000Ca 23 0.1 Bl F kot 1.0 Bk
DEBHZOWTIE T 2 VEL, FHROERES
#HIL 72, Sr/1000Ca |ZE1E 0.12, B& 1.01 T
TNTDOEET 0.3 Tho7e. EERBITONT
Sr/1000Ca D445 45 & Fig. 1 O X 512789,
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Fig. 1. Frequency of Strontium to Calcium Ratio
in Bone of Cattle

Table 4. Strontium to Calcium Ratio in’
Bone Ash of Calf

No. Sr(%) Ca(%) $r/1000Ca Average
188 0.016 38.7 0.19

189 0.021 35.6 0.27 0.19
242 0.008 34.5 0.10

All samples were collected in Tokyo.
The age are all less than one year, especially
No. 188 and 242 are almost fetus.

0.8=0.9=1.0 BDJEE 7c - T\ 5.
{F4£8 D Sr/1000Ca (% Table 4 Dk 5 ThHY,
3PIDBIEDTIE - EY Lo i 2728, B
(& 0.10, i 0.27, FH 0.19 L RA4FBEDFHL
DAY EN 572, 20O H B IOV TUIBITEES

5. ‘

Table 5 (3K 13 4, 1L2E 12 PIOHRTH B,
BiZFER 0.31 (0.11~0.56), (L2 0.36 (0.11~
0.78) TIEDF 1 LEMERSA L.

BEED Sr-Ca |OHELFITFHIE Table 6 O &
5ThH5d. EEODDOILUBIIHEBHBB LDO
T, E41F 2~3 EDLONRETHY, HEDDD
BEFHIZE TR LADDT, KIK6EL EAET
H5. Wi, BEOHENITFE 044, 043 113
EAERLTHY, B, BERED SO
7ot 0.30, 0.20 ERFEITH2. £HOFEE
1% 043 THY, fOFRBZHLAELEEZ 2R
Hahie. Fig. 2 ZgEED Sr-Ca HOHEEE

T
AN

5
{ .\l—‘——-.

02 04 06 08 10
Sr/i000 a

Number of samples

Fig. 2. Frequency of Strontium to Calcium Ratio
in Horse Bone

Table 5. Average Strontium to Calcium Ratio in Bone Ash of Pig and Goat

R Number of Range of Range of
Animal samples Sr content (%) Ca content (%) $r/1000 Ca Range
Pig l 13 0.009~0.047 37.2~39.6 0.31%0.13* 0.11~0.56
Goat ‘, 12 0.009~0.066 36.2~39.5 0.36+0.22 0.11~0.78

* The standard deviation of the mean valve.
All samples were collected in Tokyo.
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Table 6. Average Sirontium to Calcium Ratio in Bone Ash of Horse by Llocation

. Number of Range of Range of
Location samples Sr conteni (%) Ca content (%) $r/1000 Ca Range
Tokyo | 21 0.015~0.078 34.5~40.6 0.4440.20% 0.18~0.91
Gunma 7 0.026~0.048 35.8~42.6 0.43+0.09 0.29~0.61
Fukuoka 3 0.023~0.032 39.4~40.6 0.3040.04 0.26~0.35
Kagoshima 1 0.020 38.7 0.25
B edfe ]I =Y o e T 0.43

* The Standard deviafion of the mean value

Table 7. Strontium to Calcium Ratio in Bone
Ash of Colt and Kid

Animal| No. Sr(%) Ca(%) Sr/1000Ca Average

Colt | 213 0.009 34.9 0.11

0.023 36.8 0.28
0.066 38.0 0.79
0.022 37.5 0.27 0.3740.21%
0.025 37.2 0.30
0.020 39.3 0.23

Kid

o AW N =

* The standard deviation of the mean value
All samples were collected in Tokyo.

Table 8. Strontium to Calcium Ratio in Bone
Ash of Fowl and Crane

Animal| No. Sr(%) Ca(%) Sr/100CCa Average
245 0.014 39.7 0.16
246 0.008 36.1 0.16
247 0.008 37.4 0.10
o 248 0.007  36.1 0.09 § 1040.07%
oWl 1249 0.002 35.3 0.02
250 0.012 35.7 0.16
251 0.020 33.4 0.27
252 0.003 34.0 0.04
195 0.013 37.9 0.14
Crane | 106 0.007 33.3 0.10

* The standard deviation of the mean value

All samples were collected in Tokyo.

MR, 0.3, 0.4 BAEL% < 0.3=04>0.2=
0.5>0.6>0.7=0.8=0.9 £ & 755 T\ 5.

FEB, FiEo otz (Table 7), B
0.11, {FIERTY 0.37 Thote. 2T DFE
ESBERE TR LD DTH Y, Sr-CaED
BNDObEDDHEFEZBND. FUEEIRE6 R

FRRDODDTHY, BIRBFHELIDHDIDTH
243, Sr-Ca FIIFERDZE L KL BRI\
BERL T 5.

Table 8 IBEB IV ILOERTHD. FBITN
TI1EMEDORBLADNDHDOT, Fig0.12, v
NEA—EEOHEOE L ETHDA, ZhdF
¥ 0.12 THEOBEEULERTH 7. HIEEE
FKEZD Sr-Ca JIZOWTIZENEDLEL, MTW
2 4 K, BRICYADIETHD, L%, 4,
R L TERE QIZE BN E ITEVERIA
HBZENBDHBNI

2. FKEBED Sr BE

BLEB D ©Sr R Table 9 OBV ThD. #&%
TDERE T A DEREHZ DT DREEITERE L 72
Sr BN TIZE—ER, R—#ROBETHLHELD
EERDH Y, FIIREOFBRECERERLT
WABLDMHB., Zhht OSr FHDRis -k
PERLAERTHDH, HEINIOHFO Sr 1§
RDWERTHENY, HHEEESNNIT DD
ZEBNZOWT M8r & Sr L DEFEOLAEH
LCaiz. REMEREIZL S St 048Nk Ca D4y
AL NEETH Y, Ca OFEEDOEEEL Y
B4, Sr LT HIEIINRELONS.
Z DA MSr HIFERT B L BLNBDT MSr/Sr &
BB EIZLY, FHENS ZEREIFST S.
BIZ TR/ D 57 DR pee FTIE 17.18%
13.1 G DA *Sr/Sr 1% (161.1+£34.5)x10-12 T
BV IFEIAY D75 < 7B, Table 9, 10, 11 75
Sr iV T RBFHE 242 b & B>4>IE>B>FE>
L DIETHBH, BFXS7TEOFTHY, FHBIXS9
EORPTHHZERBRTHE, REEARTEK
BEL, MEBMNZNIOFEENRELENDDE
E2bWB. Ll *St/Sr TOFEPE 53 LEMN

NII-Electronic Library Service



KEDA O Y F T bt Ly aERTES

Table 9. Average “Sr Content in Cattle by Year and Location
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7* 90
Year Number Average %°Sr content by year Averagel Sr.
Location of of content by location
collection samples 0S¢ puc/g of Ca 9035 /Sr X 1012 90y ppc/g of Ca
4.0442.12% 46.0+33.8*
1957 7 (1.50~7.59) (14.2~119.0)
Tokyo 58 1 8.27 94.5 5.08+2.63*
59 9 3.75+2.74 58.9+21.3
(1.17~9.89) (24.7~122.0)
1957 9 7.54+4.63 73.8435.6
Hokkaido (0.56~13.78) (1.6~160.0) 7.284.42
| 59 1 4.96 104.0
. 1.5241.22 20.9423.9
Yamagata ’ 1957 15 (0.39~3.95) (1.6~82.4) 1.52+1.22
- 2.78+2.56 26.5+26.7
Miyagi 1957 14 (0 35~ 48) o7 7m0 2.78:+2.56
. ‘ 4,28+2.25 47 .1+8.9
Niigata 1957 10 (1.42~8.19) (11.3~117.0) 4.2842.25
_ ) — ‘
| 17.18+13.1 161.1+34.5
L 19¥ 3 (3.81~30.43) | (41.3~282.0)
Gunma 5 ) 5.71+1.54 | 186.5%+21.0 12.59£10.1
(4.19~7.23) | (166.0~207.0)
Shizuoka | 1959 1 18.31 t 222.0 ‘
— - —— l;,‘ —_—
Hyogo ’ 1959 1 3.07 48.6 !
e _ R ‘
1987 1 2.10 16.5 |
Shimane ‘ 59 5 10.77+£7.26 185.0+35.0 $ 9.33%7.4
} (1.12~19.10) | (125.0~208.0)
4.87+2.46 58.6:£31.3 %
1957 20 (0.42~9.33) (12.4~109.0) |
Fukuoka 5 s 7.23+0.54 100.8+78.6 |  5-09E2.37
| (6.60~7.86) (43.5~211.0) |
- i \
. | 4.47+2.70 69.94+15.9 |
Total average 4.81 145.75 ;
* The standard deviation of the mean value
The number in parentheses give the range of %Sr content.
BUELITE, 8, W%, Y, KOEEZRY HTH EBITFEBOF L VE. FEOIHIIZ
pue BORERLITRIL DL, I Sr/Sr DA 12.23 puc L FED 15.89 puc X YI{ELDS, 9Sr/

ERIZEDENTEVHOONTRHTHS Sr X 352X10°2 & L E OB ELVEL K- T
3. %.

HFa, 758, FEQIEPIORRIE Table 12 BAED “Sr JEEOFHRERG, B e
@i%wf EE T hd 1EKRR, F43 20 B 277 LTRTE (Fig 3), WO L Sr &
DI, FEIHEZIB D RAEE T LAEBRTSH RETIEB8ED DDA DE L, 59 EDOFENED

%. U‘ﬁF, FUIREDFHNE Sr AL TS Sr/Sr T fEu. Ll 9Sr/Sr Tik 38 EDFRE THHT &
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Table 10. Average %°Sr Content in Pig, Goat, Fowl, and Crane

Average %°Sr content

. Year of Number of
Animal :
collection sumples gosr ,U,UC/Q Of Ca gosr/srx-lolg
‘ _
. i 1.0040.90* 10,1411, 5%
Pig 1957 | 10 (0~3.05) (0~32.1)
2.05+2.42 19.3+20.2
1.83+1.97 35.3+21.2
Fowl 1959 8 (0.02~6.89) (6.3~80.5)
0.67£0.02 17.2+2.3
Crane 1958 2 (0.47~0.86) (14.9~19.5)

* The standard deviation of the mean value

The number in parentheses give the range of %Sr content.

Table 11. Average %°Sr Content in Horse by Llocation
. Year of Nomber of Average %°Sr content by year Average 9°Sr.com‘ent
Location . by location
collection samples ppc/g of Ca 03, /S X 1012 pue/g of Ca
16.45+9.26% 110.9:+65.6*
1958 12 (3.59~37.13) (9.5~260.0)
Tokyo — 21.28+10.7%
L ose 5 27.70+8.90 223.0+81.7
| (16.76~37.27) (97.6~421.0)
17.93410.70 135.6484.5
Gunma 1959 7 (8.54~37.57) (51.8~270.0) 17.93
10.64+3.80 117.3456.5
Fukuoka 1959 3 (7.05~15.93) (63.5~194.0) 10.64
Kagoshima 1957 1 6.80 86.0 6.80
Total average 15.89 145.75
* The standard deviation of the mean value
The number in parentheses give the range of ®Sr content.
Table 12. 9Sr Concentration in Calf, Colt, and Kid
Year of 9Sr  concentration
Animal lecti
cotlection puc/g of Ca Average 905r /Sr X 1012 Average
6.58+0.12% o 109 s
1958 15.2740.24 10.92+4.35 179 144+35.0
Calf -
1959 2.2340.08 2.23 74 74
Colt 1959 12.23+0.22 12.23 352 352
] .
i 6.20+0.30 70
. 3.0540.45 12.2
Kid 1957 2.40+0.25 3.0342.03 089 40.7+£22.2
| 0.50%+0.30 52.7

* The error by counting

** The standard deviation of the mean value
All samples were collected in Tokyo.
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Fig. 3. Comparison of %Sr Content in Cattle by
Location and Year

BEDL YA, 57 4L 59 FE LTk 59 F£DFAN
Bl oT\5b. 58 E£DBH DL 1 FlOIAKILDT 58
EDLDHRBNENS T2, WETHER
TFERNENTHAS, el BEORBIZIOWT
HRERDOZ &0z, BR, BREOERHL Sr BAL,
08r/Sr & BT S EDFHE K FERIL & BEEMOE
FXBIOMAEEZ BRD. DT LIHE R FNZ Sr
BNOPEB LU E0EE (%) 245 LI LITIE
>& VL, 57 EORETIE 0~0.99 Hi4fko 20.7
%, 3~3.99 A 14.825, K&k 0~5 DD HD
TEEDRLFE 70% (L ZDORNIA - T 555, 59E
DEEHE 0~2.99 DL DH4ED 102 (2§ X7,
7~7.99 DHONR 25% THRHLFELIm-TWwaD. H
BENZIZ—EOBEMAADNT, 2K, HiEHHRO
& 9z E ITIERIZEZ W S HEENIA B inds
of:.

3. R Sr-Ca REFFED Sr-Ca EFIRLD
BEfR

B TIEADOREZFD Sr-Ca i, 7eD
T, AETIESBICWTEEINE, B, W
2, FBOFBED Sr-Ca iRy, ZNEHED Sr-Ca
REOBEREPLNMILELIIETHHDTHS.

1) HEERO Sr-Ca

WIBZ BB S R L 72 O ER
EEERAETHY, EROEMC L VATROEERD

Table 13. The Fodders of Experimental Cows for
Nutritional  Disturbance and Their
Quantity Given a Day

No.
25 26 27 28 33 34 35 3%
Fodder
A-1 4.05.0 0 10.0 2.0 2.2 0 0
Hay 7.5 8012.0 0 7.0 7.0 3.0 5.0

Beet-Pulp 1.8 2.6 1.8 3.0 2.6 2.6 1.01.0
Wheat-bran{ 0.2 0.4 0.2 0.2 0 0 0 0
C-3 0 0 0 0 0 0 5.0 5.0

* Kilogram

Table 14. The Composition of A-1 and C-3 Fodder

N A-1 c-3
Soy-been cake 10.02* 54, 5%
linseed cake 10.02 0
Barley 25.05 9.1
Corn 16.03 9.1
Wheat-bran 25.05 0
Rice-bran 10.02 0
Mineral 0.05 0.02
Vitamin A, D 0.10 0.04
CaCOs 2.51 8.67
NaCl 1.00 0.37
Beet-pulp 0 18.2
Inorganic phosphorus 0.15 0

* Percentage

Table 15. The Fodders of Horse and Goat and
Their Quantity Given o Day

M\ Horse Colt Goat Kid
Wheat-bran 4.0% 2.0% 0.8% 0.4%
Oat ’ 1.0 0. 0.3 0.2
Been-bran 0.5 0. 0 0
Straw 4.0 2. 1.0 0.
Hay 4.0 2. 1.0 0.
CaCOg 0.05 0.025 0.03 0.02
NaCl 0.05 0.3 0.025 0.01
* Kilogram

CWZFDOHEITER - T D, BERERLEED
#EHRe 0 E Big Table 13 © k 5 ¢, ZoOdhD
A-1 Lt C-3 ZEEAEETHY, LD
1% Table 14 O X5 CHs. BEFIOWLEDER &
FOHET Table 15 OFYV THB., T HOEE
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ZOWT Ca 240 L 7-fsBIZIK9Y v -A-1 15.81 Table 16. Strontium and Calcium Levels of the
%, W 4.32~9.849, 4% 1.779%, ¢ —} Fodder of Cow and Bone Retention
13.3796, b 1.28%, HELEE 24.50%, v Factor of Strontium in Cow
# 1.852, kg 3.93%, C-3 24.34% Tk 7=  Bone | Fodder one
A-1, C-3, B & R O X 5 727 IR & g, No’; Sr Ca  Sr/1000| factor
. iSr/]OOOCa %/ash % /ash Ca of Sr
CaCO; &4 T Ca% IIHEYFL LT3,
25 0.28 0.0183 7.73 1.078 | 0.260
ZHBHD—D—DZ DT Sr RERTH I EITIE
BRI T 0. oL T R 26 0.29 0.0186 8.10 1.043 | 0.278
< > o A = e Gl
KA ’ » g 27 0.24 0.0175 5.27 0.648 | 0.354
L LA \ EES -
PEHERESNTN DL, FLOEHD Sr-la 28| 0.35 |0.0278 14.70 0.860 | 0.407
REMBLERRS, | HRED RO Sr-Ca O 33| 0.15 |0.0177 6.96 1.155 | 0.130
BPOPIUL L DT, FERBHZDWTD Sr D4y 34 0.28 0.0179 7.23 1.120 | 0.250
WITibian o7z, bbb, HEEZRMTL ILEDH 35 0.23 0.0274 14.10 0.883 | 0.261
BHZIOWTIZHER FD T %, 4, BoOGIER 36 0.12 0.0119 11.90 0.455 | 0.264

DEEEY LZjC{ZF 3kg ﬁﬁ?ﬁéﬁkii@&%l’ﬁﬁ AVEragE vt i it innnnrnetereennnnnenns 0.276
S, BRUET 500°C i TIRILL 72, Sr o

Table 17. Bone Retention Factor of Strontium in Horse, Goat, and Fowl

Horse Goat Fowl
se/1000Ce. ORI | se/t000ce e reer | sojtooce e releen
0.47 0.330* 0.72 0.442%%* 0.16 0.262%%*
0.32 0.225 0.11 0.067 0.10 0.164
0.85 0.596 0.26 0.160 0.10 0.164
0.18 0.126 0.14 0.086 0.09 0.148
0.91 0.638 0.20 0.123 0.02 0.033
0.63 0.442 0.78 0.478 0.16 0.262
0.25 0.176 0.27 0.166 0.27 0.443
0.45 0.316 0.21 0.129 0.04 0.066
0.18 0.126 0.67 0.411
0.34 0.239 0.37 0.227
0.44 0.309 "0.24 0.147
0.32 0.225 0.35 0.215
0.70 0.481
0.35 0.246
0.37 0.260 *
! 0.45 0.316
0.27 0.190
0.42 0.295
0.55 0.386 1
. 0.18 0.126 ; ‘
, 0.59 0.413 | |
Average 0.44 0.308 0.36 0.221 ‘ 0.193

* The fodder of horse—Sr 0.0127%/ash, Ca 4.05% /ash, Sr/1000Ca=1.426
** The fodder of goat—Sr 0.0216%/ash, Ca 6.02% /ash, Sr/1000Ca=1.630
#¥% The fodder of fowl—Sr 0.033%/ash, Ca 24.59% /ash, Sr/1000Ca=0.610
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SITTIE T DX 100g JiRE v, oindEic i
W HER EDE T LEROIEFICEL LY,

I VBB SNV DT, RYNIIEBERIC X A4

HEfTv,  Fof@khE St B2 7D T Carrier
& LT StCly k¥ (Sr++10 mg/ml) 2ml ZHn%
7z,

Table 13 ® No. 25~36 D4z s1T 2ERIO HE:
IZDOWTD St DIRB VD 2%, Ca D %, I
Sr/1000Ca % Table 16 © Xk 5 Th Y, B, L==E,
IR 52T Table 17 OZIZE U7k 57k
%ffﬁ)of:.

(i) Sr OELBEREERD Sr-Ca L OER

KETCIZED Sr-Ca ELIEITHLHLHENIZAS
Sr-Ca REDEBRERDD D THHA, b LEA
T A STHED St 78 Ca L& A--0FE# Eh
£, BD Sr-Ca REEWIZAS Sr-Ca L 3£<
B LT, TOlI1ICRDNETHY, TOMEN 1

X0/ Sr o Ca 2T B ERINIRE VWD &
Iz, ZDr% ALEXANDER BY (Z7c5 5T Sr
DBERBREWSERVAVS L

St oByER=—T2 e R Th,

B0 Sr DBYRER T Table 16 O F 312 0.130 s
5 0407 LZEAH D HEHEE 0276 Lixy, K
BIGEWEE Bbh, ZREEL QEENE
24 URREE, St O L 2 EREER X
VCZNBHDFE, YBITIRWTHAEL BRIFERT
1 R FABRINTURNBAER S 7 Ak 138 E
LRRABFEARTOHLR TN I Iz LB EES BN
5. B, WWE, BO Sr OFrEEIL Table 17
WY T, BHETEAN 0.308, L3 0.221, 3 0.193
Thote. TbHLIDENLAI St @ Caizxt
THEINIWARDARE L, BT, 4, BEOE
FThadI erRrL T2,

Table 18. Strontium to Calcium Ratio and Strontium-20 Content in Individual
Bones in the Skeleton of a Cow and Her Fetus

\\\\\\‘\\ Sr s
Bone T — Sr/1000Ca
~—_ nuc/g of Ca 90sr/SrxX 102
Metatarsus 0.40 0.10+0.03% 0.79
Humerus 0.35 0.65+0.11 5.90
Metacarpus 0.27 0.35+0.04 " 4.10
Tibia 0.32 0.1540.03 1.40
Thoracic vertebra 0.37 0.15+0.03 1.20
Mandible i 0.33 0.16+0.03 1.50
Frontal bone % 0.53 1.9740.08 11.70
Rib § 0.38 0.27+0.04 2.25
Hoof i 1.24 0.2840.04 0.70
Scapula ' 0.68 0.50=-0.04 2.30
Femur l 0.94 1.85+0.12 6.20
Radius ! 1.15 0.80+0.09 2.20
Pelvis 10.79 1.49+0.15 - 5.90
Cervical vertebra 0.83 0.624+0.07 2.40
Horn 0.92 3.37+0.58 11.60
The fetus of the above cow
Femur 0.70 0.3840.05 1.70
Radius | 1.00 0.75-+0.06 . 2.40
Cervical and thoracic vertebra 1.06 0.49%+0.08 1.50
Frontal bone i 1.04 0.44-0.06 1.30

* The error by counting
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4. BT D YSr OBHRASE

BEIRDIRREIZI 1T B OSr DBRASHEICEND
DINENE, AED ITPIZONTL BN, 7 E
FOHF (BRR) OBERBLDOT, TOBIZOWTD
1 #% L b7 #EEix Table 18 OBV TH Y,
Sr/1000Ca |3EEDEE 1.24 2 BERTE ORI 0.27
D EFH2DH Y FH 0.63 ThoAH, HEH#FAICEE
BOEITIcHh -T2, St B THhSh L7 9Sr
BAZBRET 3.37, REIHETED 010, Fiy
0.85 THhd72, SHDBERETHERODENDH DD
ADHZRTHo72. Ll ¥St/Sr ThHbHbT L, &
WOLLEIERE D 11.7x10712, H0 11.6X1072, K
WOUEED 0.7x10-12, EiE D 0.79x10-12 TE
¥13 4.01xX10712 THBHH, «=0.05 THEHMETIX
'4.0147.98 £75 0 11.6, 11.7 5 {ELEEDE
NdHDEIZNZIRNWTEERL T2, BBIDHE
NHE BN FERDOBRIZOWTED LEE4HTL
7275 Sr-Ca HYF;TESLL5THU, Ca OyHEE
NFREEThH-7oZ EWIRET2DDOLEZLN
5.

BHEHOBERZ St OFETHZ L], 20
PO ERNTY, HEBEHMEHE < 2 DR OLN T
218,80,88) S aIENT B\ TIXIEFEY A St Db
CHEBS T OWTHIZE L AR, Wi, BRIl
DER L CRDEFIZS St OFETHT LR
Oz,

HARDOIREBIIZ I T B BHREO St Bz onTE
HODGES 5 X ADB CTBIKY Y 4 220 ppm T
HBHZErkHTIEY, TIPTON ik 120 ppm TH
I &k ED 2. RETIX TUREKIAN 5% %
HODGES & ¢ —B T AHREATW5H., EZORES
BOMEETIE Sr & Ca 1000 F-FIHT 5 ETHK
DHTHBHLT, FixFH 0.34, F 043, LF
0.36, K 0.31, & 0.12, wL 0.12 THYE>IL
ESESESHE=IL OETH -7z FFPOD 1%
1950 ERIEmRELE:E AV, AT 1.4, K 2.8, K
1.7, B 1.7, 4= 3.0 2\~5{f% /R, ALEXANDER
51 13 Spectrograph ¥z L 04D 1 41T 0.99, 5
DIHIT LI L SEERL TS, EEORRIX
TNHDEE B EAEHSE. - L LEREORER
PRBEDOEREEIHDTHA 50, BEFIORESE
BALETERLS3THY, HFERR LTHEN

7

Sr(NOy), DLz Ca HUR L T\7chy, F2i Si
PEATWD T Bbhb. ALEXAN-
DER LOERIT | PIORTHY HFEDRRDZIDT
SHHEIZ X BEh, & <IZ St SEOBEVER B
BRLUDOTHINITE SRR TER W, EFOD
BRIKEEOHMIIH Y, A ULEEOERLTRIE
0.15 7 BEE 0.56 LW 3 btk LETWS. L
AL FDRZZ 0.098 tHY “Sr-Ca VOREIZ
HUBOTREV. 2EBOFOREZILED DD
T 1.01 Thsd FHTIUE, EHDO D OIS
, FOMITRELUTHD. ZOMBDOLHE, kR
D Sr FERVFONENZ, LENTRVWOTE
OEHITTETH DN, 72220 2BOFRBOREZ
AHOHF D FIUIL, & IZKRE W EIXHELE
Hdrd. BEORNICTNHED Sr & EHOIR
BIZhDEZE2 BNDND, FHHFOEROFEMER
ESITTTH B PEQIZLHAHERILNEATE
WTHH S, LI CEEBROZIEE L TE
» Sr-Ca KL, BEADOLIWIEREE
NERBEEEEL TWHL0EE 2 bhb.

ZEBIZIITD Sr-Ca LD Sr-Ca LD
RIS ELEEL, HO Sr-Ca RHLEA—
FEThHDERDBNBLDIZOWTL b, TOHE
B Sr OFiERIENKDE T 0.308, LT
4 0.276, 42 0.221, 28 0.193 Th 7o ¥R
XUD Sr BrhERIKRT 2 2EEIETAL
IZED 0.21~0.22, T 0.20 DT L —BL
Tuv%. WASSERMAN 5% (3 ¥o 2 #ic 0.23
L WIHEEPRLTEY, TOMEE HRE—FHL T
. O ENLEREBIZRTS St © Ca iy
DEMIB/HRFZEIARE S UTULE, £, BOETH
y, TRHOEBETED Sr LMED Sr LFEDIR
BEIZ L, B Sr-Ca RIZZNHDOEEZET S
Tk VED Sa-Ca REPHEFETIILNTED
b TH%.

e ThH B Table 4, 7 O X 51274, 1F
B0 Sr-Ca RIFEEED Sr-Ca FZH UMLK
WAL, Thbizie LARBRRIZEWDDTH o727
ThHEeEbin. COMAR 7 (3T v FDJERD
BOERIZ Ca 73 Sr LV 5.1 RIS L
RLTWAD.  F7z WASSERMAN 5% (37 v + D
Sr BiiER 0.28 128 L, FORREOZEAAN 0.17
ThHIEEARTEFY, RO Ca O 92% 1 IHD
I BT &2 i & EOHGEINLD
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Factor [ZEE S T2y, ZOEMEH D THAS
HBFERD Sr-Ca RO ZH L VIEWZ LTS5
T FBHTHA5. 4FF0FH 0.19 THEDTF
$50.39 3 %3 & 2.05, EDHE4T 0.43/0.11=3.91
THhY, 2~4ELE C BFIHINDZ LIZHL
nEBbhb.

%Sr.Ca % wpuc/gCa THD LERFIBZERL
oWigs, BERED 1589, DITF4 4.81, L
2.05, & 1.83, K 1.00, W 0.67 DIEEL 75Tl
b, ZORTEX 58, 59 )i, X 57, 39 £
MET 1 I 58 4, L3 57 4, 3/ 59 4, K 57
w, V) 8 EDLDTHD., T TR/ L 3
ERET OSr BEIIEL K-> TWHIEEERT
e, REE, 4, WE K B, YIOIEEKRY,
| —RRCEABEE L, HAEO OISRV L,
EBENEIZENWT & 21E 2 bivsh. ECKELMAN
510 D A F 0P Tl 1956~57 £DFHn 0.20
ppc/gCa, %7~ KULP 523 BT 57 4£0
S #8012, 58 £ D F 3 A3 052 puc TH Y
BRYANT 5% O#|TIL 56 42 3 J~3 £f40
ANTEH 0.9, 20~65 F D A T 0.07 puc Tho
T, FLEEDO PSr EEIEFEEICBWTT DAL
LAENE <, LANGHAM 5 ¢ 57 £ 0 F #l{E
(0.3~4 ppc) IZHL THEL LG AD Sr DF
ERIIRAE 0.24~0.44° THY, FOREBEDHI
& BT B E—BIZFRBOHTWE. ThbbRE
IZ31F5 Sr-Ca DEFNIAL Y REW. Lhd “r
BREAAL VARNE <, EAROBLAEVEET
BALY OSr DN EIZERO PSr FBYICZ L B
CLRELATHY, BEEBRS N, B,
FELERT AEABRIC L LIZEVDY 5723105
WERTHD. AUEABROFTERDVENRD
0Sr PWEDENZ L1k Sr-Ca DEFFENRE B/IE
W EIZEBLDTHBEELBNS.

F4, F8B, {Fi2Eo ©Sr BT Sr BT
&, WFRBER L VPRE S BlEh 2 - TEY. L
ALOSr/Sr TAB EE, ST hdBRISGE:
BDTHHIZ DT, W biESE £
EThB, ZoZ &t Sr BNKRLTE Wit d
b BT OSr EEIHENEVCI LERTOIOT
bbH., —RBICHEEBYIE, TRHOLBENEEELZ
HHLOFRE OSr iz % £ ¥HLF 2 b, KuLp
B2 IAT 20 FE Tk YSr BENEL, Tl
FRESLZEERTHHILEL TS, Lol

KB TIIRBENC I 2 A NCH LBD TEL, K
BoE 1 £ LT TR 2 ETHLDOTH
D, "Sr BEOESIZI DEBEIANIRITHERE
WBwEEZzxbhs.

EEEEHD Sr-Ca K, “Sr BEOFERE, H
ZEEOEIHDVEEODETIIRVI EE2RL,
72730 PSr(puc/gCa) DRMMOEA L EDHD
ZENRRD BN, Sr/Sr TIEEIRL RV E
BEEIAD D LEEZ B,

HODGES %'®, MACDONALD 5% [IEKAD
BLEDOEDET, Sr OEFRIRERULTHhDIE
#AH T\ 573, PECHER®™ |38HE, HAMO B LY
B &, 7o KIDMAN 5 (J5EEE, BRIl
DELRDZ EEHEL T%. SCHULERT 530
AT Ca 1g YD ®Sr BIZ—~FOHEENHDZ
&% ¥Sr % Tracer & L72FEBRTAHAT 5. THUR-
BER B3 2 ) 2 EMADEBKRNIZIITDERD Sr
O e 102 PN T—ETH5S. L
L SCHULERT &% (3&#nb0 PSr HVNEOE
BTE—ETH B0, BADE TI—EDREEN
HOEADE L LBEREDOBIZ—FDOEBRNH B Z
E, Lo TR—DODBRSHTHZ LT L4
BROBENHEE TEDEL TS, ZOL3IZ
St DGOV TIER &L LTWBA, ZEEDSE
BROGHI—FIOZTHY, =D Sr EEDHR
D Tracer FIZ L 5 ¥Sr D4 LT L HE UHE
MEREY, —EDERIIINELDONEYTH
53,

i &

KeWERBRB IS WT I ER{EELLE, $,
WE, K BROCICEHEASENE S TLE,
EDRER IOCVILOLEIZDOWT Sr-Ca X,
%8..Ca 3, “Sr-Sr TE L HN, IBICYHTHEL
FHEHZ DWW TR Z DRI BEAD  DIZDWTHE,
Rl Sr-Ca RE L 5, 4, L3, O Sr-Ca
DENEHRLUTOmE L 157,

1. Sr-Ca # (Sr/1000Ca) |34 T¥i# 0.34, &
0.43, L3 0.36, B 0.31, ¥ 0.12, Wi 0.12 ©
BrRdESUTULFE, 4, K BEYLOIEFT
B ote. HIBOWXER, WO REEE -
FiEEE R L.

2. %8r-Ca F (*Sr ppc/gCa) FEEDLES
¥ 15.89 T, BITF4, IUEE, B, K, YALODIE
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FTEAROLOMAELE, MO LD
IZOX, BENRELEWVEIER L. FREITD
EEIOBADH Y, T OSr-Sr BTLDHEEDL
ZHIS T H » 7. HIBANZIZ—E DA B
7o 5 7.

3. FEEIRERO HRRGEE B 2y i BT DT,
FofEEo Sr-Ca EiHHL, IhiVEEED
Sr OEBLEBLRDI-LTAH, BEHAE DELFH
0.308, 4= 0.276, (L3 0.221, %8 0.193 THY, I
2 FEOMIT2EENEZLORDIMEE & -
Lz, A E OVFRBICBTHE OSr FPuiz
DEERFERAEROFRIH D EDHLNTH
Y, EAROPT OSr EEIZED D D FERE Sr-Ca
DEJRNKELEELF T LI LEHL ML
7z,

4. OSr DEFEBRNIZEITB0HEICITELNE
BiZ7ohm 7.

RO WCERCH N SN ARG EIZE# 2 L
7.
X [N

1) ALEXANDER, G.V., NUSBAUM, R.E. and
M. S. MACDONALD : J.Biol. Chem., 218, 911

(1956).
2) BEFER, Ele v BAEHERRER, 23,
402 (1944).,

3) BJRFEY: BAR/AEaHE, 71, 12 (1950).

4) BRFERF: BARLSESMEE, T1, 287 (1950).

5) BRYANT, R. J. etal.: A.E.R. Esta.(Harwell)
Rept., No. MP/P 2056 (1956).

6) CoMAR, C.L., WASSERMAN, R. H. and M.
M. MoLp: Proc. Soc. Exp. Eiol. & Med.,
92, 859 (1956).

7) CoMmaAR, C. L., WHITNER, I.B. and F. W.
LENGEMANN : Ibid., 88, 232 (1955).

8) CoOMAR, C.L., WASSERMAN,R.H., ULLBERG,

S. and G. A. ANDREWS: Ulbid., 95, 386
(1957).

9) Comar, C.L., RUSSELL, R. and R.H.
WASSERMAN :  Science, 126, 485 (1957).

10) ECKELMANN, W.R.,KuLpP, J. L. and A. R,
SCHULERT : Science, 127, 266 (1958).
11) ForBES, R.M., COOPER, A.R. and H. H.

12)
13)

14)

15)

16)

17)

18)

19)

20)

21)

22)
23)

24)

25) -

26)

27)

28)

29)

30)

31)

%7

MITCHELL : J. Biol. Chem., 209, 857 (1954).
FINKEL, M. P.: Science, 128, 637 (1958).
HobGes, R. M., MACDONALD, N.S., NUs-
BAUM, R., STEANS,
SpaN, P. and C. MCARTHUR:
Chem., 185, 519 (1950).
HANSARD, S.L., CoMAR, C.L. and M.P.
PLUMLEE : J. Anim. Sci., 11, 524 (1952).
HANSARD, S. L., CoMAR, C. L., PLUMLEE,
M.P. and C.S. HOBBS: J. Dair. Sci., 34,
508 (1951).

HANSARD, S. L., COMAR, C. L., PLUMLEE,
M. P. and C.S. HOBBS : J. Animal Science, 9,
657 (1950).

WINEE: % 1 EREEAEHEARER
MNP EE (BHEEIT), p- 65 (1959).
JOwSEY, J., RAYNER, B., TuTT, M.L., and
J. M. VAUGHAN: Brit. J. Exp. Path., 34,
384, (1953).

KIDMAN, B., TUTT, M.L. and J. M. VAUG-
J. Path. & Buact., 62, 209 (1950).
KipMAN, B., RAYNER, B., TUTT. M. L. and
J.M. VAUGHAN : Ibid., 64, 453 (1952).
Kuwrp, J. L., ECKELMANN, W.R. and A.R.

R., EZMIRLIAN, F.,
J. Bidl.

HAN :

SCHULERT : Science, 125, 219 (1957).
Kuwrp, J. L.: Ibid., 125, 933 (1957).
Kurp, J.L., SCHULERT, A.R. and E.]J.

HODGES : [Ibid., 129, 1249 (1959).
LENGEMANN, F. W., CoMAR, C. L. and R.H.
WASSERMANN : J. Nuirition, 61, 571 (1957).
LiBBY, W.F.: Proc. Nat. Acad. Sci. U.S.,
42, 365 (1956).

LANGHAM, W.H. and E.C. ANDERSON :
Science, 126, 205 (1957).

MacDoONALD, N.S., NUSBAUM,R.E.,STEARS,
R., SZMIRLIAN, F., MCARTHUR, C. and P.
SPAIN: J. Biol. Chem., 188, 137 (1951).
MCCANCE, R. A. and E. M. WIDDOWSON :
Biochem. J., 33, 1822 (1939). '
PECHER, C.: Proc. Soc. Exp. Biol. & Med.,
46, 86 (1941).

Rusorr, L. L. and L. W. GabpDUM: .
Nutrition, 15, 169 (1938).

SCHULERT, J. and E. E. CGONN: Nucleonics,

NII-Electronic Library Service



KEDA vy F 72~y aEZFHRZMES X o v F oy 2 RENWCET AHFE I 285

4, 2 (1949). 36) THURBER, D. L., Kurp, J. L., HODGES, E.
32) SINGER, L., MA@S00B, M., MEDLEM, A.B. J., GAST, P.W. and J. M. WAMPLER :
and C.L. COMAR: Arch. Biochem. & Bio- Science, 128, 256 (1958).
phys., 66, 404 (1957). 37) VISEK, W.J., MONROE, R.A., SWANSON,
33) SHELDON, J.H. and H. RAMAGE :B iochen. ‘ E.W. and C.L. CoMAR: J. Nutrition, 50,
Jo» 25, 1608 (1931). . 23 (1953).
34) SCHULERT, A. R., HODGES, E. J., LENHOFF, 38) WASSERMAN, R.IH., LENGEMANN, F. W.
E.S.and J. L. KULP: Health Phys., SCHE 23 and C.L. COMAR: in preparation, X 9
X v5H. X v5IA.
35) TUREKIAN, K. K. and J. L. KULP: Science, 39) WASSERMAN, R. H., CoMAR, C. L., NoLD,
124, 405 (1956). M. M. and F. W. LENGEMANN : Admer. J.

Physiol., 189, 91 (1957).

STUDIES ON STRONTIUM METABOLISM FOLLOWING STRONTIUM-
CALCIUM DISCRIMINATION FACTOR IN DOMESTIC ANIMALS

I. THE NATURAL STRONTIUM TO CALCIUM RATIO AND STRONTIUM-
CALCIUM DISCRIMINATION FACTOR IN DOMESTIC ANIMALS

Noboru Mivao

National Institute of Animal Heath, Tokyo
(Received for Publication Feb. 11, 1960)

As a result of the nuclear weapons already tested during the last few vyears, the
effect of strontium-90, from fallout, on the human body, has been a matter of concern
and much effort has gone into researches to learn what proportion of this material has
become incorporated in living things and how damaging it will be to plants, animals,
and man.

In this respect Kurp, et al. in U.S.A. and BryanT, et al. in UK. are researching the
strontium-90 concentration in human bones. In Japan the assay of strontium-90 in man
and animal bones, hornes of deer, fishes, and so on, were carried out first by Hivama, et
al. Many studies are being carried out on the relative metabolism of strontium and
calcium in the cases of the experimental animals used. The studies on domestic animals,
however, are very few, some studies have been carried out only on sheep and cows by
CoMAR, et al, and especially, almost nothing has been done on fowls. Moreover, there
has not been found any systematic study on the hazard of strontium-90 fallout on domestic
animals.

The author sudied the strontium-90 concentration in the bones of various domestic
animals, in Japan, during the past three years, and found a higher level of strontium-90
in them than in man. These studies were carried out to show the necessity of knowing
the strontum to calcium ratio in the fodder, and moreover the absorption, excretion, and
discrimination of strontium against calcium in order to determine whether the cause is due
to the strontium-calcium discrimination factor in them, or not. This report summarizes
the results of the natural strontium to calcium ratio, strontium-90 concentration, the
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strontium-calcium discrimination factor from stable strontium to calcium ratio, and the
strontium-90 distribution in cows.

The ratios of strontium to calcium and strontium-90 concentrations were studied using
the femurs of horses, cattle, goats, pigs, and fowls. Those of the horses and cattle were
collected from Hokkaido, Yamagata, Miyagi, Niigata, Gunma, Shizuoka, Hyogo, Shimane,
Fukuoka, and Kagoshima prefectures, and one sample from a crane, in Tokyo. On samples
collected in this institute assays were made on the strontium to calcium ratios of their
fodders, and the strontium-calcium discrimination factor in horses, cattle, goats, and fowls.

The results are briefly summarized as follows:

1. The strontium to calcium ratios were 0.3¢ in the average of cattle, 0.43 in horses,
0.36 in goats, 0.31 in pigs, 0.12 in fowls, and 0.12 in the crane. They were in this order:
horse >goat > cattle >pig >fowl==crane. The samples from Miyagi and Yamagata showed
a comparative higher average, locally.

2. The average of strontium-90 level (strontium-90 puc/g of calcium) during the past
three years was highest in horses, 15.89, and next 4.81 in cows, 2.05 in goats, 1.83 in fowls,
1.00 in pigs, and 0.67 in the crane. It appeared that there was generally a tendency for
the strontium-90 concentration to be highest in graminivorous animals, intermediate in
ones eating miscellaneous foods, and lowest in birds. The trend for the strontium-90
concentration to increase year by year was recognized, and this was made clearer by
expressing the strontium-90 level with strontium-90 to strontium ratio. Locally, the definite
tendency was not seen.

3. On the samples collected from animals fed on definite fodders, assays were made
to determine the strontium to calcium ratios of their fodders and the bone retention factors
of strontium in various species were also calculated. The average of the factor was
highest in horses, 0.308, and the following orders were 0.276 in cattle, 0.22]1 in goats, and
0.193 in fowls. The values in goats and fowls agreed well with those found by the double
tracer method as reported later on. Consequently, it is apparent that the high strontium-
90 level in domestic animals is chiefly attributed to the strontium-90 contamination of the
fodder, and the difference of the stontium-90 level in graminivorous animals is greatly
influenced by the strontium-calcium discrimination factor.

4. The definite difference was not found on the distribution of strontium-90, from
fallout, in the skeletons of cows.
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