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Uptake and Translocation of Substance from Plant Leaf

Mitsuo Chino

Dept. of Agricultural Chemistry, Faculty of Agriculture
The University of Tokyo
Bunkyo-ku, Tokyo, 113 Japan

Abstract

This is a review on the translocation of substances which are applied to the
surface of plant leaf. Especially, the method of collection of pure phloem sap
from rice plants and the results of chemical analysis of the sap have been dis-
cussed because the substances applied to the leaf are transported mainly
through phloem to the sink parts (fruits, grains and other storage organs).

When applied to leaf surface, the substances enter the free space of leaf
physicochemically and are selectively transported through cell membrane with
the aids of carriers into leaf cells.

The rate of absorption of the substances is the highest for urea-nitrogen and
the lowest for phosphate. The rates of absorption of other ions like Ca?*,
K+, SO,%-, and CI" are in the between of them.

The chemical analysis of pure phloem sap which is obtained by the Insect
-Laser-Technique revealed that N, P and K are highly mobile from leaf to
sink, while Ca and Mn immobile.
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o E S

Migration of Radionuclides from Leaf Surface to Edible Part of Radish

Kei Yanagisawa

Division of Radioecology
Nakaminato Branch, National Institute of Radiological Sciences,
Isozaki 3609, Nakaminato—shi, Ibaraki, 311—12 Japan

Abstract

Airborne radionuclides such as ?°Sr. ¥7Cs, °Co and *Mn are found in the
atmosphere mostly as particulate form. Some of them have been detected in
the vicinity of nuclear facilities.

It is known that the nuclides on the leaf surfaces partly dissolve in water-
drops and/or dewdrops and enter inside the plants.

So foliar uptake-retention and foliar uptake-translocation of ®%Sr, '*’Cs,
#Co and **Mn in radish were examined. A radioactive aerosol exposure device
was developed to attain uniform distribution of those nuclides on the leaf sur-
faces of the plant. Humidity is closely related to the retention and the trans-
location of the nuclides in the plants. So, after exposure, half of the radish
was grown in the atmosphere whose humidity was 70% in the daytime and
100% in the night(Group A). The other half was grown under constant
humidity of 70% through day and night(Group B). Outline of the device and

the results obtained are summarized below.

*  REHREFAE O BT S PTIRBIK AL BB E BT 72 48
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1.2 REMEZEEOER B & ik

1) Outline of the device: The device consists of exposure chamber, aerosol
generator, hydrophobic filter, cotton plug and HEPA filter.

Test run showed that almost all of the radioactive aerosol was trapped in
hydrophobic filter, but negligible amount of radioactivities were sometimes
found in cotton and HEPA filters.

2) Retention and translocation of 3%°Sr, ?¥Cs, *Co and **Mn in radish : 24,
48, 72, 96 and 120 hours after exposure, the leaves were washed with water.
Percentage retentions for Group B were always less than that for Group A.
Percentage translocations of ®°Co and !'*’Cs to the tubers of Group A were
10-30%, while those of Group B were about 10%. Only a few percentage

translocations of ®Sr and 5*Mn were observed for both Groups.
1 @FLHilc

JEF hiERD O KA RSN RFEDBEORTEBCET LR DR TR &
CHBCET 5, 2 LTERHACREELRTRMECEICEN, 26D LD
RUTRHCERING, MBREMERY Y OMEWERCHET 5 KEHELED &2 B EYH/)
SVABTOHOBRBECRERRVDICLD IS I LMNTFRINS, L LEd o REY
CRBAEHBEPETCS OO TRIEM LD Y, BEWOER - TERMTER I
Bt sy,

BEEEED RIEYER~ DM ER S L FEmH» 6 OBRMEIC & 2 B2 ZRRIVICKD &
YT ARAREBNAILCT, B L FREBEPHCIT 4 — NV FEBRFITDIR T 5299,
ThbbBATERCRSEREOKARL I ING %2 L Y T & 2ok 7 2 EARMEHY
MECHETEL, MERLOCFLAFRERFNIKD T3, Ly LED CEBDOREM &
CTEEDEHCHE LLRIZLTAFCERMINLRIBEZ KD L 5 L T2 ERRIEBED TH
Lo, b ETRERCEATKRIEEELZFER LI b v —F—FREITH T L HTERIRE
HTHB, LV ->TRIEMEA~ORIFEERRBRIZEBREZNOATRRES TiiH 0T
Tyl 6w, ARERH VRIS, ¥7Cs, %°Co, & F5*MnT 5 5 35, °Co,
FIUMnR R FHRREALZOBE» RSO LDHIBBTH Y, BIEWE
HCAAELTHRN3IN) 2 REOH KB TH S, 2 71:SrtCsiEERDOBIIRTAP K
HANLARRNLBETDH S, TOL) LBEPERCMAEI Y, BEROCTETCRTTS
BEEEBORYHET A RO LR ERCERICRIZMHEIE T2 OBBORT 2 ERINC
EBHFTAIEYEE L, HELERFETCERCIRIZAEFI R LRV 2 DFEHE
26N 5, TLbbERHIHRD THCBKETH 2 e, RIFKCFEGEER ML TH
HIVLHEBSURIBR-EZRTHELRETDH S, BIBHETRAEVREL TS 0D
REEHERDEROLB - TREISNECBEY 5Lty EL N0, BRETREY
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CAELREY DY G v LR, BRPEEPANS I L GEOWREED A AKHR
PHELTCRBLPEAT LV ZELONS, 2 I TRIGH 2N LT L L TRIEMEEE C AT
ES¥, 2ORO¥EYEWT 5 FEPRE LI, ARE R, O RFHEREOERD K
FEMNE €5 HEOKRE, OFFF LIKGHEREDOER Y 6 ORI, QFE» 6DOBIL, ix
MCRETIREORE, OKECLZBEE, CO0TERZITRIDTH S,

? EREEOMEIRIOE®MLEICMT 2 TR

BETHEEORER Y BRCEL A2 EB L LT HROBEHEEMEM AL, &R
%1 65MHzD & I- & b EREL0—30u D/l FAET 50 BRIFHOE 1 B BRI &
HEISEARD CHALLEEOBME2Fig. 1 WRT, RIABRBO T EE L ETRIR

Exposure chamber

CaClz trap

HEPA filter

Fig. 1 Exposure apparatus for preliminary experiment.

BrosRkeANT s L, RIABRRIBR L L YRIBRED LEHOZEMC 25, 740
A—TRTHALLHRL b CHBIKBRIBERRHIRAL, EBORY EDHFRENIC
fintd, CCTELEBROAANICHEZE L L > BIRBHRIZERL LY ma8BA s n,
BREZ A v Z—ThRrEIN b, BWKRERZBRCICHIAREBLAI VS Y 2ETERS LR
%, HEPAZ 4 v Z—%Zi@oTHIKRIE AN S, AREBHNOZELRLHE S ¥ 5 2 ICHEPA
7 AN Z—DBREPER O ZEEKRFET A v —2—TH®3[ L 1,

AEBOREEL G CHEPLPRRT ALDIIB= VI VB ) U 2KERE L EAFL Y
T —IKEHR e KB CARBORIATEE AN, AR I N6 DRIBRDBRIEE? R4
3, KENCRERSE2 L L CENEBOWHRELRR LI, Z2OBRKELIREBTS
PARBRZ RE S 5 10D I IBKIEEDI-4AMILETH - 72, KICBEHET s BeaRIRBA
T ANZ=LUBRO 7 A v Z— BRI b o 12 h%, BALA v & U 282K D R
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Tt 53CaCLEITFOEMPRD o, 1, HAEZ AZ—R3H3mIOKT 7 4
X—LHEN b lewis, FROZWSIL TIAKBREBHNEATVBRLL I LD
ol KBEEPOES S FAEVHREZ i vd—@BLLECI L2 6 EBERIZHER
TAHIEDPTE LHEFINL, Ly LAKCEEADFHFLREDL( LEMATARIEZD L
K TARDDRBETILEN DS I LEADI,

==V REORHEIF VO TRIEVEG LRI TH S, ARBELHCTRFHR2 » AHRK
LI —= O 1HITCCo M LIZIEHE 2 I0IRE L 72, BET 5B EORE /MK
FeMEI ¢ TEORNEREDI v 15 LIBRKBEOERLHEL 2, Table. 1 2R T

Table 1 Depositted activity of ¢°Co/unit area of front side and reverse side of pimento
leaves. (cpm/cm?)

No. 1 No. 2 No. 3

Front side Reverse side Front side Reverse side Front side Reverse side
492.4+5.8 12.3+3.9 493.2+5.8 10.5+3.9 211.1+4.8 4.0+3.9
407.4%5.5 12.94+3.9 611.7+6.2 7.7£3.9 716.9+6.4 14.2+3.9
573.0%6.1 15.3%+3.9 753.0£6.6 17.2+3.9 268.31+5.0 10.1+3.9
414.7+5.6 15.2+3.9 817.8+6.8 14.1+3.9 837.6+6.9 7.4+3.9
563.0+6.0 12.3+3.9 1018.7+7.3 14.8+3.9 582.4+6.1 15.3£3.9
Mean

490.11+81.2 13.6£3.2 738.9+£203.7 12.9+5.5 523.3+277.5 10.2%6.4

£ 3 ICoIRBER AV EDORMIATEL, BMEEDLIZ Y CMHFLILYCoBR 1 HDES
ETEORBEORLIMIIH S LRIV, BEERBBUKE 7 4 vZ—L Ihifid B
B, kAN sl T CHEPAZ A v X —DREREZBE LI L 2 AFig. 20 % 5

186  cpm
0.166  cpm
0.337 cpm /5¢
0.336  cpm /59
0.236 cpm
0.235 com

[E T ST

Fig- 2 Contamination of apparatus after exposure experiment.
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BkEZ 4 v 2 —TRIEELECHREINB LEL OGNS, “ColAkeIBHEL T3 Ak, BEL
RERAEL, BREISNIEHE BRETIHALIFEHECERLLHAGZKRD I, Fig. 3

Removed by
washing

Retained

Translocated

Leaf

Stem

Fruit

Root

0 0.5 1.0%

Fig. 3 Percentage removal of *°Co from leaves by washing(A) and distribution in various
organs(B) .
72 hours after exposure.
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AN, THRRATOKERIZE > T2 F 27 BV IET 5 2 L3 X UERMHEH L ICKS
PHREIERT ALY ERIAFERTHILELOCNRT V3, o THREESRGTTRERS
RETHRESNLCRIBS FE» CHOBEHEKSINARIBY RS L3 L TFRIN
3, UTFIEDAF Yy ZEE BRI FUTTHE £°Co,'¥Cs,¥Sr3s & F“Mn% - TLHHB L 72
ERIODVCTEZOMEX B3,

NYAXL areW ECEBEL, BE%S B H KBRS SR U, KBRS RS L T15
BEHGCHAT A& 5 LHBIKEERREEELHEML T®Sr,%Mn, ¥ Csis & F°Co% R L 72
RIBHE(1uCi/mD) 2 Y H XA 2V DECBE L, BEBER TR YIXL 2B 2K S
WTATLRREANTEE 2RV, Tbb—FHREEOMAMEE2B% U ECRFECE2 &
S CMBRE 2 EA L TIE L ONERX), )iz 03 8L L T L EmER),
B M XM X A58 - B 1205 25°C 20KLux, & SR 126:R] 20C ThH - 72, HREDO R
BRI T 1R240F M, ABRER, T2RER, 96RFMII & CF120MERITR AT o o, BRI Y A XA
2V R EBRE A LG E AR IS L UMCAX R L TEEBOBENREZ KD 23 ¢
AL TRAERL TRESNARIZERD I,

AEBRCHEA L CRIAKEBERE ¥Fig. 4 ORT, AEBR Y XA a v EEEEC

Air intake N
ugh

72h

96h

120h

-O

50 100%

Fig. 4 Schematic diagram of exposure - : Root E: Tuber D :Leaves
apparatus.
[]: Removed by washing
A,A’: Hydrophobic filter, B: Radioisotope N: Non humidified H: Humidified
solution, C: Ultrasonic generator, D: Ex-
posure chamber, E: Paper filter, F: CaCl, .
column, G: HEPA filter various organs of radish and per-
centage removal from leaves by

Fig. 5 Percentage distribution of '*’Cs in

washing as a function of time after
exposure.
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KEZ AN Z—UTOREBTERET 2L L, ARBEHC, "YILL 220 TH
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NI HEA 2 DECHEFLIVCsOBRERL 6 FLARAZRE LU 2 7 EEORNE
fLidFig. 5D L 5 ThHoT, KL L - THREINAEGIFEHOBERIFE-THE k-
o MEDHETILET 5 L MBXDOHPEMBX & LB L T/RESNTECRET 2547
Bl RAERBALD NI, NV AIXLAVEBECRYANRELASL LELRELECE
ATREINAVARBTHEI T HMELIYCsD I b DIW~30%H R 3Ns, »7
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o4n N

ugh N

72h
H

96h
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120n N
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) . 1002
B : Root [: Tuber [] Leaves

[]: Removed by washing
N: Non humidified H: Humidified

Fig. 6 Percentage distribution of ®Sr in var-
ious organs of radish and percentage
removal from leaves by washing as a

function of time atter exposure.
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Fig. 7 Percentage distribution of **Mn in
various organs of radish and per-
centage removal from leaves by
washing as a function of time after

exposure.
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EEIRAS LHEVEDONS, Tukey? bR 744 ) EBTRBERLL T, 7ok
Y AFEBRER LBCEROHS I LEREL TV 5D, AERY» O INEXRT IR
HHOLNTE 5B,

Fig. 7O & 5142, “MnTR®SrtRBCECRET 2EAREMEX L IEEL T, MEX
TIREFFOBBIEoTRE Loz, T4LBEMER IS TE, AEINLOTEIR
#T 3 8AYEERBH50~60%TH h A EELL v L, MBEX TR
HoT Kb, 1208 HIZIR0%LI EICZEL, OBRBECRTIERETEADON
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N
2lh
H

48h
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. : Root -: Tuber :Leaves
[J: Removed by washing
N: Non humidified H: Humidified

Fig. 8 Percentage distribution of ®Co in various organs of radish and percentage removal
from leaves by washing as a function of time after exposure.
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1 & m

Transfer Factor

Shin-ichi Yamasaki

National Institute of Agro-Environmental Sciences
3-1-1, Kannondai, Yatabe-cho, Tsukuba-gun, 305 Japan

Abstract

The concept of transfer factor seems to be not widely accepted among agri-
cultural scientists. Experiments aimed to obtain the transfer factors are,
therefore, rather scarce. But it was possible to calculate the transfer factors
of several environmental polluting elements from a series of experiments con-
ducted to clarify the adverse effects of contaminated soils on the yields and
contents of heavy metals in brown rice.

The transfer factor of Cd, thus calculated, ranged from 0.01 to 5.00, and
showed a nearly log-normal frequency distribution. The derived mean(x*)
and the “normal range” (L-L’) were respectively 0.32 and 0.03-3.02. (x*=
antilog x, L=antilog(x—2s), L’=antilog(x+2s); where x and s are respective-
ly the mean and standard deviation of the log-transformed data.) The der-
ived means and the normal ranges of Cu and Zn transfer factor were also

found to be respectively 0.15, 0.03-0.76, and 1.16, 0.09-14.2.

=3 S8R i A
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Fig. 1 Trace element in soils and the lithosphere.
Open circles, black circles, and vertical lines respectively denote mean content in
the lithosphere, mean content in topsoils, and values commonly found in topsoils.
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Fig. 2 Histogram showing the distribution Fig.3 Histogram showing the distribution
of total copper contents after log- of total nickel contents after log-
transformation. transformation.
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Fig. 4 Histogram showing the distribution of
total chromium contents after log-
transformation.
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Fig. 5 Histogram showing the distribution Fig. 6 Histogram showing the distribution
of the transfer factor of cadmium of the transfer factor of cadmium
before log-transformation. after log-transformation.
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Method by Use of Transfer Coefficient

Misako Sumiya

Division of Radioecology
Laboratory for Radioecology, NAKAMINATO
National Institute of Radiologicai Sciences
3609, Isozaki. Nakaminato-shi, 311-12 Japan

Abstract

Transfer factor, TF value, is widely used as one of the key parameters in
the equation for estimating the amount of radionuclides transferred from
contaminated field to crops. This parameter is commonly defined as follow-
ing;

TF= radioactivity in crops accumulated in their life span (Bq/g - wet)
radioactivity in field soil (Bq/g * dry)

This value is variable according to chemical properties of soil, plant
species, chemical states of radionuclides and so on. Therefore preliminary
experiments were carried out using solution culture to know the effects of

those factors on the TF values. Komatsuna, Brassica campestris L., spin-

ach, Spinacea oleracea L. and radish, Raphanus sativus L. in a definite

growing stage were transplanted to culture solution in which ®Sr, '#7Cs,
1311, 54Mn, %Co and Zn were contained. Instead of TF values, 24 hours’ up-
take rates (TR values) were measured.

The effects of those factors mentioned above on the TF values were esti-

mated from those on the TR values.
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2.1 BAREEHCHE

Table1 Activity ratio of various radionuclides by one day uptake experiment.
Plant Cs-137 Mn-54 Zn-65 Co-60 Sr-85 I-131
K
omatsuna ., o7 4.8 1.23 0.38  0.70 0.3
(Leaves)
Spinach
0.96 4.54 1.2 4.54 0.67 0.36
(Leaves)
Radish
0.47 1.53 2.62 0.5 1.28 0.18
(Tubers) 3

(Note)

1) Activity ratio is defined as activity per unit weight of plant sample divided by the
mean activity in the culture solution.

2) Carrier free.

Activity Ratio
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Fig. 1

Effect of stable iodine concentration on 31 transfer to roots and leaves.
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Fig. 2 Accumulation of jodine (iodide and iodate) in shoots of Komatsuna, Brassica Rapa
var pervidis, as a function of time.
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Fig. 3 One day uptake of iodide and iodate by Komatsuna, Brassica Rapa var pervidis, of
different growth stages.
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Fig. 4 Activity ratios of various radionuclides in ears of rice plants as a function of time.
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Soil Nutrient Availability Test

Shigeyoshi Gotoh

National Institute of Agro-Environmental Sciences
Kannondai, Yatabe-cho, Tsukuba-gun, 305 Japan

Abstract

Soil nutrient availability has been used to determine the need for P, lime
and K fertilization. The general concept used in terms of availability for
lime, P and K are also applicable for micronutrients. The availability of soil
nutrients is related to the amounts of nutrient in the various solid forms that
are in equilibrium with those in soil solution, and the rate at which the solu-
tion phase is renewed. Ideally, a test of soil nutrient availability would mea-
sure the portion of the solid phase that is controlling the availability of the
nutrient, and also would characterize how rapidly solid phase would go into
solution. At our present knowledge, this is not almost possible. Therefore,
nutrient soil tests generally attempt to measure one or several forms of the
nutrients in the soil that is related to palnt availability. This is closely as-
sociated with the principle of soil nutrient pool as exemplified with the follow-
ing forms: dissolved in soil solution, sorbed on the soil particle surface, or as

constituents of the solid phase (sparingly soluble minerals, organic matter, oc-
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2.2 HERRENIE S
cluded material) .

The concept of soil nutrient availability is carried out by 1)the extraction of
available nutrients with chemicals, 2)physico-chemical or 3)radioisotopic
method. Recently, a dynamic approach to nutrient availability has also been
presented for uptake model in terms of mass flow and diffusion. This has
placed some aspects of the nutrient supplying power of soils in a quantitative
flamework. The idea of chemical pool operationally separable by chemical
extraction sets the stage for subsequent studies on the use of sequential or
selective extractants, especially with regard to micronutrient cations. In gen-
eral, the chemical extraction procedure do have the convenience and rapidity
of measurements not afforded by all of other methods, and employed in rou-
tine analysis of soils for available nutrients. The results obtained by chemical
extraction are calibrated against field tests with crop plants to allow for the
different nutrient availability of different crop species, under various environ-

mental conditions.
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4. VTHRRERL 9 DRIE X
TR ETH L CHELBRGAC, DERIDOEIRE ( THEEMEL LT, T#
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OOV Z AT AT RUTNIEERY L v, HWHEY CESZBINT 5 DI, —EORE
EHWL, SHCL->TEBINLESY, MR CBITTAEZ A 0h T v, HHOES
Wi, LI b EmmGER 2 DD DH 2, »FTHIZLTY, FDOL I L TR
RS R EEBELMET, CETCRALFERL G, LT, HBRNAENL
EHoNBHFRIOCTHNS,

1. e2mhix

a, KEHHE

—fiz, TEOKHL, TRES—vO—-HERET L AT L COT, THREEDZRK
HEHEL L TRABELTH S, H—DfFINE LT, 1R ROBKMEERIR, HHOHY
FNE L HELHEREYH L 2 Lo TV 5,

b. F9EECIEEEY I 3 HiE

FBOITEOMBE CHLYT A DL LT 1 %27 yEBMBER, YV VLI 0Y VD
ARAIERIEE L LTBE b H — RIS T2 HFETH 5, R, Wy SR SN2
IREEA A KT 5 IREEZK YT, HMRSZMEECT 2 L3 F 2 HET (RBKRED D
5, WmEg L LT, 0.1IN HCI, 0.05N HCI+0.02N H,SO,, 0.1N H,PO,, 1IN H,PO,%
EPmigEaEomtA L LTHCohTY 5,

c. Hitifis & FEER R 5 Kk

WHREESE, BEBLS L UBTTAMETHET A LI Z A RIS FETHE, 2L
2L, THRTEY CEEDBEIE TIE, 0.03N NH,F+0.1IN HCIZHv TP 2 HiEDDH
5, PHEOADYEAN, RENLMEH L LTIN BT =0 20H9 4 ) T h, AN
YU L, BEBCOVCTRHAANTV3, 36, BELBOTRETM v 6h s HBHA L
LT, IM MgCl,, 0.5M Ff#E7 > €= & (pH4.8), 0.2M MgSO,»d 5,

d. HREEKD

HEPIAR & IR DM B U B IEIRDREA A VIRECE L wpHIli % b O RE R
9, —EpHUHCTHREESPMBERT 2 HETH2, Bl LT, HETyE=0
LFEMO0.002N H,SO, 2 FH v 5 WHSHE Y S BRI E D H 5, ’

e, ¥vr—bAIZH 2 K

—ikc, TRERESBEMLAL L THERLAIRINT V5, AELLI > THEIhEE
SREXr—MLAWEERLTHY, 1EES 77— LEEL THRERT LEERTONE
PRI A H B, 61, MbiikpHZ LEpHIAR T E2MH 2 > TV 5, ¥
v—MAIE LTI, —f%EDTA, PFY'Y, Lwd387rE=v 4, DTPAHHA ST
Wb,

f. MALETH 2 5 5%

TP CRHEMLBILETRE LTOMEX ORGP HEET (L 2 8%, <04
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2.2 wIHEBRLEL

V) INODLER, EFLIEPCTEERHE LT3N, EXHEML 5L
SoTaiEfbans, AR, BIEHOREPLHB-RERFINTOVL2MOESE b HK 3
e, —FlELT, "M Fex/ 20 2%RMINRINF#ET »E=7 4 (PHT7.0) THiH +
5 HIEROWRE~ o X DBEEDDH B,

EBD & S, fLARHIAI L L TR LR, T, BEREYRCLAT
5, CONFEOBMES X ERER, RomMEEZEECEY b~ TORHIC & 2 RIX
®tCalibrateT 22 LIlS»TRESN B, L L, ZOHFEOREIR, Z2DEHEES
f, 3614, MMEERCEEAROEERRG ( TREBHS 7 — v RS ¢ 2 TR H 5,
SDEIRREEMEI DL L TTFIRDFEIHRI NI,

2. MR TERE

BEHERMI LR 2 v 2 HEHE S BT 22818, Hevessey(1923) 23 »DIFA 2 L 4T
5, L, REVIREEFUEECROCFHAINE L3R -0D, A&IICE
EINRRIERMNTRIEZCAFARL L S RE2IRKEBHRTH S, COFER, HsT
FEVEU B LBDOI~NNMELI R E) #MiL 3 2 EiC & » TRBEIG & P
CHRAL3 Y, WMIREBTROERLIRLTAbDOTH S,

bt xi, TEPOTRBY VEBRKO LS LTRDE I LT E 3,

P32 (Solution) + P2 (Solid) == P*2(Solid) + P*! (Solution)
FHLRIE 35> Tk
P*#(Solid) ~ P*(Solid)
P*2(Solution)  P*'(Solution)

P#2 (Solid) X P! (Solution)
P*2(Solid)
ERCB e TH e LEOP2RREPIE, E valuet MHZR T v 5, 3612, EHoP®
BRIz & » TH% 6 NIfliZA valued 72131 valuet LTHIGR TV 3,
COWEFRR, YV VBROR»ESBOIBECETIMRCACLAOOH B,

W21z, P (Solid) =

3. HEAENEE

Schofied (1947) »*, TARFEIMH LA L D FHRIC B T, HEBEHOAIRMILZ OLFERT
PR NERRIL o TRESNS I L RRIEL TLLK, 8% PEHERCEITCTOIE
BN FBET 5 2 ORAD LI NI, 2L 28, Schofieldd HIBFHF O Y ~
(H,PO,) DRz & 3 WUz T, Y EEEE & 9 $1/2pCa+p(H.PO,7) TR S L 5 fL2ga#
FUYXRNMILoTIRESNS L LR, 3612, Woodruff(1955) i 4 F 4 » Bifetk D 3%zl
My oh Y v st BT 500 LELEMEAHTANVE~AF=RTIn [aK /\fa(Cat+Mg)]
X, WPIOH Y U LRI LELR T ANF—CHE T2 EE L, OMESIRIERE (Activ-
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ity ratio) E LTHI G LT 5, —F, Beckett(1964) 1%, 1D H Y v LRIz D Tl
ERFOERTHHIGEEL L L b2, 5 FORERT (Potential buffering Capacity) # &
BRFRTHAI ERBHALIL

—fiz, WIEALER L FIERE, LENFECHSTERELR#EY 2, LY ET 5,
rOicwi, —CBENTRERFONERL LTHAINS I LT, L L, RER
BRSO TR C BRI P SA T 5, 2 LTHREMAENLMETEL LTHY
LTV b,

4, TRKDES AL I BESDOTHMEICEI(FHE

Barber (1962) ix, ##¥iox§ 5 L1EOBSEBNVB~DOBHMEBREE LI > TRES
BILERELL, 2OEER, HOMEL L b, EBUKOH) = 5 | 1Pk (mass
flow) R HEEK (Diffusion) iz & » THE3NL ELTWV 3, 2D LRKRRIZL-TRENS,

4G . dG,
j—Dl dx +D2 dx +C3V+d

JERHARFRN RO BMMERCHET 24 4V ORE, DD ISERFXRE» 6 O EEE
(S A F COHEEE, C, GRDEEL TOA 4 Vi, G HEREIDAL A >
BE, VEITEKOBRAIM~OBIEE, a3 EHTH 5,

Barberid 3 612, 1) HEFOENPRKEHEMEBT LB L ANS T L, =240 0, &
ROKBAZ2ERTE 295, AV UVLLY VEBOBERIALELCI L, 2)V VEERLA Y U &
DREAFIIEE & - THERICEE, Bildhs 2 L ZHorizLic, 2OBE, VVER
AY VLRI ZWMINF LT AREZIR L DR FORECAL THEkES ST 2
LRACIELE, ThOoDEMRER D LIZLT, Z2RERDATE(HMBERIOCTHAWED
WHYEah>20H 3,

5. SHEOWEFE

WSEEPHENCHBI ALY R, RFMPEST, BMEESTH 5 L1 EEBR A
LIRABEE»RD OGNS, ZOEKIHCT, IRITERLRFEDI D, TOERIAK
T35DL L TILERNUEZEYETONETHA S, 2L DRy PRBRPEAERRK I & 1L,
AR O RS I E P HEOEE, [EORM L - TR ILPHMONT V5, Tib
b, HATFEATS THMOLFEIRBEHTE L VI LY E, 2O LRREMIIOVT
bRATH 3, THOBNMER NP L VHEECHET 0, ABOWE AL LTLEOHE
BERRENF (RE, pH, k2EFE, AMYE) 2LV —-BEETILEYD S,

36, LEMMBEZ L Y RBSEL O L LT, 1EESORENEHBEVBHRES
Woobb, COKER, FHEEFPE— VI LESNERL TEMORINE CEESE 5
CERHMELTY 3, ELLT, EE2BOWMASTFILCTHAHAINTY 5, AKX, Kk
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2.2 THRHERIEIR

L EOCHMAY GH LMD KEEE ZBIRL 5 s vl Al MRS €
T, FF— Ve FEEETAbDTHS, —HleEET 5,

1) KR skt

i) eERE 1M MgCl it

i) FrERUCERE  EEERE (PHS. 0)fh

iv) Fe-Mn#{tisa% 0.04M NH,OH - HCliFm

25% kA,
v) AiE BER{UKRLER, B L FRERT €=U A5
vi) i 7 v (kRS #

SE XM

TROBX L v EEIZGIAL I

D) il E—, HEPOTRERTOI, SA€S, Nol2, 85~89(1985)

2) Soon, Y. K. (ed.) Soil Nutrient Availability. Van Nostrand Reinhold Soil Science
Series, A Hutchinson Ross Publication, Van Nostrand Reinhold Company, New York
(1985)

3) Walsh, L. M. and Beaton, J. D. (ed.) Soil Testing and Plant Analysis. Soil Science
Society of America Inc., Madison, Wisconsin, USA (1973)

4) Cox, F. R. and Kamprath, E. J., Micronutrient Soil Tests. In Micronutrients in Agri-
culture, J. Mortvedt, P. M. Giordano, and W. L. Lindsay(ed.), Soil Science Society
of America, Madison, Wisconsin, USA(1972), p. 289-317.

5) Lake, D. L., Kirk, P. W. W. and Lester, J. N., Fractionation, characterization,
and speciation of heavy metals in sewage sludge and sludge-amended soils: a review.
J. Environ. Qual., 13, 175-183(1984)

6) Amano. Y. Classification of cultivated soils in Japan. JARQ, 18, 275-283(1985)
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Determination of plant available Zn

Yoshifumi Homma and Yoichiro Ohmomo

Division of Radioecology
Laboratory for Radioecology Nakaminato
National Institute of Radiological Sciences

3609, Isozaki, Nakaminato-shi, 311-12 Japan

Abstract

Aging effect of ®*Zn, chemical states of Zn and the determination methods
of Lp Zn values in 2 soils were examined. Lp Zn value is determined as fol-
lows;

_ (55Zn)total X (stable Zn)extract
LP Zn= (®*Zn) extract

Results obtained were summarized as follows;

1) The aging effect was not clearly observed because ®Zn introduced in the
soils remained in an available fraction for relatively long days.

2) There were at least 3 kinds of Zn forms in the soils from the isotopic
exchange point of view, i.e., rapid exchange form(possibly soil solution),
exchange form(several tens of days are needed to reach exchange equilib-
rium), and very slow exchange form (several thousand days are needed to
reach exchange equilibrium) .

3) There are two ways to determine labile pool Zn in soil, recommended by

Lopez et al and Lauer, respectively.
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2.2 TERHENAIER
Both methods were precisely compared. From the isotopic exchange point
of view, it is considered that Lauer’s method is too much time consuming but

more reasonable than Lopez’s method.

H3EhICR, BEOTEN ST I LUHBEL>THAEL TV 5, 2OHTHBCRIS 1
RTCIHEOTLEY, TREOTREMAT 2, IOWEEBICHYT 3 XiE i available' T
H 5, Lopez bVik@H THREZnO Al L 30 50.0060M DTPA, 0.1MEEES b Y v &
¥ & (R0 0IMIE L A v & v BT S 5 Zn%, Labile pool Zn(Lp Zn) EFFA T 3,
#ikt AL 51, ZOLp Znid 2 DFEFEY LA TRMGBRHRLLT WHEDZniz ML T
5, HBCARINKSEREOTREC OV TIX, 74—VT T FEEDO®Sr, ¥Cs¥ X
KUIZ19504F D 61960 s T, ZH 6, NS, BB, PMF, IRoitd»-T
moeah, IMBERE7 > =V THIHE 3N 3°Sris X F"Cs e TiRME L L T\ 5, HEYIREY
PR 6 ORHRERER ISV T, #BBRKOTB-WTRs I Eitl, TITR,1)1%E
SZn# ML e H t DagingDikT E, 2)%Znk br—F—LTHVAZLILE»THOLN
REREMDEEREL, 3)Lp ZnflEFE IS TERET 5,

Table 1 Physical and chemical properties of the 2 soils.

Particle-size distribution{(%) Exchangeable base (me/100g)
Total Total
. CEC

Soil . C N

Coarse Fine Silt al pH C M K N

a;

Sand Sand ! Y (%) (%) (me/100g) 4 g 2
Tanashi 7.0 21.5 45.4 26.1 5.92 4.51 0.33 21.0 7.57 0.91 0.22 0.28
Nakagawa 9.2 54.2 22.6 14.0 5.70 0.82 0.12 9.37 4.12 0.46 0.80 0.23

Aol 2 BEOBILEME # Table. 1 12787, RIRMACEL Tk, HELETE v
FOBEDEL, AN LFECT RS L D, 1 2RE, 28FE, BAX T H
ARCOCTI, HELHEDR S PRI LE LTy meEERLIG
Fig. 11, "AEZnOMILAFITH 5 DTPAFHRZHC T, SZnZHmL 12D H300HRE -
Er I TRAMNCKEINLSZne it LLERO S b HEHNERH 2 ) OREInOHLE
ERLIVDTHE, 22T H3DTPAKHEL X, 0.006M DTPALO.IMb YV =X/ —n7T
IV E0.0IMIBLA Ve U MRIED Z ETH B, MMERD 5 b LB EROERILIX 1
52 TIRALA b 5 M8 T H 5, WSS ZnDIRIE X 138400g42 > 3 27.4uCiT D 5,
—%, tEPOLINBETH IV LIELHEE—BIERET IR L THEON TEENERD
72 D&ZnEld, MELZETIX105ppm, ) LIECIX78ppmTH - 72, fE- TFig. 1 1278
3Ns L5, DTPATHIH AN AZnBRAZInEBD I bD T #ErTh-1, HZnB 2
HEUZAB L, o2 3READONE bODHRAUMLEHRAED bl o, DR,
Boawn? D EBR#R, T4bBDTPAFKRTHE S WAZnERBEHMZBIE—ELTV5 L
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A Tanashi soil (r=0.369)

o Naka—gawa soil (r=0.350)

| | | l 1 |
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Days after °*Zn administration

Fig. 1 DTPA extractable Zn as a function of time after ®*Zn administration.

A Tanashi soil
o Nakagawa soil

10

0.5 S.A, of *Zn in digestate (Tanishi soil)

0.1 ! | | l L1
50 100 150 200 250 300

Log plot of S,A, of ®Zn in DTPA extract (mCi/g)

Days after ®*Zn administration

Fig. 2 Log plot of S.A. of **Zn in DTPA extract as a function of time
after °°Zn administration.



2.2 WiRRBHIEE
ORISR LTB VR 5,

FRVAFg. 102 5 B EREBE LTI O2 ¥ A L NIDT, &Ma nlc®Zn
DAL EFCOw T, Fig. 20 & 5 CDTPAMMEES DS ZnD ik ETHE#IRIE L T3 K
BEeEELL, CORICHG L S HRGTRER, SZnifmkiE HRREE $ TR BN S
BUCA LI, 20%b DD TWERL»TH A RPOMEmMERLI, I 6DMERIL2 £
BirovTHBIZEY G, 7:300H 8% ODTPAMIE BSOS Znd LK SHREHT, 1IH
DEFHEFOHKSHEL v VBAFCHC I L AW AE A CED ol L EORKBRE,
IS NS ZnFEMBR T A OB BR2 2 DFERBL2EL TV Y, Z20OFER
BB THL YDAV AREIS 27 a B2 LPERLTV 3,

SInOWEERPERKI8 »r AT H 205, RIFYOBREHMIEI3 »rA» 66 »r ARETH
ADT, HEMCSZoy HIBUIBRTLICL LT, BT LIS ZnD 24N Ly O i >
2 aviiBEsI bbb, L LuREY I 2 a8 LTY, EIZBRRY
(EBRFOZnZ BT 2bUTRLZ VDT, THREOLZEINORBE PEIHIE HRINT
SZnD BT BITEL L 3, o TATREBOLEInDED 5 WREEZInC & 5 HFROBE
B LA, Fig. 202 HBORE» Cb» 2 L5, HEOBHEC I > THROBEY
Biss5THs, oTRUCED®ZnyBET LTS, HIB L > THRENFRL 3D THEY
CRTTASInDOBRREL 5 2 ETFREINS,

DL 5SS InDRIEG~DOBITIE L TREINDHFER, FEBEYHEECEAKRL T
B3It bioll, £ TINDCREEINDHFAELIE L KM, ELCELp ZnDRlEE
Cov TR Lv LR,

PP OREINDHEABETH 5%, ZidFig. 2 O IKETRED % HBIZA L d & HER
TAILLYT S5, MERICE, S, &MH, EMEO 3D 297, IndHFET 5 DKM
LPEMTH B, LB E LTEHEML 22%Znid, 2 THRHEOEEZn L A AELHRL, K
T 2 ORMHDOEARTDH 5 LIFERREAN L TR L OREYIT b b, LBAKPD®Znt
TEEM L ORI, 3BYORIEYHB EELONE, UL OREMNERRRID, 229
B4 4 R Kp, 3OoDRANHERICTH S, 26 32DOKED I b, HE G IXRAE
THREICHEAEYPTORIDTH A EE Lo, ML 6IEFig. LiwmLizE: 5, HiEd
CEYAMEEEINZE O TRBANERAY S L, 2P TREEZZ D TR
L TP EVEILL T B L ELONE D LTH B,

Table. 2 i, Fig. 207 =& o0 TRMERBEOKBEEZ M G 2T~ SZniFmk i+
BH2TD#E\component t £ D DIE > componentiZ2o v TEIFGRZ KD, > DEF
ANOMHBEBREZRDILL LD TH B, I DFERE componentiZD v Tk, HETFECTIR48A
B T», BANLECII2208H 2 THECHBREKZE L T, 272 v component iz
DwTIE, HELETIZEH BERRZ, B 1EC208 U CSCHBRE»EO R
2 BEDQ L St ER it RAMAELHRL CIBE»60ELT, Fig.2» 6 RBR( b6k
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Table 2 Regression lines and coefficients of correlation expected from log plot of S.A. in
DTPA extract.
Days after .. :
Component . . Tanashi soil Nakagawa soil
%Zn administration
y=0.697—5.65X10"%t y=0.982—8.43X10%
(1) 11,13,20
Fast (r=0.958*) (r=0.958*)
component y=0.656—2.99X10"% y=0.887—1.72X10"%
(2) 11,13,20,48
(r=0.972**) (r=0.723 )
" 20,48,77,104, y=0.544—2.31X10"% y=0.815—1.09X10"*
Slow 158,275,299 (r=0.785%) (r=0.843*)
component @ 48,77,104,158, y=0.513—1.24X10~% y=0.813—1.09Xx10"%
275,299 (r=0.906*) (r=0.805*)

*significant at 5% level. **significant at 1 % level,

Table 3 Extractable ®*Zn and Zn concentrations and specific activitites in the
extracts under variant shaking conditions.
Tanashi soil Nakagawa soil
Extractant
haking hour,
(s.a 1ng hour %Zn in Zn in Specific  ®Zn in Zn in Specific
soil.extractant . ..
weight ratio) extract extract activity extract extract activity
a8 (nCi/g.soil)  (ug/g.soil) (mCi/g)  (nCi/g.soil) (ug/g.soil) (mCi/g)

DTPA 7.48 1.44 5.19 9.04 0.97 9.32
(2 hours,1:2)
DTPA

16.71 3.54 4.76 31.95 3.45 9.30
(48 hours, 1:2)
DTPA
(48 hours, 1:10) 35.46 7.37 4.81 35.78 3.82 9.36
EDTA

40.44 7.69 5.26 34.16 3.65 9.36
(1 hours,1:10)
EDTA

62.67 12.94 4.84 51.87 6.09 8.52
(24 hours,1:10)
0.1N HCl

75.19 19.77 3.80 77.52 11.72 6.61

(24 hours,1:10)

Soils incubated for 60-65 days were submitted to the experiments.

CHTHIERE L L TORERBREDZn L, FHCHET 20K THEPET s RAAERRL
PTVHEDOZInE BEET I b ol 203 bRMEKHERL T CHEEDOInLFHE
LTABLEbHE2DTHANENZRLLL, PR YDOWHOInIMRHREL LTHET S
Edbrol, WYX EDBECT Y5 R 61, HEERPCELET A Znt RAAAELRL
PFTVHEDZnL Y, TREZNCHLY T EZEA65, FLOTHREBELORETV A,
Bh o RERREOINV SR EHEET DT, KEInD T —X 2 - TLifE» 6 RIEW~D
BIRERPRET AR, TEDOLTHHRELZFRIZ > T 2ORRELT, FRIZK,
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2.2 WHEERHER

THEHEZnE 2 b o T 2DV BB THE EELONS, CCTHMELLZ 2D, TRTEMN
RORETD 5,

Table. 31, 2 3> TDTPARKH &, EDTAER, ¥ & U0.1N HCl» ¥ 2 135
HTERDI Y DSZnD B, KEInD R, ¥ HBEES OSInD ILKSEEZRLIZ DT
b, WMMEHLLT, BAELSHES S CEENMBBROERILZMEBE» KL TH
5, %t HDTPAFHE - DV TIRERB~T LR CMRORKET, EDTAFKIC D TI0.01
M EDTA L IMEERE7 > 2=V 2 2 SURETH 5. 2 10EBRCKE, “Znimik60H 565 H &
PR DY s ot =TT LAY AR

OEPGbYA LI, BARE SFRMMHEALLY, RN T s HMBKROERRYH
KT 5 L%nt REZnDOMEBEH KT 2 6mH 227, s ZEET 5 LDTPARK
LEDTABHEOBEA C M RGP EDb - T b RIFE L WEXH ORIz, —F, 0. INEEEC
BY L Ti2eZnt R HESAOHE R 2 b 203, HiEHEEC o w TR, DTPAAK LEDTA
BHRCHETHO» ECie 5 2, TRETCELZCEEInZ—HHhEiL T30 L5 L
bid, fE->TOINERBIZOVCTIRIDL S LMBERAETCHR T AORELTIXL v LHE
gana,

R Lp InfllEFE 20T~ %, ZOLp ZnldFEECEA LI L 5 CRMARRLLT
WZnEEWRL, WL 2%Zo0 & BT LED O R IREIG O K EZn £ FECEEL TV
BLEDIKED S L TRONCETEHEFRCIT2DMlEERD 5, Lp ZnDfEi% KD 5 2 &

Lofi= (M Zn@) X (LA L S ROMEHTFOZnR) (1)
(LA LS %OHEH DS Zni)
i, AR ZnE ¥ KD 59 ib 6, FRHBIEALLSInOGREXMSE 5 296 b KK
BEFELEZzOLNn5,

ZOLp InDEZKD B IZOCTIE, 2@BYDEEYDH S, E2idLlopezb BERAL T .
BHETHS, Lopezb i3Zn® ML 1DTPA L, —EBD HE P8R FIRAIRE S L, %
O HED T —R L O Lp ZnDEZ KD T v 52, I TR I DK E,LopezD Kkt T 5,
fiFLaver®id, 4L b i3z HEDIZ 5 2 ZnR @M L, 60H flincubationl 72D %%Zn#
BMLTe L WDTPARE L SO 2HsBIRAIRE 5 L, 2OMBEOT—X2HCT
[FIERCLp ZnDEZEIE L Tv2%%, ZITRIONEPLaverO ikt 5, 2DL 5lp
InDERMZDHAREL Y 20D L 5 HFETKD OGN TV BH, WHEDOLKZ LI
PldA I T oAb, ZITHAEORKZ L TAB I LIZT 5,

Table. 4 =A% & 5142, HiMEMELE LTRDTPARK AL TIRIEAIR L 5 BRIz 2 B
LABRE DGR o T, HENMBEROBERILIZ 152 1 H10DBARMlAAbY THN
2o 2 RDTPARHLAOHTAl L L TEDTABRK ZHRA LT, ¥R ER]IZ 1
10 LT 1EFBIDRA LA L 5 DA L2UBRODERA LA L 3 DBA LSV THENTE,
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Table4 Lp Zn obtained unber variant shaking conditions.

Tanashi soil Nakagawa soil

Extractant
(shaking hour, Lp Zn{ug/g.soil) Lp Zn(ug/g.soil)
soil:extractant
weight ratio) Lopez's Lauer’s Lopez’s Lauer’s

method method method method
DTPA

4.89 19.25 1.61 10.73
(2 hours,1:2)
DTPA

10.69 21.06 4.19 10.81
(48 hours,1:2)
DTPA

5.07 - 1.78 -
(2 hours,1:10)
DTPA

10.78 20.80 5.01 10.68
(48 hours,1:10)
EDTA :

9.48 19.02 3.4 10.68
(1 hours,1:10)
EDTA

16.09 20.65 6.73 11.74

(24 hours, 1:10)

DEPLb® AL 51D, Lauer®dHEII D TRDTPARKOSA, TR0 RR
he—FC LTRAIRE SRMZ2EE 3¢ 5 LLp ZnDMEIRR KB E#T 525, BALALSD
REflZ — 22 L TRt O BB 2 EH) S 054, Lp ZnOERIZIE—EDE %
mL1ze FIEDTAFHKII DV T, RAEL 5 b 248 DA Lopezd FiED h T I3 &
bECLp InDfEF R LI, it ® X, Lopez® HFETIRMBA LML FED brTvic
$->TLlp ZnDfEi»’, KBCEHTAHAPDHLI LERL TV 5,

fby Lauer® HEEDH A, MMAZEL T et &E2Z 2T, Lp ZnDfEi I3
FLWHEZRL, 27Lopez® 5L b bLp Znl L Y BV ER LI, 2702 TIEM
TH®T 2 b, LauerO HEOBHACEHABETECREA)IILEL v b B 255 wLp Zn
DIEHYH 6 012D, Lopezd HEDBA T BHELBOFyE-EC S HmREAD T b,
Laver HFIEDHAD L 5 RHAMRAD o hlg o1, TDLopezt Lauer® HF D - ic
#I(Lp InDMEDEEDFRE L L TR%Znt HFEOHMBHMOEENEL NS, D& )
Lopez® kT I B RENIL 72 2 17 488 RI T D 5 2%, Lauer® HEETI1360 H %°65 B R & J52fh
LTw3, 60H»65HM Ev 5 8, R2IZMO N & 50 HBICEIN L 225 Znd R AR 3 #: L
PFTCEHEDZn & EICE LK AECHI 5,

LopezD HEEDGA TR EREDBEA» 0 E L TEENIHARIBACRENLFETH
5,

85 Lauer D HEDEFA T IZ60HM b BB LIc PR A 2 L 6 £ 2 T, ERHBOBN
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1) Lopez, P. L. and Graham, Soi! Sci. 110, 24-30(1970)

2) Boawn, L.C., Soil Sci. Soc. Amer. Proc., 38, 800-803(1974) ,

3) Lauer, D. H., PH. D. Thesis, Department of Agronomy, Collorad State University,
Fort Collins, Univ. Microfilms, Ann Arobor. Mich. (Diss. Abst. 31: 61 57B) (1971)
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Mathematical Models for Predicting Nutrient Transfer from Soil to Plant by
Distribution Coefficient of Nutrient between Soil Solid and Solution.

Naoto Owa

National Instute of Agro-environmental Sciences
Kannondai, Yatabe-cho, Tsukuba-gun, 305 Japan

Abstract

A mechanistic model has been developed to describe the nutrient uptake by
plant roots growing in soil. In this model, equations describing nutrient influx
are combined with equations describing plant growth in order to predict nutri-
ent uptake.

This model has eleven parameters: lp.x, maximum influx at high concentra-
tions, K, nutrient concentration in solution Cpin Where Influx is one-half lnax,
Cmin, concentration in solution below which Influx ceases, L,, initial root
length, k, rate of root growth, r,, mean root radius, v, mean water influx,
r;, half-distance between root axes, De, effective-diffusion coefficient for the
nutrient in the soil, b, buffer power of nutrient on the solid phase for nutrient
in solution, C,;, initial concentration of the nutrient in the soil solution.

This model has been validated with a series of pot and field experiments
using a range of plant species and soils and may be useful for predicting the

radionuclide transfer from soil to plant.

*  RERSIHAM A
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M~ORIBITEZ KD AHEETFTVREULEDE I R E 2 TS THITONT 3, L
L, BFECECTREERECHYREEVERT 2 LT, AN & FESTIND B ik
BHRLEAYRCTHEN ZCI LMo » I Y, BH0 ERBRIERK] L5 —
B dEbR L Lo T3, Zhizflo TIRYBDAEBLMHRDOBE T IEFR
WeFwt PR 2BTORITETNVERBALIEEAF I v 27T vEFHL TEY
DEFRILBRED RN L BN THITbN T2, ZOFHLC-EFT VTS LEP B
AESOSEMRIEAINTL Y, REMEWE 2 EERY s 2 ERTE L vy RENIC
BBSHEDBO/EM~DOBITETVORRBCED L ABIOEZELONNLDT, EFNVOME
Lzl Tii<aZ L E LT,

1 EFLOEBE

 DFESINE F VLR O B HIBER L L T A RB2BEL, /ERO%S
WFFHE & L3P S35 A B OBBEME P IRER U A BFBEEYLEHEL LTHALT
Hrtontues,

¥, BRI A EYROBER~DESBITE (flux to root) JridkX (D) THEbH 3
s,

aCs
jr:De_a_?'_—i- v,C, (1)

Z 2T DA B4R & (effective diffusion coefficient), Csi& RIBEHD FHEF D ES
LABCTEECET A BESOBRE, BP0 OHEE vIIBERB~NDKIBITRTH
5, ERMWMOALOE 1HBEA L 2B BITR, B2HIKIBIT NI BFTORT
(mass flow) BT H 5., BHILEANRED. 13 D =D,4f,dC,/dC, DR % - T BB EH A
GRtENRI A= oKD OB, T IT, DIKRPOIBRE, 63ZERKSE fid
THEEHOILT EOBBEOERSDI/ETH Y [ > =X R 7 77 X% — (impedance fac-
tor) TH 5, dC/dC,3xB LT 54 * > D LIEEE N (soil buffer power) D#ERTH 5,

BERMCELLBEIR L HEPOBITRITRRE L2 20T, BEALZLMEE L TKRR(Q)
DALY B,

d2xrf, _ 2ardC,
ar ot

(2)
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o(rD.oCs/ar +1,C) raC; (3)
ar ot

ZDOR%, 9C,=3Ch(b=08C;/aC)DWFER#E-T, CRCELTERT S L

acz _1 ( acz 70V0CL >
Ty a?’ D

(4)

Lib, TITRBBOEETH 3,

AL VBOHBCB-NHESOREANEZEHLT 57200, MBEGFL 2O 0OERE
FEEHRETHIEVRETDH 5, MK E LTI, =0, Ci=Coltth, Cit Coid 2
NENTFROMMEFIRE LIREARFMRETH Y, MEAL Y BFBEVH—TD
BILEMELTV S,

2ODMREMED S bBKXHE -2 5M2HET 5 BRARE, 1EWOESBIN L Mi-
chaelis-Menten®D Rz L2 3> Tiibh d LBHEL KDL S R FEhsTHEAINRS,

_KG
Jr= 17K.C/ I E, r=v >0 (5)

ZORZRMD DS 2KAL, C=CORRNEMH S LIRAVEOLN, ABRAEMEVHRE
3Nnb, 2T, ERBr ol 3nsESETH 5,
aCl K, G

Db +,C,= 1T K.C/Te —E, r=7, t>0 (6)
FHBRR SR, BT 2 BOMICESRROBEAD L VI,
C[ C[, Yy=n, t> 0 (7)

LRESNA, I ThBBEET 5 2 AOMOB LD 6 RIS CORBRRLTG 5, b
U, BEET 2 ROBHINC & 9 PO BMBEMET LBAT 254101, %%m%%ﬁ
i,

J=0, 7r=n >0 (8)
Ll s,
DLEOBIRR LM L, BEF > 6 OBAMME 2 BRI FIT 52 L0 T2570 M
DERD G EGE LIZBAIE, B 5 0B L 5 AR T AR TEb S5,

tm
T:sz,] To(rs. S)dS

I TLBHADRE, J.(7, SRREESCH I EHBSBNETD 5,
COBRBRRTIROEEY#ZE 2 ARG L,

T= me,,L/]r(r,, S)dS-I-Zm'f dt/ﬁ(n S) dSdt (9)
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L5, ST /dBROMREETHY, ORI L W EL BIBIAEFT T 5 (BB &
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2 EBFNDINFGA—F EREE

INETRRTELETNDANTIA—R 2 3 DB ERDILL B,
1. I, maximum influx at high concentrations, nmol/m: * s
2. Kwm nutrient concentration in solution-Gynn Where Iz is one-half
Inax, umol/L
. Gnin concentration in solution below which [» ceases, gmol/L
. L, initial root length, cm

. x rate of root growth, cm/s

3

4

5

6. 7 mean root radius, cm

7. v, mean water influx, cm/s

8. 7 half-distance between root axes, cm

9. D. effective-diffusion coefficient for the nutrient in the soil, /s

10, b buffer power of nutrient on the solid phase for nutrient in solution,

dimensionless

11, C;; initial concentration of the nutrient in soil solution, gmol/L

BHID 30D 87 A — R IGKFHEC & 9 BHTNE LARBHROEXREDOMMGEL» LKD L H
5, KD 4 ~6D 7 XA—2IMOKABPERBEED 5 B AMREEZRT DT, LigEd
CHABT A HOME LR ZPEBIWE L TRY 3, TEHD» MBRADOREEL L ASIHE
EVOHBTE, nd HEFOREEL,Y 6, n=1/(xL,) POERRIZL Y RD B 2 EHTE
5,

BERD 3DDNF A=, LREOBMEAFHEZRD L DTH Y, ERENTEEBOR
Bt W—DORMTFTHET 5,

I EFILOKE

1 Ky FHER

COEFNE—HOE Y b RERETH DMUMD T 5, Classen t Barber®id, D
BEUA4BEOTIEC Iy En a2  ZHIEL, 2V VLAORNEREIDCTEFVIZE 5 THMHE
LA T L T ONIEZ L Ty 5, FRIEFig. 1 1RLICE S CHRBHDHEDB I
B7*=0.870&HHEA»ED NS, L L, 25NCTIERTMEZ EEboTvT, 2
OFEER, ZITHCREFTVORFEGEPR(DTHY, BEETLROBMTH Y ¥ 2B
DUTHATEL LV ERKEL T Y, ERCRBEE >R YEL Lo THEAYVR- T
BIODTHB LHESN TV B,
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Fig. 1 Relation between predicted potassium uptake by the Claassen-Barber model and ob-
served potassium uptake for 18-day-old corn growing in four soils in the pots in a
controlled climate chamber.

Table 1 Correlation and regression coefficients for the relation between predicted and ob-
served nutrient uptake obtained in a series of pot experiments conducted to vali-
date the model.

Model  Correlation Regression
Nutrient Plant species  Soil Treatment Used *  coefficient coefficient
Potassium Corn Raub silt loam T xK level A .0.98 1.10
Phosphorus Corn Raub high P Five corn A 0.98 0.97
cultivars
Phosphorous  Corn Raub low P A 0.90 0.49
Phosphorus Six species Raub silt loam One P level C 0.89 0.98
Potassium Corn Four Indiana soils One K level B 0.96 1.11
Phosphorous  Corn Raub and Wellston P placement A 0.85 0.98
Potassium Soybeans Raub silt loam 2K X 2bulk B 0.90 1.19
density
2P %X 2K levels B 0.97 1.09
Potassium Soybeans Raub and Chalmers 3 cultivars X2 B 0.96 1.08
soils
Phosphorous  Soybeans Chalmers, Raub 3 cultivarsx2 B 0.95 0.95
soils B 0.97 1.53
Phosphorous  Sorghum Six Malaysian soils B 0.96 0.79
Carrot B 0.93 0.84

®Models were A, Claassen and Barber, B, Cushman; and C, Itoh and Barber.
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—7, Shenk t Barber"»' 6 BORBMORL A HIECT I Ve v a2 DRy VREABRYITL
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PRI N T B,

2 EHRE

DEFNVIGEBROMI I 5 REERBRT bREDTHN T 5, Silberbush t Barber (5)
i&Chalmers silt loamT 5 O KRG 2K L, BETLIROMTEIBNOHEAIES
EERRBELRAMBBRASRSE R(7) 2#%E L1zCushmanDEF VM- TH Y 7 L ORI
DUTEFNVDOREZIT>TV 5, ZOBATIROBENMIBELED 5 2 -2 R EBOMBC
$oTEHSTLHDT, LE#EE» L 0~15, 15~30% & UF30~76em®D 3 BIizF U TENE
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LSDg.0s]
2
8 g
= 5] Y
SOOL § § = )
. i = 3 S
§4w- S A
3 N
: §
- 3001 N
o N
: ;
= 2000 -
5 &
X 100f l

[ovserved [ o0-15 [f15-30 [ 30-76cm

Fig. 2 Predicted and observed K uptake by five soybean cultivars grown in the field on
Chalmers silt loam in 1980. Predicted K uptake is shown for each soil depth.
EbYIC
CDEFTNTRAEEIR L O XA F 3 v 2 Ik LIEEHERE (soil butter power : dC,/dC) L L
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1) Baber, S.A.: Soil Nutrient Bioavailability-A Mechanistic Approach.
Wiley-Interscience. pp. 114-135. 1984.

2) Baber, S.A., and Cushman, J.H., Nitrogen uptake model for agronomic crops. In
Iskandar, 1.K., Ed. Modeling Waste Renovation-Land Treatment. Wiley-Interscience.
New York. pp. 382-409.

3) Classen, N., and Barber, S.A., Simulation Model for nutrient uptake from soil by a
growing plant root system. Agron. J. 68 : 961-964. 1976.

4) Shenk, M.K., and Barber, S.A., Phosphate uptake by corn as affected by soil char-
acteristics and root morphology. Soil Sci. Soc. Amer. J. 43 : 880-883. 1979.

5) Silberbush, M., and Barber, S.A., Phosphorus and potasium uptake of field-grown
soybeans predicted by a simulation model. Soil Sci. Soc. Amer. J. 48 : 592-596. 1984.
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Application of Soil Kds to Prediction Models of the
Soil-to-plant Transfer of Radionuclides

Teruhisa Watabe

Division of Radioecology
Laboratory for Radioecology, NAKAMINATO
National Institute of Radiological Sciences
3609, Isozaki, Nakaminato-shi, 311-12 Japan

Abstract

The uptake of radionuclides by plants is dependent on the circumstances
under which plants are grown. It is important to take the site-specific condi-
tions into consideration for assessing the radioactive contamination of agricul-
tural crops due to the release of radionuclides from nuclear industries. The
factors influencing the availability of radionuclides by plants include their solu-
bility in soil, which is reined by the sorption properties of soil varying from
site to site. Van Dorp and his coworkers have developed a prediction model
describing the soil-to-plants transfer of radionuclides. They introduce the
term of the distribution coefficient(Kd) to the model for expressing the sorp-
tion properties of soil. This new approach could be readily applied to widely
varying conditions of soil in the course of the assessments.

In the present paper, the availability of this new approach was compared
with that of the conventional one in which concentration factors (CF) were

used to describe the soil-to-plants transfer of radionuclides.

*  REHREFEA TR AR A

61



FLHic

FICEM S RS ERREX, TEOWME & CEMC AR SN S, T OFERORE K
e LBOEEIIL - TRLY, RIEHLFEL L THEARE)* PHCTERILI N
b, WIS LIRS 2R L, FRHZEHET 5 RETHEREE BT 5, Lo L, #EHORIL,
WEAMBITIEBIL VHET S8, COLIR—EDFE L H b LT TREMERED 13 -
BIEMROBITEED LI EREET VY [DEREDE] LPRATY S, D

BEYIORERE, BRERTEERTH 5, HEOKETRETECERE T 5 BIEHIG 3O 3
ChlzoTik, 2hoDEBECEET S 2 LyRETH 5, SEHREEE, REHERED -
R, MYOBIUEREY b L CBBASNICRBITET NV TD Y, BERE-FHR, 2 ORE,
B e RIFTERE LTETVHRT S A= EOoN T3, »¥F7 2 —XHDER
L& o TREMOEEMBEEORT 2 ZE L 0B LHMEY TRETH Y, Bl 2 HERECKMG
XL TEBEYEC LY, FERREEPEACET A ETKRELHAECL3DLEELG
b, TITR, FEEEEFHCIHEET VIE 0 THIL, db¥ T, RIMABEOH YR
IR E BIEREDBIR I D TRA LICEBROBERZ BT 5,

1 SEFRBEBAVEREETL

HIBOBEHREHEY CRINT 3 BIEWEROMEE X, BITREEYH 5 K (BTt
LT, ) PIAHINRTY 3, 5 T8 L REHESIED B P IRE % LIERRBECBITIR
BPRCTRDEZHFETHS, ZOFETE, TH, BITREGCCATENLELRINL, BELT
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HBEEONEMPCHEIMEDO N EE L > THIPN TV B, L L, BRI 2MIERE - M@
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CIREDISIRBEDLICCE N D, HDLCRBFRECEDEXRs N, 272208
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YTE 5, REERED REYTORELHET 5 D ILHEPFOREIRECNLDIE, B
TR E LTS 2 b ERTREL, HB LY 7 A— 2 b EPNBETDH S,
SEUREGE T R BEHESRRIHEAREIR T — o T 5 & L T HIEART O BSHERREIRE 21k
RTHATVAI LIEETHS,
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K1 THEOBITHRE L HEAERE
W0 2 R (ppm) FERE(KD

RT®&S LR BORE #EEOE T b T ERE (ppm) @ ke TR
1 H 4.8x10° 0
4 Be 2.50%10-3/6.00x 10° 75
6 C 5.5X10° 2
11 Na 5.2X10* 8.2X107*—2.6x102 10
15 P 1.1x10°
17 Cl 5.00x10%/1.00 % 102 0
18 Ar 6.00x10"'/1.00% 10° 0
19 K 5.00X10%/1.36 X 10 35
24 Cr 2.5X10~%*  5.4X10"%—2.2x10"2 200
25 Mn 2.9X102 6.9X1073—3.4X10° 14—10000, 4-20
26 Fe 6.6X10~* 2.4X10-*—6.8%10"¢ 150, 5—1000, 300—700
27 Co 9.4X10°% 2.2X107*—2.0X10! 75, 10—400, 7—50
28 Ni 1.9%X102  7.0X10*—1.5X10"" 80
29 Cu 1.2X10°! 3.0X10-3—8.2X10"!
30 Zn 4.0%x10"! 7.2X1073—1.6X10° 20—8000, 20—300
34 Se 1.30X1071/1.00%x 10! 20
36 Kr 3.00X107*/1.00%10~* (]
37 Rb 1.3x10°! 125
38 Sr 1.7X10°2 1.6X103—1.7X10° 20, 10—700
39 Y 2.6X102 2000
40 Zr 1.7X10~%  3.4X10-5—1.8%x10"?2 2000
41 Nb 9.4x10°3 2000
42 Mo 1.2X10! 5, 1—400
43 Tc 2.5X10°! 0
44 Ru 5.0X10- 4.8X1075—1.4X10"! 90—800
45 Rh  1.3x10!
46 Pd 5.00x10-%/1.00x10"2 250
47 Ag 1.5X10°! 10—1000,  2000,4000
48 Cd 1.50%107'/5.00%x 10! 2000
50 Sn 2.50%x1072/1.00x 10! 250, 200—1000
51 Sb 2.5%1072/1.00x 10! 15
52 Te 1.3x10°
53 1 2.0X1072  2.0X107%-1.2X10°* 0
55 Cs 1.0X102 1.5X10°%-5.9x10°2 200, 200-8000,  90-500
56 Ba 5.0X10® 4.9X10°5-3.7X10°? 20-200
57 La 2.5X10°3
58 Ce 2.5X10"%  4.6X107%-1.8Xx10°? 500-2000
59 Pr 2.5X10-3 600
60 Nd 2.4x10-®
62 Sm 1.6X10°2/6.4%10° 600
63 Eu 2.5%103/1.0Xx10° 600
67 Ho 1.8X1073/7.0X10! 600
74 w 1.8x10-2
81 Tl 2.5%X10-2/1.0x 10! 2
82 Pb 6.8x101/1.0x10* 4000
83 Bi 1.5X107%/1.0%10! 10
84 Po 1.0Xx10°%/1.0x10~" 25
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85 At 2.5%X10-2°/1.0X10"* 0
86 Rn 3.5%X10713/1.0X10-** 0
87 Fr 1.0X10-2°/1.0X10"® 200
88 Ra 2.5%X10719/8.0%10-7 100
89 Ac 2.5X10°'3/1.0X10"* 1000
90 Th 2.5%10-2/6.0X10° 15000
91 Pa 2.5X1071/1.0x10°7 4000
92 U 2.5X1073/1.0X10° 3000
93 Np 2.5X10-®* 2.8x10°>-1.3Xx10°! 15
9% Pu 2.5X10-17/1.0x107* 2000
95 Am 2.5%X10-%/1.0X10-* 2000
96 Cm 2.5%X107%3/1.0X10-* 600
97 Bk 2.5X10733/1.0X107%® 700
G
2T,
Cs R ORSHERRERRE (Bq/ml)
Co : HIERROD LA & 1B BEHERAEO & (Bq)
L * IR (em)
6 DAkGEE (ml o)
P D BIERIEE (8 o)
K, I omEMRE
THb,

FECHREEEN, Van Dorp Gizd » TS W2 ds, #6618, R (1) O MEHHLRED -1
DAAFDTHCHEH - & 5 RIEHZ EL, MO EBBEPRRIZL Y ED LY,

Cep=F-S- P:p +TC - L(ﬂf—tpKd) (2)
2T,

Cep TP TREOBETHARIERE (Bg/g)

F Bt TREsTEs

S L ERRE

TC :ZEdRE GZWEER 1 SOWPERCET s KRIE, ml/g)

P, BTEMEDIC ) ONHOERIEER (g/ar/y)

FPeoe D BATEMDIZ b OO T REBDAERVEER (g/ar/y)
Tha,

CODLEAEBBETREL DI A—=ZPHCLNTYV 3, TN LIRENLBR PR
L, HEBBRNCH2 CRERNIKDEBLIIDTDHE, 1L NTA—RD—2ThHs 5
BB OMEME 2 BT RE LA LR L2, Van Drop 6, RQ) 2 & - TR 7AW
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SERTEZL -, — RS, By VERISCTREMOBOBEER N T 5 LHEBHHRER
BRCHUARES hy/h3wlew, BNLIRSEAREL L Y Ry RIS 2 LY
mohTwv 3,

ERCHACRIEO [Ny FiE] TR LoERERIR, & 1OSERE(ERO) M RLL
BV ThHE, COBEERTIKNEEREHRCEEIN, EBRORQ@ORLI ST 2 —
REDER S X o hle, Lo T, #HOBNEY 6R(2) & v HIBERDBEIHH
S, HEMEREROSERREXHET A LT3, —F, fE—r AR EEZX]
oo TR AN L TIRRIRIAR 2RI, BREHEBREIIT 21T - 10, BRSO BEHMERERE
b o PHARPIRESHEE S 0, ARk, SERROEEE LTI LITES, 20L&
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2.3 SEBREEHC 3 EENEE
K2 ANy FETRD e HEAREME R CHEHBIE & Y H#EE U EREK

radionuclide method A | method B | method C

1omA g 4000 2100 580
133Bg 200 420 34
141Ce 2000 1200 210
“Co 50 360 81
S1Cr 1000 na na
134Cg 500 300 130
**Fe 700 2500 200
54Mn 20 60 22
193Ru 800 na na
138n 1000 na na
85Zn 300 27 10

metod A : Kd obtained by a batch equilibrium method.

metod B: Kd in van Dorp et al’s calculations, appropriately determining the plant uptake
observed.

metod C: Kd derived from radioactivity concentration in xylem exdudate.

na . non—available by plants.

LTE-2D#HEETHONHERBRBEER2 (2R T, Jh 6 OFEEROMEIR, =HDM
T, ¥L2—HOBREUNT—ELL, T4bb, SROERRT, 138 - WO KL
BREATOHE IR, BITREES Y PERBEOLFPERENECECS 2 EDTE 5, 1R
CHEEOBRSHEEE R R L I25A, IR o BREEP CBRFEORERM AL Y R RIS
NHECILLPMoNTws, 20L& 5%, BM3NRKFEZLHE LBFORERMA L DM
T, VbWwa [HEEXNEE] PROL-> TR e}, FEREEDOHEBERECLOD
¥hsrtErLOLNB,

EbYIC

PEEIBRS C BMAHERRES R S e, 2006128 3 82 R AWEM 2R T ARICIERS
N5, REMHEREI KRR S WA, BIEMH LY 0SB T&HEELHMMEER, K
SHERTEO BIEM~DBEBEETH 20, Lo L, EPEIEECS 3 HEHERy—HO 58
c3nst, MEBRERMCOR Y LR RIFDEBRER TN PEMT A2 L L5,
T & 5 CRERTOBRFEYE , MUBAEOSCEBBREECHE, VI VBT
BEOOTCORMERE» CWBRBPRE L L S, 1 HE-—WYORBGREDRADMLL 2
SoTRFFRELASEOBREVBONIFALHA I LVRESA TV A, 18 - B
D BRGHLEDORATIEBEL TR 6 CIEMRMAXIEL, B ARRCH LT 4EAED
MUBITET VRN T A DY EING,
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Compartment Model for Migration of I to Rice plant

Toshinori lijima
Dept. of Environmental Safety Research

Japan Atomic Energy Research Institute
2—4, Shirakata Shirane, Tokai—mura Naka—gun, 319—11 Japan

Abstract

The construction of a commercial fuel reprocessing plant is under planning
in Rokkasho—mura/Aomori Prefecture, north in mainland of Japan. It is
predicted that '*°I is one of the most important nuclides from the view point
of radiation protection. The cumulative characteristics of this isotope continu-
ously discharged from the site to the atmosphere should be emphasized
because of its long half life of 1.57X10%years. The probable scheme of expo-
sure is considered to be the uptake of this isotope through foods.

In European countries, the consumption of milk and dairy products is so high
that the transfer route of airborne ?°I to dairy cow via pasture has been criti-
cal path. In our country, however, attention must be directed to vegetables
and rice in addition to milk because of their high consumption and high fre-
quency of consumption. There are a lot of information on the depositon of
short—lived airborn radioiodine to vegetables and pasture grass, but only a

few on the root uptake. Very few information is available specifically for the

BARF A ERRE R LR
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migration of radioiodine to rice plant.
In this paper compartment model for estimating the amount of '?°I in rice is

presented. Parameters used for the model are also discussed.
1 FLHIc

FEPRRH AT e 3% O T8 AR R DR BHE I VR PIP R 3 b, ZORUBRBETED
5%, BEHEEEMYL,600HF L Rv-cY, RO YRBEPICERL, ELLTEYE
LU TABGCHERBEISS 2006 T 2 LT EHSRT V3,

R CIA B0k, BT 6 ORSMERMEBEEYIC L 2 FAIREHFOHI(BRELAREL
720 2D BN L 5 FURIRERE 2L CREEAIRT LRD X 52k 5, 1078 LWPIRIRER
24 A HIRIRRE L DT D 3,

RIS 051129088 BRI R T 5
(% ® & 100m)
M 0% §% EL 1mrem/y
EEBER 25
& W % K 68
R {ERIR 67
4 3 %/ R 57
WO O A 38

I LEMINS L 5, KAHFCKES N3 22 v TIRREMIEIRE?TREKDOKRE
#FHLLY, BUbYEHOERREMTH 2 KE~D'IOBITRERT 22K HE, 20D
129, brbiXPIOKB~DBITIZOT, BITEF v, BT ST 2A—& L F O
DT a1, AROBRETE 2 ORFOBRZBIT 5,

2 REHPrSESHAEMEAE

IKFROEIEHEE, HEIVROFEFL L IS0 TR, KROS5 LHMAIFEBOLNATL B,
(1) 7KFROFRT Sy ik R U k&R
JERHMEMIR  10AE o243 HE,  (HPREB)
HEB &s 0 4 A, HEEORA, ik
KARFKHE: 5 HE» G 9 A
H Wk
Zarael 5H~8H
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3.1 BiTEFNER

i & M

%k
oM 9 A Eok
56 M %ok

A OHHEKEZRRE, FREEDYCOER HERE
AKEBKRE 3.5~7.5mmH
2 % B 18 ~ 20m/ H HEEK
MW RER 1 84 ITH3008 BE
(2) IVROES

it HIBRHEINSPIIEA RARD b D & B i 8 n2EERO b O»E
2o, KEDRTVRL S,

% & HEESMRED L 31399% 0L LB mET 5, (10,57 F4kK)

® iy D HRIEEE AR~ OE IR T/ 3 v, HKEFCIZAA~DE R

K& v (GERL.
RO B W avRRRELXRETRL DT, KOBE-> TR E W RAENET

Hb3,
HADEZEN | HEWBILREIVREOAMD ML 2 LY B LKDEDL Sl
5,
BFHkH (A) | HiAKEB) | (B)/(A)

ot 1.6ppm 14ppm 8.8
M7k 0.5 0.71 1.4

BE | EED 9.8 23 2.3
K7 N 0.060 0.14 2.3
T35 8.3mg 57mg 6.9
7k 1.6 3.4 2.1

&8 | EE 0.48 0.83 1.7
xRk 2.4%X1073 4.5X10"2 1.9

LS, HEIVROTHERE L 2 OMOMEBIZ L { v aTHkdp g, EEHHE, L
KPBOHENI L v, LIV > THAFOIVERPRET S LVEETH 5,
EREDOHY (REWE p.251~257, 1985) b REOREHERL TV 5,

2 P|DKFE~DBITHRIEORE

UED LS miAn 6, EXFOWIHRIE~BITT 588 %, MOREFIEELZ 2 TKRD
LHSCHEET 5,

(1) HHE 2 &7 GEBHER)

REX b DIOAEY» CREDZAEE TD 5 ~ 6 » A}, ERAPOZLIIH L EER
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&, BT, 36UCMOBEERLLPIEAITBCRE T4, 20%3A» L4 A0
1Rk, HREAKREE 25700, BEICERLIZPIRA/ACERT 2, —HELRFBO
LK IEE, EHT 5,

(2) HfEz» 6 M E COMB ORFRLEL)

SHECHMA»ITON, ZOBMHPEET S, ZOM, HkPO 2B O MIZKIS
h, FRFCTEhOPIYVHEAPCHRINS, —HERAP O NI MREREIR s LRI
SRBL b HIKEILET 5, ‘

(3) WD o RRIHTELE T 5 IR (HEE)

8 B IMREZEMOBME AL L, BRI AY, KR IH~10ACKET D, 20
R I PTOBMBITII AR L, EFERCEFRINIIPIIRNMCBTT 5, —HERPD
NXZEZEL R ORI TEE LR BITT 5,
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! 1 THgT
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1011121 23 4 56 7 8 9 10A

3 PIDOBITHEEDETNEE /XF A — 5 DIRE
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A PIBITERDEF VILE RS B,
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A=A CHAS (§0)
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dALS:lw w+(f;LAfXd )

dt

DEFEPOH ARPIOE (pCi/m?)
P EEROERRIOR (pCi/m)

dAL =f&" VaXo— A"ALC
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3.1 BirE7wvGE@
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RIELBHR 2 O RKREY OB L v L ET 5,
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WIS A—=Z IO THRET 3,
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3.1 RBATET v GRE)
34 0.01(1/H) L e 3,
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3.1 BITET v GER)

d;%l? =fla— (A*sp— Ars) Ar (10)

Ax  loBLTEFEER (pCi/m)
I, CRAHPIDREE (pCi/m -« y)
At BEHRPIOFHTER (1/y)
Ags A ULIPIO 5 b IIE~DBEILFE(y)
Tr DIEE LI R s T
L=Ty VaX,+ ToxA [ Xdz an
X DR SPIREEHART G 5 U B 21D R A EESAEIERE (pCi/m)
X - X(Z=0) (pCi/m)
Ve D PHUEEEE (n/d)
A DR BR R E(1/d)
Ty D COMEOER AW/ Y)
Tor - SOOI HKA/y)
Ao, Ars B —FE LT 5 L (LO)RIZKDL 5127 3,

I

- l*sw"lns

Ag (1—e~ A*ats)t) (11)

RIZNRTA—RDOBRIAFITS.
LREE 2 Vv RD LIERE L)

HHEDORBRI L 3 L REIVERD LIE~DWE LI LR MIKIED £ $99% LI E L X
5, LizatoT,

AR=1

A*sw (HAK~DIEHE)

BRD & S HBEEOERRTIE, 30C, 1>y ADKBOL &, KEIVROFHILIZ LR
T5~50%TH5, REMEDOERTIX20C, LAMOKBED L S, BERT1I~2%TH
5, BROEBRZTIFEARERDOIME LD ETHE YL, 2RITAS L10~20%DFE ML
bvzdd, CNPFRIORERLAZZENTEZDTA sw=02(/y) L k%, BHBZD
R RIS S xR T 5,

HABR IS GUEHYED L ZE L5 L, ZOMEBAw=0.7l/VRELL S, Thid
FINEDOTRCERIH ST 5,
Ars (BEH21D LI~ DB TLHE)

PIRARC X 3 5%, RE, EEDCRET S 00— MRRHEIEP KRS, JOHS
BEGRACHEE~DRARL & 3,

PID R #304E L 4, BBROBITETFTVEASTIA—ZDOEZ - T, HEZEFD?]
FERBLEERPOFLEREZHET A LRIFKRD L 52 5,

79
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Comment on the radionuclides transfer model

Osamu Narita

Safety Division
Power Reactor & Nuclear Fuel Development Corpration
9-3, Akasaka 1 chome, Minato-ku, 107 Japan

Abstract

Two methods is available for the resulting dose quantities by releases of
radioactive material from nuclear facilities into the environment.

One is dose evaluation based on actual radiation dose rate or radionuclide
observed in the environment, another is based on the modeling of released
radioactive material transfer through pathways to man. The transfer model is
useful in both evaluation of operational dose and assessment of pre-operational
dose.

There are two mathematical methods (Concentration Factor and Systems
Analysis method) in the transfer model.

For the purpose of reasonable dose estimation, it requires that the models
should be as realistic as possible.

It is important to select the apropriate pathways and transfer parameters,
also with reasonable transfer model set up.

In paticular, the survey and laboratory or field experiment to obtain the
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reliable and effective transfer parameter by intercomparison between national

laboratories or universities are required for the public assessment.
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Deposition and Translocation of Iodine to Rice Plant

Yoichiro Ohmomo

Division of Radioecology
Laboratory for Radioecology, Nakaminato
National Institute of Radiological Sciences

3609, Isozaki, Nakaminato—shi, 311—12 Japan

Abstract

Transfer rate of gaseous elemental iodine from the atmosphere to rice plants
was investigated. The estimated transfer rates of iodine to rough rice and
leaves, which were given as the ratios of iodine uptake rate per unit weight
of plants to iodine concentration in the air, were approximately 0.08 to 0.1
and 2.0cr?/g - sec, respectively. These values are concordant with those previ-
ously reported for other plants. Almost all iodine deposited on rough rice is
maintained in the hulls and only about 10% of total iodine is contained in
brown rice. The pattern of loss of iodine from rice plants are largely differ-
ent among organs of the plants. Iodine concentration in leaves decreased
exponentially with the half life of about 14 days, whereas that in rough rice
seemed to depend only its weight. Migration of iodine in rice plants was
barely perceptible.

Translocation of '*' to ears of rice plant at the end of milky stage was

also investigated. A small piece of absorbent cotton wool containing 185 kBq
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(54Ci) of Na'®I solution was placed on the flag leaf(n—th leaf) surfaces.
Three days after that, 31 was detected in the ears autoradiographically. In
the same way, the cotton was placed on the lower leaf surfaces. More than
10 days were needed to find '*'I in the ears. A 20ul of Na'*'l solution(3.7
kBq(0.1 xCi)) was administrered to the basal part of the flag leaf by using
micropipet. Only two days after administration, *!I was clearly found in the
ears also autoradiographically though the dose was only one—fiftieth for foliar
administration. It can be supposed that the translocation of '*!I to the ears
from basal part of the flag leaf is faster than that from the leaf surfaces.
Rice plants were grown in the beaker containg 25 ml of deionized water with
740kBq (20 xCi) of Na'®'I for 0.2, 1 and 2days. Iodine—131 was detected
almost all parts of the plants. In general, there are two transport systems in
the plants, that is, xylem system and phloem system. Foliar and basal part
uptake —translocations are taken place through the phloem system, while root
uptake—transport is through the xylem system. It was observed that *'I in
the xylem system was transported to hull, while that in the phloem system

more to brown rice than to hull.
xLoic
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Fig. 1 Schematic diagram of gaseous iodine exposure chamber.
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Fig. 2 Arrangements of pots and vessel containing iodine crystals in the chamber.
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Table 1 Transfer rate of iodine to rice plants.

Sample Exposure Ei Gaseous lodine Todine conc. Transfer rate

(hr) (gl/sec) saturated* (xgl/cc) (ugl/g) (/g sec)

G-1 RR 2.0 41.7 6319 0.48+0.07
2.40X107°2

L 2.0 41.7 302+10 2.30£0.08

G-II RR 4.0 30.0 39+9 0.18£0.04
1.73%1072

L 4.0 30.0 47269 2.16+0.32

Ei indicates the sublimation rate of iodine. Saturated concentration of gaseous iodine (*)
in the air is estimated from the equation (1) using (1/@)=0.48 hr and v = 3 X10°cm®.
Transfer rates are also calculated using the same « and V.
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Fig. 3 Temporal variations in (a) wet weight, (b) dry weight per grain and (c) water
content of rough rice.
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Fig. 4 Decrease of iodine in rice plants.
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Table 2 Distribution of iodine in rough rice samples.

Iodine concentraton

(ngl/g)
Sample G-1 G-1I
RR 10.6%0.5 15.5+0.7
BR 1.8+0.9 1.6+0.7

Synbols of RR and BR indicate rough rice and brown rice, respectively.
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ZANBELTIX, 79XH7 4w aRX(254%305) A LI, # IoERRLZEATHY G
XKD, WEHEDOHECIERD I,

2.2 BROBELVICER:

Na'®] 5, Cix &tk L EnIE LT 2) Dz Rizo¥, 3HEQA—MNF7I4 S
57% %5 L, IEDEOMEREEMAS L b FEBICIIRIEL, THERED TS 3L, BIoBHNT
AW ORI, BECLbTPRYCERIEZESAL, n— 1 FE o0 TR~
FHED bz, KFRCIREFTERBIRL THEAROHL E LEGEERPLE) S I -TH
b, KEOEE CLELWEE 20EIHLE L > TARL, BENCARMEZLO#ASE
CEOBLTY 5, EHRLIAMOEBERED GHIFL T, nEkeCTn— 1 E»KEIHLOE
ChoTwRbELZORAE, nEin— 1 ECRDCNNEMERHL Y OBTROE R, i
FHOEOECILIAIDLEEINSDY, SRBIRFEML TO(LEYDH B,

D EQHKEE0.14CiDONaB UK 2 HM L, BHEOFMHEBEL o, ERBNDOH T
/508025 LI b 22 b oY, 2 BRCE~OBITVEFCAD NI, (B
HRCIIHERRED S AT LD 205Y, —HEEE, WFEHELC . SERIME» G L
5 —HHDOMiE S AT LTHAHH, HHERDOWLFA~OBRDVARL AT LATD
B KRR NIV IDIEFRIX, HERCLIA2DTH L, BERICD-> TEILN

Table3 Distribution of iodine in unhulled rice.

Sampling Number of Hull Brown rice
ul
ripe unhulled obtained
date X
rice used g cpm g cpm
(A) In case of basal uptake
1) 16 days after administration of 5xCi of **'I solu-
3 85-09-13 63 0.20 632 0.96 4590
tion to the basal part of flag leaf (n-th leaf) .
2) 20 days after administration of 5xCi of I solu-
. 85-09-17 75 0.50 361 1.55 381
tion to the basal part of (n-1)th leaf.
3) 16 days after administration of 5xCi of ™ solu-
. 85-09-13 61 0.32 464 1.02 438
tion to the basal part of (n-2)th leaf.
(B) In case of root uptake
1) After 2 days’ root uptak riment using 25ml of
o VS Yoot uptake experiment using 2omt o 85-09-21 13 0.045 98 0.20 47
de-ionized water containing 20xCi of 1.
2) After 2 days’ root uptake experiment using 25ml of
o yS Toot uptake N periment using 2om” 0 85-09-21 12 0.052 205 0.18 5
de-ionized water containing 20xCi of '*'I and paddy soil.
3) After 2 days’ root uptake experiment using 25ml of
85-09-21 9 0.037 19500 0.15 507

de-ionized water containing 20xCi of 'l and 1ml of 1N
KI solution.

(note) cpm: counts per menutes
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REBIOMTOR MM A ICD I, BIRHEHRINS ¥, TRECOCTHY G EXXKESTR
L, MZOBSRERTIEL, 2D EEHI, 2 OfE % Table3 i2/R L7, Table. 3 21k
HED 12 D EEFIZD - TEIEN VIO TOSH b Ab¥ TRLI,

Table3 2 GML»TH 3 & 52, LHFEORPIHS LILEAREIKOF L, n— 1 AT
n— 2 BB HE LIGEA MY G L XKROMFCIZIEL D 1OFATHMmT 527, BER
WS ERHABH ODH XY ELDHETHI Libd ol

BOAERCRASSDUT 20D 5, Teb bikkEr o v 5 #lasTa S v s Re L Ik oTiy
WMENTHRHTH 2, WERHOBH L AERDOHHCL > TR DL TRINS, &
MPEEIN T BRBELTY, ML BHITEIE~DOBBHBRLE S 2 LHPHLIIZINT
wBY, AVEDK~NDEKDL, ¥ HMOERBRBCLI TR bDLEEL OGNS,

ABMOERBRE A LICRIUERZITE S 2 bt b, PIOR~NDBITET V2 HEE
LTWLFETH 5,
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2 REARMRIY

Uptake of I by the Rice Plant Root

Kouichi Yuita

National Institute of Agro-Environmental Sciences
3-1-1, Kannondai, Yatabe-cho, Tsukubagun, 305 Japan.

Abstract

The major parmeters on the 2] transfer to the rice plant after falling onto
soil was estimated from the transfer data of stable iodine.

During the non-rice ‘cultivation periods when paddy soils are kept under up-
land field moisture, almost 100% of the !2°I falling from the atmosphere onto
the soil surface is absorbed and retained by the soil.

During rice cultivation for 4-5 months of every year paddy soils are kept
under submergence by the irrigation water, within a few days in this submer-
ged condition, about 10% of the '?°I in the soil is dissolved into the soil
water, and is leached out with the irrigation water but is also uptaken in
large amounts by the rice plant roots.

During the rice cultivation '2°] fallen from the atmosphere to the surface
water of the paddy field is scarcely adsorbed by soils and leached out with
the irrigation water, and is uptaken in large amounts by the rice plant roots.

When the paddy soil is drained at the ripening stage of the rice plant, the

*  RRERBIHRT IR
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solubility of '*°I in the soil is markedly lowered, and the amount of ?°] upta-
ken by the root is negligible compared to that during the irrigation period.

129] concentration in rice straw/'?°l concentration in soils is about 20, 29I
concentration in the unpolished rice/'?°l concentration in the rice straw is
0.001, and '*°I concentration in the polished rice/!?°1 concentration in the
unpolished rice is 0.5. !2°I concentration in the polished rice/*?°1 concentration
in the soil is about 0.01. From these value the ratio of '2°I in the soil trans-

ferred to the polished rice is estimated about 0.01.
FLrsic

HIECHR S NI PICRELT000 ) D/RFR~DOBITCET 6 7T —FRITRL L VO
T, BUREIVRDT—EDORITD NI A—RXIOCTHERIT>TA b,

KFRIZ, 2 DIEMY AR SIRECHEE T 5 DM L, RSB OKES & HKREO 15
IR PEYEE T2, ZOKRMREOE#RESZ LT, NFA—KXEID2TERLTVER

Vo
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=
=
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’
)
[;
;
’
!
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0 1 | 1
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Time
L L I 1 1 [ { i
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Days after transplanting
Fig. 1 Time course in dry weight of each organ of rice plant(K.Shiga®)
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transpiration

‘ (evaporation from the leaf surface)

evaporation
from free water

7 ﬂ ﬁ free water surface

field surface

— '-'/-
7
rcolation—f—7ATY '\PIOW layer
¥through border] '/ plowsole
& T subsoil

vertical
percolation

Fig. 2 Dynamic of irrigated water in unit paddy field (S.Nakagawa?)

1 KFEOEET LKA THKDENEE

IKMOEEFBEOBMERFig. 1 CRT T EL, EETOEBTMTHARBERML, 7%
() ZIRPAS ¥ 2 HFEAERID 2 D2 KB 3 5, SR E - ICRSE D O AT RS L
Y, EEDBOEMEOEMM’ILE Y, BoTHOEE, MEOEHMI»FLL{L->TL %, %
FERY, FHARMRCTNLH0BMT, 2EFMEII0AREL k5,

Wiz, BEMLKEHEEOME 2R <5, $THELIKHCHABEZBEL TrAD WK
ZHURL, K3 10d W KRBL I 2 THAKREC LLZEEZITS . Sma 028288
BRI L, ¥ 1BROHRT L 217> THERPE S LT, SHREBHDIEBRE A
KEL L, HEE%I0BEEKT 5,

A DG GEKE) O/KRHIZB 1 57RDEY S ZEADKET ABA, Fig. 2 12RT2E L,
KAP~OEAR L HE~DIRBD 2 2o KM N5, HBEUIKED 6 KRB ~DEBHER
b, ARRRCREBS ncgkEL LTERDY O RKAP~EREINICDYWELIERIIDUY LN
5, REBZIETE~EEIIRET 5 BT REGHRIZE) L, PHEL ) LEBOBERE(X [ )
% LT IAUKHEPHKRRBE CRA T 2 BEMHRE (IRE) b o b,

ARBELRERZAFLT, BAUKHOPFEKIETED LI D2 WAE L v, @
1HL ) DREL LT BREUKE @, B)"TRRINSG, WKFETHIEELDORRTRER
TH b, BTIRERIIKENEZ (HE LOBKL L PKBRMIOEX, HTARML E) EHob
FBARLBOBAMI X > TiRkE 5, bHENH T 5 FKIEDFHMHEIR, BHMETS5 ~10m,/
H, Z2HM% T30, B, FHAKHBHEI0~100m, ARET, 2E/XHOFH@EE L T
18~20mn,/ HBETDH 5, DN, EREEIXMIAN - BEEEIZKEL { 3.5m~7.5m, H
BETDL, iy, ZRERZAMOLEE, EHCHBELELTAKETHY, KROEHER
18 XHETIDAEEHREZHEL T30 EREDOKIVEL b Twb, €T, L&
RPDBEHFI VRN THR LIKMBAEMNC 20 2SN L T5 L, 1 84T
LTHEKPERDOMEREDOI VRIINEINSE T LItk 3,
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Upper stream block

Lower stream block
P E ]

]
l__.. ' D. , Surface water

/‘Surface of the earth

Canal

Boundary line Ground water

G:1G, Spring water G,

Bounday line Boundary line

P : Precipitation

D;: Surface water inflow
D,: Surface water oufflow
G,: Ground water inflow
G,: Ground water outflow

Fig.- 3 [Explanation of the water balance in the regional paddy field (S.Nakagawa?)

WA, IKBKHEDKROE S 2Fig. 3R T, 208BBRELEHETe vy 29 6DBRKDK
HRATH b, HEREEZBR CRBIOKE, HABRMINCETI N HEEHARZEL
TTHESAKHDO A CARE LTHAAINSG, —HETFRZEL THTALE-bDE, T
MRCEHE L THEHMEK E 2 ) KEFIH SN2 L kv, —RICHBES IS »
REBERET CMHEDOHEARE > THHRLLT v, RENHOBNEMD T 0y 21,
FOKE CERMTEGha, W TFHBTHE That 260 Twv3, ¥, KHO»ADI
Kk, Z0 LSO HARE EERE T 5 BB KHEMDL05HiH%) 6 O/AREBIIZL 6T
B, BAMANOREKIE, —HHMTIRELIAD bEHEHMEZFCHEL, FCMIlcEDon
RHMFCH T L, BUKE, AV CkBEERL TKBCEA - fIHSNS,

Tk BT savRb e, DEBRSIKROE S - TRET 52 Lt 5,

2, AVRDLEHEWIZKLBE - PE L LR KD & DEIR

TIROKNIKGE # BEZIRAE D 6 HARIRIE & TR S ¥, 3BERRKE®RO HEFavRO L
IKPA~DEIF EFig. 4 2R T, & ECGIFNEEZIRT OEKGEHAEL0~60% DMK 5 IRE
Thy, TN OKRPDREMD 2 BT 5 LIEHRIIEL (MKRT 5, FlkRET
BeTho i e T A HKRIRED 2 ~ 3L LOBE AL, HEILHIX5.4~52.6%
CHETE, L2V IO0FC VARV ETICREKBLUAOECABELPREL LY,
->T, 1000HE EbizaEABMBIBIZER, AP CAYBLEATEAKS R E VS
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Iodine Solubility? (%)

0.007

0

0
0

1001

0.01
.005

.002

.001
Airdry

20 40 60 80100120
Submerged
Degree of water saturation (%)

Iodine ug in soil water*

Iodine g in soil

3.2

o—o Fukui Brown Forest Soils (Forest)
4= Fukui Brown Lowland Soils (Paddy field)
=—= Tochigi Ando Soils (Forest)
a—a Tochigi Gleyed Ando Soils (Paddy field)
e—e Miyazaki Ando Soils (Forest)

X100

295 R — & (REARIEIL)

* Volume of the soil water was unified to the
120% of water saturation degree.

Fig. 4 Liberation of native iodine from soils in relation to the soil moisture condition.
Table 1 Comparison of iodine concentration in soils and plants between paddy fields and
forest lands which are adjacent each other and have same parent rocks.
Number Iodine concentration Ratio of
Land iodine con-
of Soil Plant centration
sampling Number of | ppm/dry Number of | ppm/dry
utilization Horizon matter Plant matter Plant/Soil
sites * samples (Min. ~Max.) samples (Min. ~Max.)
Plow 3.0 Rice 1.71
Paddy field 8 8 8 0.57
layer (1.1~5.5) plant (0.13~8.8)
0.24
Arbors 16 0.0089
(0.09~0.51)
Forest land 8 A 20 27
0.51
(12~61) Herbs 9 0.00189
(0.15~1.4)
0.33
Average) 25 0.0122
(0.09~1.4)

% All samples were gathered in the river basins of the Miomote and Nagara Rivers.
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Table 2 Absorption of *'I” by soils

Soil Number of Absorption (%) of added *'I" @
oi
samples Upland field Submerged field
Non-volcanic
. 8 96.7(87.6~99.7) 48.1(16.7~98.4)
ash soils
Volcanic
. 5 99.4(98.9~99.8) 84.0(60.2~94.5)
ash soils
Average of
. 13 97.7(87.6~99.8) 61.9(16.7~98.4)
the both soils

W] it i s . .
Q) 100— [ I activity in soil solution (filtrate)

- X
B11™ activity added to th soil J X100

Experimental procedure : @ 20g of airdry soils were enoughly mixed in a polyethylene
centrifuge tube with 5 ml of 3" solution for the upland field moisture treatment (0.1ml
of carrier free ¥'I solution was diluted with the rain water (iodine concentration 0.0025
ppm)) , in case of the submerged condition treatment, additional 45ml of the rain water
was also mixed.
® The soils thus prepared were kept at 30°C for 3 weeks, after it, for the upland field
moisture treatment, 45ml of the rain water was added, then centrifuge tubes were shaken
one hour, centrifuged and then filtered.

@ Radioactivities of '*'I in the filtrate were measured with the scintillation counter.

o 100} - — i:
l’.‘." == ‘: -7 -
5 10} e e
= S~ -7
.S " : =7
| 40 VR RN
W~ - ~
1<) F - M- - —-—-—- -
w) ’4"
< 30f -
- L

10

0 . R a2 o

0.041 3456 9 10 14 1516 20 21 22

Incubation periods (days)
Upland field Submerged
Fukui Brown Forest Soils G—0 [ S
Tochigi Ando Soils —a [—
I" : 0.0025ppm
1] activity in soil water*
100— —
a) 100— ( B~ activity added to th soil J X100

*Soil : Water=1 :2.5

Fig. 5 Time course of the absorption (%) of *I” by soils.
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B, TEPOIVEOHLUBARPAPCROBBEFCHRTLTLES LHEES
b, Table 17k E, ThEBELLABLELERHEZRCL T2 HKOLEFOD
avEEEYRT., AEMEDL T3 0ppm T HEKEE O FH27ppm O #1/9D K 53 B
THaI Lty 6 b lDHUEOELIVETYLNTLY B,

Wi, FEERCERM L REE S R (OD) O LEmER L HEkg, FRCCREE kS
KEE L OBE ¥ Table 2 2R T, THIXSEMEEL KIS S ¢ RRRTORERTH 5 7,
MR T CRTR7.7% L S b THE, Fig. 5 CIKIBED O RENERORFEIL 2R
T95, HKPREBTFCIR 1~ 3 HTIRU LDECBERIIEL T 5, T, Ak,
S L EEPAVCHOABIITVTIR, TERBCIBT LLERRE@Arv~r)avRI)
i, ZORLAEVERBIECRE, BT LHEEINS, B bYEDOLEY, Table
SIRT T EKEPERL LR LT40~50ppmD IV RESE LT 597, HROBM L L

Table 3 Average concentration of iodine in soils and plants® classified according to land
utilization (ppm/dry matter) .

Land Soil Plant Plant leaves
District Soil Number | lodine Number | lodine and stalks
Horizon of Plant of i
utilization samples | (Min. ~Max.) samples | (Min. ~Max.) Soil
Paddy Gray Plow 1.7 Rice 1.0
Lowland 24 23 0.59
fields Soils layer (0.49~5.5) plant (0.08~8.8)
Upland Plow 46 Upland 0.74
Ando Soils 17 field 19 0.016
Central fields® Layer (17~105) crops® 0.1~5.7)
Honshu Brown Surface 40 Wild 0.33
33 49 0.0083
of Forest Soils | soil {9.8~92) plants (0.09~1.4)
Japan Forest Surface 46 Wild 0.60
Ando Soils 64 66 0.013
land soil (9.0~135) plants (0.084~2.5)
Surface 44 Average 0.48
Average 97 of wild 1156 0.011
soil (9.0~135) plants (0.084~2.5)
World Average Average
of 5.0 of 0.42 0.084
average® Soil plant

a) Plant leaves and stalkes  b) Iodine concentration ratio c¢) Orchards included

d) Fruit tree and tea plant contained e) Bowen, H.J.M. (1966)

BAADIVREBEREZEA YD L.0ppm Tl 0 KK EO.1Ippm") TH 3, Thbd b,
SVROFERLBEBBERETH Y, BAEL Y RKARPECERBLIEAKIVREL T,
HECRBBEZL o TRKAPEURIRM -2 EBER FOBRFP ER oA A RIVRL
LTRCEEMISETN, EEXIMEAFCEODNTHECRTL, 202 BB
B -oEBRINWBURLKERTDHD2I LI 22153,

iz, PIORBEBE oY IBUNBEESBE AL LE, 0~5mi v L1I0emDF
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BrBEPCZzORBAPHAL, L) TR~NOBITRISODT»TH 52 LHE
INT™H Y, 0~10emDLBHEMEINEE T LELLNLS,

WRE T L3 VEOLEBERIIBGHE, FEZMOTHETIE L, FR—RTHL
WERBbNnEY, UEDL S BN AEED CAT, FHAIEGE»AY CHOKEHL
BraU) CAMINEBE v~ v a3 R, (LEVECKRIE»ZE» 2HOLT, 20
BEAEYREBLBORE - EHINLLEZLTIVITS S,

—%, HEARKELED 3EMZKOI O TP BEFRIE6L.IB LECDAL T, BFE
BIEPLEDPREELT, Fig 59 6b»a ) IAM» U THLIRERLENS I
b, bF» 1 HTHKRSKELIELA S Lo TH 20K LBREECETL
Twb, HAKRKETOKATRE LB TEHZIRET 2 2ACAKROR, EEERTCOD
T, KHEBCET - HALTSLIavERE, EBHBORESLIMLL{RET s A
ok bR TCLY, ARCRININs I EIZEA S,

3 TEHASKEADIAVROET

LAB(RB) LRI CHFET 3XRAVROKB~DBIT

AKH, M, AR E L ARM YL A o O BRI (ReRIRAROUERD) U 70 138 & R E 5
DA VRRE ¥ Table 3 (23”7, /KREGHEBZDLC L BI0EL LA LIHHEZNR L L
720 RAMELE GO a v RIEE X1, 7Toppm T, HFAKRLED A B h O FH44ppm L LD
et B F-#46ppm & <% L1/ T EEGCERRL TV 5, —F, EWEERFOavE
B ZKRR O 41971 0ppm T, FAHEWO0.48ppm L MEMD0. 7T4ppm & b HTF-&Ev. 2D
e, IVROHEMEEFRE,TEPREOHGEERRINIIVRLEINTE Y 1
SHPBTH LR TR 2 v, DUFRED I, AKFRTI20.59C AR MW T D0. 017 #
ZHA40~50fE b Em Lo T B,

.54 - MESEOFERK LB)hORRERI Y ROKBA~DBIT
RAKDREIVREHRECEAT AHRMEELR Y Mz Ah, HIREE & XK RS
Fr L Lt G U & Okt L 7ok 3 Y RiBEE £ Table 4 2R T, I VROEEDORE
i, EACIREET O #5E T 12 F9290ppm T Ak 4t B8 T D 45 D F-340.37ppm & b 80015 b &
Vo 1) DOFHTIEOHEAKE TR L 05401 0Oppmic T $290f5 b &v. 272, 2
U ROKMREIEDREHHPRBED I, HACKET O TFH16 & A RET O
D0.020& Y800 S B, 1 OBHALEDOHADOSN T E2MELHY, BALELDC
DRELERIX, FHRIE» M THkMEanicz itk Yy, HEbhoa R ZE - LK
FZEHR LTS TR S REBECBRIL S0 L, AEEECIGEEDOEALIZL » T,
TP ICRE L Ty 3 3 VYRR KEPEL LT, o TRRBEBRRS Oy wEBETH
FELTCBILERBLIEEZEZ OGNS,
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Table 4 Uptake of native iodine accumulated in forest soils by rice plant cultivated under

submerged and upland field moisture condition (a/5,000 pot experiment) .

Iodine concentration (ppm/dry matter) Ratio of iodine concentration
Rice straw Unpolished rice Unpolished rice
Rice Straw Unpolished rice
Soil Soil Soil Rice straw
Soil [Upland | Submer- | Submer- [Upland |Subner- | Submer- [Upland | Submer- Up]and Supmer- [Upland | Submer-
e get %ed ge . %ed . %ed el
field 1eld Upland |{ field ield Upland | field ield field ield field ield
Fukui 1 5 0.41 330 805 0.029 0.61 21 0.027 22 0.002 0.041 0.071 | 0.0018
1
Brown Forest | 2 0.32 220 688 0.025 0.55 22 0.021 15 0.022 0.037 0.078 | 0.0025
Soils |Average| 0.37 275 747 0.027 0.58 21 0.025 19 0.002 0.039 0.073 |0.0021
Tochigi 1 0.30 260 867 0.020 0.45 23 0.012 10 0.0008 0.017 0.067 |0.0017
26
Ando Soils 2 0.42 330 786 0.029 0.51 18 0.016 13 0.0011 0.020 0.069 | 0.0015
|Average| 0.36 295 827 0.025 0.48 19 0.014 12 0.0010 0.019 0.068 | 0.0016
Total average 21 0.37 285 787 0.026 0.53 20 0.020 16 0.0015 0.029 0.071 }0.0019
B iel
£ 10,000f o Upland field
g ® Submerged field
= 1,000 r=0.901**
-k
=
g- 100 )y
&
g
= L [ ]
5 10
8 (o]
-‘: O
R 1.0F
o o
£
o
S 0.1 1 ] I 1 )
0.0001 0.001 0.01 0.1 1.0 10

Fig. 6

Iodine in soil water (ppm)

Relationship between iodine concentration in rice straw and iodine concentration in
soil water.

——Pot experiment of rice plant under submerged and upland moisture condition——

Wiz, BACIREE £ RIED BB TRIE L KROZEENEE L 2hZho +8kho 3
U RIBE L OBMERFig. 6 2RTY, MEOMCRECEOMEPEDLNSE, 2hi b, i
ACREETHREE LIk RRrh D a Y RIBEH S VDI, ARO 3 v ZRNNH»HERIZKS 026
TR, Bk a v RBEEFECLL LV I LPHALNS, 212, MAPRETE
B LIKRRED O a3 v RBEVMEM S B EMY L ADKIBRE L k> Tv 20 b £kpoa Y
HREPRML T3 L¥bh s,

LXKRHD A v RIRER, HACKET O D F#5%0.53ppm T MK 5K ET DHIED0.026
ppmiZ R T20MHE EBv DS, EEBOBABFEDER L v, 31, avROLKPRE 2
EPBEOLILE, HAKETO#RKIES0.0019, MASKETOHEH0.071E -FThbHS L
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3, BCHEKRRECOREDOEADMEI IS CDOVHIZD L,
¥, REBRTRAXDTOIVEIMML TV LODY, EB26 IS 5 EARREEKRDL/2
DEELE>TV5,

3. FE ML -3 IROKE~DEIT

1, 2T BEPEEORRKRIVROKB~OBITTH -, TR 2Ry ML
18 (R L) IR, HEACIKIECUUHERR £ CHRE LICRRRIC & 2 I U ROBINRE 2 6 o
L1, R % Table 5 (IRT 5, 3V RKOKMEIEDRE /L HRED I TFH21.2T,

Table § Uptake of iodine added to soils by rice straw and unpolished rice cultivated
under submerged field condition (a/5,000 pot experiment) .

Concentration of Iodine concentration (ppm/dry matter) Ratio of iodine concentration®
a_ddEd 10fhr|e . Rice straw Unpolished rice Rice straw/Soil Unpolished rice/Soil Unpollshed.nce/
I"ppm/air dry soil Rice straw
in the pot Gifu® ‘Tohchigi® Gifu Tochigi Gifu Tochigi Gifu Tochigi Gifu Tochigi
0 1.4 12 0.0034 0.0055
1 23 56 0.014 0.013 21.6 44.0 0.0106 0.0075 0.00049 0.00017
3 53 69 0.048 0.061 17.2 19.0 0.0149 0.0185 | 0.00086 0.00017
10 124 142 0.113 0.200 12.3 13.0 0.0110 0.0195 0.00089 0.00150
Average (Except for 0 ppm) 17.0 25.3 0.0122 0.0152 0.00075 0.00061
Total average(Except for ¢ ppm) 21.2 0.0137 0.00068
a) Gifu Gray Lowland Soils (Paddy field soil), Native iodine concentration 1.3ppm
b) Tochigi Gleyed Ando Soils ( » vy, " " 14 ppm

¢) Calculation was done after subtracting the iodine concentration of the control (0 ppm)

2 DHEACKRIED B AIB TS L IoAMO P16 L BERICv v ER->Tw3, $72, a0
ROLRPURE /FZENRE O HIZTH0.00068T, FATIETD0.00190#91/3L k> T 3
P, AVRBM AV HEDE L > TR VIENHE I L2 ZET S L ARV~ E
Wih,

DRz EL, BEBPHFEET 2 I VRRMNCLT, it cHBECREmshleavEy, ¥k
WK (R D) RETCREAP Y THBImE-ERLIavERy, HBARFTEsrns L,
BEAEFRCBEQOERLET LI /KRPIERL, KRB v~ vBRSh3 Ee i3,

4.KBELRICATE AL ZCIOEEE

PN EF AR O KA BIE S IR TR, 20{LBBRRIRROREIVE
LR ML e, L L, RS 28R L THRCETL, BB T 5 MICRIEC
BRI L, HHCRERNCHECCECEKEIVR L AMELTRRIEL, 2ORKCE
UaREGVREFMUBEBIILS LHEEINS, ft-oT, EAMIZRKELED G/ARE~DO
TVEREIVRERBUECI T L3, 2I2THOID TPIOZRRIN 2 8% L THRTE
LTA%,
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Fig. 1 Variation of elements contents in rice plant in different growth level.

—@— Ear of rice, —m— Stem & leaves

Table. 1 Chemical form and reaction of Iodine.
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;  CH;I+R'—NH,— CH;R’'—NH+HI
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