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ABSTRACT

Heavy water vapor release experiments were carried out in a greenhouse using deuterium as a

substitute for ttium and uptake and loss kinetics of D20in leaves and formation, translocation and

retention of organically bound deuterium (01313) in bean of soybean exposed to 1320under different

growth phase were investigated. Rate constants of 1320uptake in leaves of soybean in the daytime

release were 06 - 61 hr-1 and several times higher than those in the nighttime release. Rate

constants of D20 loss in leaves after daytime release were almost the same as those after the nighttime

release. No significant difference in the half time of D20 loss was observed between daytime and

nighttime releases. After D20 release, 01313 concentration in bean in daytime experiments increased

with time until 3 - 4 days of the experiments and then decreased with time. The OBD concentrations in

bean in daytime release were several times higher than those in nighttime release while the extents of

decrease of 01313 concentration were somewhat lower than those in the daytime experiment.
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1. INTRODUCTION

A great amount of tritium gas will be used in the future nuclear fusion reactors as fuel for DT

reaction. Tritium is released in the environment during normal operation or by an accident. Among the

chemical forms of tritium released in the environment, tritium gas is less toxic than ritiated water

(HTO), but it can be oxidized to HTO by microorganisms in the soil and HTO has the most important

contribution to dose estimation. Especially as for tritium taken into human body via food chain, the

dose due to organically bound tritium (OBT) is 23 times higher than that due to HTO (ICRP 1995)[1].

Studies on OBT formation and translocation to the edible parts of vegetation in the local envirormient

are limited 2-4] and required for dose assessment purpose. However it is difficult to do tritium elease
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field experiments in Japan due to public acceptance problem. Mus heavy water (D20) vapor release

experiments in a greenhouse were carried out in the Nfito campus of baraki University using using

D20 as a substitute for HTO[5-6]. In this study, uptake and loss kinetics of D20 in leaves and

formation, translocation and retention of organically bound deuterium (OBD) in soybean were

reported.

2. EXPERIMENTAL METHODS

Two greenhouses, a long rectangular parallelepiped (1.8m x 1.8m x 3.6m) covered with vinyl

sheets, were put on a campus field, one for daytime release and the other for nighttime release. D20

vapor generated by an ultrasonic humidity supplier containing 20% D20 was introduced with dry air

into a greenhouse for hours. Daytime release was usually conducted from 8:00 to 16:00 and

nighttime release was from 20:00 to 400 in next morning. The temperature in the greenhouse was

controlled by air conditioner and a shade on the roof if necessary. Table I shows the average

temperature and relative humidity at the sampling point of soybean in the greenhouses in 6 times of

daytime release experiments and times of nighttime ones held in three years from 1999 to 202.

Table I Temperature and relative humidity during D20 release
Daytime Nighttime

Day of D20 release Temperature Relative humidity Temperature Relative humidity
Exp. No daytime, nighttime (0c) (%) (0c) (0/0)

1 99/08/21, 99/08/22 31.0 65.4 21.6 84.7
II 00/08/10, 00/08/10 30.3 51.2 23.9 89.1
Hi 00/09/12, 00/09/12 22.7 78.8 22.9 96.2
IV 02/04/30, 02/04/30 18.5 90.2 18.1 98.5
V 02/08/27, 31.4 60.6
VI 02/09/12, 02/09/12 32.2 59.0 22.9 99.0

An early-ripening variety of soybean (Glycine max) was'seeded in greenhouse grounds on June 6

and harvested on October 23 in 1999 [5]. Soybean used in the 2000 experiments was seeded in pots on

June 6 or 2 , flowering on July 16 and harvested on October IO. In 2002, young soybean plants in pots

were used on April 30 experiments and ripened beans were harvested on June 22, while soybean used

on August 27 and September 12 were late seeded in pots and grouped A (about August 14 and 

(about August 18 ) by its flowering day. Collection of water from soil or tissue free water of plants

was performed by a microwave oven. For determination of organically bound deuterium (OBD),

non-exchangeable OBD, plant samples were dried for 48 hr in an oven at 600C and followed by two

times repetition of drying up after bathing with water. The dried samples were burned under high.

oxygen pressure in a chamber and the combustion water was collected using a cold trap.

D20 concentration in a sample was determined by gas-liquid chromatography equipped TCD 7].

The D20 uptake kinetic parameter of plant sample was calculated by fitting plant sample data to a

kinetic model by Belot et al [8]: Cp = C. (I -e-k), where Cp is D20 concentration in a plant sample at

time t C. is the steady state concentration and k is the rate constant. In this study, we modified the
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equation as Cp using D20 concentration ratio instead of D20 concentration, i.e. Cp is

D20 concentration in free water of a plant sample (Cp)/ D20 concentration in air moisture (C.) around

sampling plant at time t, and then C,.. is the steady state concentration ratio, and calculated k and

Cr,. by a computerized non-linear least square method (NLIN procedure of statistical analyst

systems: SAS). The rate constant of D20 ss in plant was calculated by a equation: Cp = Co e7k, where

Cp is D20 concentration in free water of a plant sample at the elapsed time (t) after the end of release,

Co is D20 concentration in air moisture at time t = (the end of release). Translocation index (TLIa)

[9] was calculated as follows: TLla = 0131) in soybean bean (ppm)/mean D20 concentration in air

moisture at steady state (ppm). Another translocation index TLlp 3] was also calculated as follows:

TLlp= 01313 in soybean bean (pprnymean TFWD in soybean leaf at the steady state of exposure (ppm).

For comparison, D20 concentration in air moisture at the steady state during the daytime and

nighttime releases was normalized to 20000 ppm, respectively

2. RESULTS AND DISCUSSION

In the daytime release, D20 concentration of tissue free water in soybean leaf rapidly increased

and reached almost a constant level during the release and the rate constants of D20 uptake in tissue

free water in leaf were several times higher than those in the nighttime release (Table 2 The

calculated steady state concentration ratios (C,,.0 of plant leaves were 0.5-0.8 in daytime releases,

0.4-1.1 in the nighttime, which were almost the same as observed data in both releases. The rate

constants of D20 uptake in bean and hull (Exp. 1) were very low compared with those in leaf and Cr,,..

in bean was about one-half that in leaf in both releases.

Table 2 Rate constant k) and steady state concentration ratio (C,,,.) of

D20 uptake from air to soybean

Daytime release Nighttime release

Exp. No. Sample, Exp. k (hf Cr k (hr-') C.

I Leaf, Aug. 99 3.0-4-1.7 0.6:i-0.0 0.7+0.3 0.4±0.1

I Bean, Aug. 99 0.2:i--0.4 0.3=F0.2 0 I =FO.O 0.2:1-0.0
1 Hull, Aug. 99 0 I ±-O I 0.5=i:0.5 0 I ±-O.O 0.3+0.0

H Leaf, Aug. 00 1.5±0.3 0.5=L-0.0 0.4+0.2 0.8±0.2

HI Leaf, Sept. 00 0.9±0.4 0.7±0.0 1.6±0.6 l.0:W.0

IV Leaf, Apr. 02 1.4+0.4 0.8+0.1 0.6=FO I 1.0+0.0
V Leaf, Aug. 02 6.14-1.5 0.8=L-0.0

VI Leaf, Sept. 02 5.7+1.9 0.7=L-0-0 0.5+0.1 1.1+0-1

Cp/C.=Cr.(1 -e -kl)

CP: TFVVD concentration in plant (ppm)

C. D20 concentration in air moisture (ppm)

Cr,,,. Steady state concentration ratio (Cp/C.)

k Rate constant of D20 uptake from air

t Time after the start of exposure (h)
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Table 3 Rate constant (k)*' and half time 2 ) *2 of TFV*7D loss from soybean

Daytime release Nighttime release

Exp. No. Sample, Exp. k (hf t1/2 hr) k hr-') t1/2 (hr.)
I Leaf, Aug. 99 1.1+0.2 0.7 0.5-4-0.1 1.3
H Leaf, Aug. 00 0-8=1-0 1 0.8 1.0+0.0 0.7
III Leaf, Sept. 00 1.24-1.1 0.6 1 I 4-0. 1 0.6
IV Leaf, Apr, 02 0.9+0.1 0.8 0.6+0.1 1.2
V Leaf, Aug. 02 1.4-4-0.1 0.5
VI Leaf, Sept. 02 1.24-0.2 0.6 0.9+0.0 0.8

-1, CP=COe -kt *2, e -ktl 2 =1/2

Table 3 shows the rate constant and half time of D20 loss in free water in leaf of soybean after the

release. The loss rate constants in leaf were 08-1.4 in the daytime release and almost the same as

those in the nighttime ones and no significant differences were also observed in half times of D20 loss

in leaf.

Soybean is used as various kinds of processed foods and the recent annual consumption of

soybean is 65 kg per person in Japan. Among the chemical form of tritiurn taken into body, the dose

due to organically bound tritium (OBT) is above 2 times higher than that due to HTO. Thus studies on

formation and translocation of OBT to the edible parts of vegetation and its retention are required. Fig.

I shows changes of OBD concentration in various parts of soybean, leaf, pea (bean), hull stem and

roots, exposed to D20 vapor until harvest (the release experiments in 1999). In the daytime and

nighttime releases, OBD concentration (ppm) in bean increased with time until 4 days of the

experiments and then most of OBD decreased within 10 days. OBD concentration in hull also

increased to about 14 that of bean but hardly decreased with time. At the start of release

experiments, beans in hulls were very thin and sall and thereafter rapidly grown. Te decrease of

OBD concentration included both the dilution of OBD with newly synthesized organic matter and the

metabolic consumption of OBD for growth. Figure 2 shows growth of bean and decrease of water

content toward maturation. In this country, boiled young green soybeans used to be one of favorite

foods in smmer. Thus there are two harvest times in case of soybean.

In Fig.3, translocation indexes (TLIp) of young green beans (G) and ripened yellow beans (Y in

three daytime and two nighttime release experiments were compared. In 2000 experiments, soybean

on August 10 was in the middle stage of the steep growth period of bean and on September 12 was in

the retardation phase of bean growth. TLIps in young green beans and ripened yellow beans from

soybean exposed to D20 in a steep growth period of bean were low as 02-0.3 in daytime release and

more lower in nighttime release (Fig.3). In 2002 experiments, soybean on August 27 was in the early

stage of growth phase (Fig. 3 and on September 12 was in the early retardation phase (Fig. 4. In Fig.

4, beans of group A were somewhat mature than those of group B. The highest TLIp was observed on

beans (group B) of early retardation phase of growth, 43% at 92hr after the start of daytime release on

September 12 and then decreased to 0.8% at 692hr. TLIps in green beans in nighttime release were

about 1/5 those in daytime release, while TLIp in ripened yellow beans was about 12. In case of

spring wheat exposed to HTO vapor, only slight decline of the pecific OBT concentration in
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the ear during growing period were observed [101. Tran8location index TLIa (/0 of OBD to

bean, OBD in soybean at harvest (ppm)/mean D20 concentration in air moisture at steady state

(ppm), was shown in Table 4 Except the results of experiment No. IV, harvesting times of beans were

Soybean, daytime release (I 999) Soybean, nighttime release 1999)
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Fig. I Changes of OBD concentration in leaf, bean (pea), hull, stem and root of soybean during and after D20 exposure
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Fig. 2 Growth of soybean and changes of water content of bean

G(t)=Gmaxexpj-exp(-k(t-Q)j Flowering day: 02/8/14,16
Gmax = 067-+0.05 D20 exposure: 02/9/12
k 0 10-+0.03
tc 17.3±2.3
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Fig.3 Tanslocation index (1/6) in young (G) and ripend (Y) soybean in 2000

(August and September) and 2002 (August)
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Fig, 4 TLI p (%) in young(G) and ripened (Y) soybean harvested at 892,104,

692 and 704 hours after the start of D20 eVosure on 02/9/12

Table 4 Tanslocation index (TLIa) in oung and ripened soybean at harvest

TLIa %)

D!)jime release Mig�� e release

En. No. En. Date You�g bean Ripened bean You�g bean Ej2ened bean

I Aug. 99 0.08 0.08

11 Aug. 00 0.11 0.13 0.04 0.15

III Sept. 00 0.43 0.33 0.22

IV Apr. 02 0.00 0.00 0.00 0.00

V Aug. 02 0.21 0.15

VI Sept. 02 (A) 2.87 0.70 1.00 0.62

VI STt. 02 3.41 0.63 0.88 0.39
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shown in Fig. 3 and 4 As for soybeans used in April 30 release experiments, flowering started on June

I and harvesting dates were June 27 for green beans and July 27 for ripened yellow beans and OBD

was not detected in either case. Very high TLIa values observed in young green beans (group A and B)

of September 12 experiments were owing to specific growth phase, i.e. the early retardation phase of

bean, and short time pass after the release-stop when the apparent translocation of OBD to bean was

maximum. TLIa of group beans, which were about 4 days younger than group A beans, was at first

somewhat higher and then slightly lower than those of group A beans, probably due to high growth

and storage phase of beans with ative metabolism.
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