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1. Introduction

Construction of Japan’s first commercial nuclear power station, Tokai
Power Station with a generation power of 166MW, was started in 1961 and
station operation was started in July 1966. Since then, many nuclear power
plants have been built, and nuclear power has become one of the key stable
electric power supplies in Japan. During these 40 some years, radioactive
wastes have been produced and their management, treatment, and disposal
have become very important issues. Since radioactive solid wastes vary
widely in their radioactivity concentrations and numbers of radionuclides,
etc., their potential hazards are different which necessitates different waste
management techniques. At some point they are expected finally to be bur-
ied deep underground which will prevent the radioactive materials from en-
tering the biosphere where they could affect human health. Both artificial
and natural barriers will be used to control mobility of the radioactive materi-
als in their deep underground environments.

Safety assessments on deep underground disposal of high level radioac-
tive wastes can consider many scenarios; one important scenario is transfer
of radionuclides from the deep underground disposal sites via underground
water movement, so that they finally reach the biosphere and most of them
would likely enter into rivers. It is necessary to develop models describing
nuclide migration processes in the biosphere and radiation exposure routes
to estimate their effects on humans. In order to estimate transfer of radionu-
clides in the biosphere, especially to assess their transfer to human beings,
the transfer path of radionuclides from soil to agricultural products is impor-
tant. Properties of agricultural soils such as their major and trace element
concentrations are closely related to migration of radionuclides in agricul-
tural products. Since river waters are used as irrigation water for agricultural
fields, thus, for this handbook, we collected river water samples from 45 ma-
jor rivers throughout Japan and determined their major and trace element
concentrations to understand the distribution of naturally occurring elements
in rivers. Next we proposed a data communication system which uses these
data. Also we plotted parameter distributions using the mapping system
"MdSoil.” we developed. We expected that these parameter distributions
would give important information when predicting and evaluating radionu-
clide behavior in Japanese rivers and effects of agricultural activities, efc.

The soil-rice system, which is one of the major land use patterns in Japan,
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provides a suitable planting environment for rice by including paddy irriga-
tion. But irrigation changes physico-chemical characteristics of the soil.
Thus we believe that the data obtained in this study will be useful in develop-
ing radionuclide migration prediction models which correctly describe
paddy field characteristics and in evaluating various environment factors that
affect physico-chemical forms of radionuclides.

We also expect that by using these environmental data and parameters, the
data base and models obtained in this study will provide better reliability in
predicting radionuclide behavior in the environment, and more appropriate
safety assessment of radioactive waste geological disposal will be possible.

This study and the resulting handbook have been supported by the
Agency for Natural Resources and Energy, the Ministry of Economy, Trade
and Industry (METT), Japan.
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2. Terms and conditions

Ownership of the data used in the river water analysis data communica-
tion system belongs to the National Institute of Radiological Sciences, Of-
fice of Biospheric Assessment for Waste Disposal, and the authors of this
handbook (We). The users (You) have to agree to the following conditions
for any uses of the data listed here.

1. We are not responsible for any damages or losses you may incur by using
this system.

2. We have checked the data and figures used in this system, and they are re-
liable to the best of our knowledge. However, we will not compensate you
for any damages or losses due to use of the data.

3. You are not allowed to use the data, figures and photos other than in this
system. When you use result(s) obtained from this system and publish the
result(s) in scientific journals, books and so on, you have to cite this hand-
book as the source.
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3. Water sampling and analytical methods

3.1 Water sampling

Only 2-3 days were spent in collection at any one river, because river con-
ditions can be affected by the weather and the season. Ten samples per river
were collected from the upper stream to the river mouth. If it rained heavily
within 3-5 days before the intended sampling dates, then the sampling was
rescheduled to avoid a dilution effect from the rain. However if the water
flow did not dramatically increase because only a small amount of rain fell,
then we collected samples. Even if it rained on sampling dates, we also col-
lected the samples if the water was not apparently different from its typical
condition.

The uppermost limit of the upstream river section was selected as being
where a car could go and the lowermost limit of the river section was se-
lected as 5 to 10 km from the river estuary. Ten sampling points were se-
lected by dividing the distance between the uppermost and lowermost limits
into nine equal parts and then finding suitable bridges not far from the se-
lected points. However we avoided sampling of muddy flows, places where
another stream or river joined the sampled river and places near drainpipes.
At places where a tributary flowed into the river, samples were taken down-
stream where river water was well-mixed (at a distance equal to ten times
the river width). And when there were several parallel flows, samples were
collected in the largest flow. In principle, collection points were selected in
the center of the river width and samples were taken from bridges. If a suit-
able bridge was not found near the collection point, the river water was di-
rectly collected while standing on the riverbank (photographs 1-3).

Photograph 1: Photograph 2 : Photograph 3 :

Sample collection from a river.  Dipping the polypropylene sam- Sampled water pretreatment.
ple container into the water. No metals were used in these

sampling apparatuses.
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3.2. Analytical methods

Polypropylene bottles, 500 mL and 100 mL, were used for sampling and
storage to avoid sorption of elements on the bottle wall. All bottles were
cleanly washed with nitric acid, rinsed with Milli-Q quality water (>18 MQ)
and finally dried under clean air conditions.

3.2.1. On-site pretreatment and measurements

The air temperature, water temperature, pH, electric conductivity and air
dose rate were measured on-site.

River water samples were collected in clean-washed 500 mL and 100 mL
polypropylene bottles (two bottles, one each, at one sampling point). Each
500 mL bottle was washed with non-treated river water from the same sam-
pling point, filled with the actual water sample, and then, tightly closed.
These samples were transported to NIRS under cool condition (5 °C) where
they were further treated.

Each 100 mL bottle was filled with pretreated river water which was later
directly used for laboratory measurements of the major and trace elements
by inductively coupled plasma optical emission spectrometry (ICP-OES)
and inductively coupled plasma mass spectrometry (ICP-MS). The pretreat-
ment was done on-site as follows. About 150 mL of a collected river water
sample were filtered using a disposable filter unit with a 0.45 ym pore size
membrane filter. A small portion of the filtrate was used to wash the sample
storage bottle, then the rest of the filtrate, ca 100 mL (weighed sample), was
transferred into this washed bottle and 1 mL of concentrated nitric acid
(Tama Chemical Industries., TAMAPURE AA-100) was added. After com-
pleting the pretreatment, these samples were also transported to NIRS under
cool condition (5 °C).

3.2.2. Laboratory pretreatment

The on-site pretreated river water samples were directly used for ICP-
OES and ICP-MS measurements. The samples in the 500 mL bottles (Photo-
graph 4), were filtered through a membrane filter (pore size 0.45 um) as
soon as possible after their arrival at NIRS (Photograph 5). At this time, the
concentration of suspended solids was determined from the filter weight dif-
ference and filtrate weight difference (total filtrate amount) before and after
filtration on a dry weight basis (Photograph 6). The filtrate was separated
into four 100 mL portions, (A): with nitric acid (0.5 mL) added for storage;
(B): without addition of acid for storage; (C): with 0.5 mL addition for Re-

3-5



FE4 HHEEFRR FES5 RRE(CHII2EH FE6 BELOFEME 7
EBER (#1)

3.2.3. BEMRIER LDPHHRA T ELVTHR
HIESREHIILLTO®ED TH %,

- KRR OSIR

- pH : B TH/KER pHET CRHE B TE8HM-14P) THIE L /=,
HIERICIE, pHEEERER (pH4, pH7) TKRIEL 7z,

- HER B THRKER. HEEEF (HORIBAZ Twin Cond B-
173) ZRAWTHEHIEL =, BIEEICIE, EERFORRENL
Ty U ZAWTIELL RS T E2MHERL =

- ERRERT — & (BB THR/KER. BEZ{To7, (Horiba, Radi
PA-300)

CFlEYEE: SBAIB I UOAEE% (ERTHREZIE2HE 07«
WZZ60CT2HRMEEITERZHELZ. 714V DAB
AR OEBEN SFEYEEE RO, 71 )5 EiEKROHEE TR
ULTILS 0 OFEWEEZRBE L,

A FRBEBIUVTHRRE - oo REAENT. AEEROILEKDN
144> &L, IC, ICP-OESBXUICP-MSIZL D EESHTZFTo
7o BOMMETLHRET. KOEBOTHSD, 2B, FHALESH
213, ICIIY A 4% v 7 ADX-100 (BEE 7)., ICP-OESIZ
¥4 31— VISTA-Pro (BE 8)., ICP-MSI3#i 7 F U 51 h)L v
AT LK Agilent 7500c TH 5 (BHE9), FHIEITIHICBEEZ
T2EfFWN, ZTOVEEEEZ SO TERME Lz, AY ¥ — KRR
HIZ. ICIERA A > BLUBGA T > DRGELERAEZ H WL, ICP-
OESB L UICP-MSIZRINFIL A > b AY >4 — R (SPEX #:

3-6



Photograph 4 : Photograph 5 : Photograph 6 :
Onrsite pretreated river water Sample water fitration appara- Suspended solids on filters.
samples. (at NIRS lab.) tus.

measurement (no data reported here); and (D): without addition of acid for
ion chromatography (IC) and bromine and iodine determination by ICP-MS.
(A) and (B) portions were put into 100 mL polypropylene bottles that were
tightly closed to prevent air entry and stored in a refrigerator at 4-5 °C. Sam-
ples were handled carefully to avoid any crossing contaminations.

3.2.3. Measurements
The following properties were measured. Items 1 to 4 were done at the
time of water collection and the others were done at NIRS.

. Water temperature and air temperature (unit: °C)

pH

. Electric conductivity (EC) (unit: mS/m)

. Air dose rate data (unit: pSv/h)

. Suspended solids concentration (SS) (unit: mg/L): The filter was weighed
before filtration. Then after filtration it was dried for 2 h at 60 °C and
weighed again. The suspended solids weight (mg) was calculated from
the weight difference before and after filtration and the suspended solids
concentration was obtained by dividing suspended solids weight by the
liquid volume that passed through the filter.

6. Elemental concentrations (unit: mg/L (107 g/L), or pg/L (10° g/L)): Dis-

solved amounts of major ions and major and trace elements were deter-

mined by IC (Photograph 7), ICP-OES (Photograph 8) and ICP-MS

(Photograph 9). Each measurement was made twice on different days and

the average value was taken as a quantitative value. For IC we used anion

or cation mixed standard solutions (Wako Chemicals, Japan). For ICP-

OES and ICP-MS we used 2-3 multi-element standard solutions (XSTC

series, SPEX, USA) and single element standard solutions (CertiPrep se-
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ries, Merck, Germany); they were mixed and diluted with 2% HNO; ac-
cordingly to measure target elements.

\".\

Photograph 8 : Photograph 9 :

Photograph 7 :

lon chromatography system Inductively coupled plasma opti- Inductively coupled plasm mass
cal emission spectrometer spectrometer

Ton chromatography (IC): concentrations of Li*, Na’, K*, NH,", Mg*, Ca™,
F, Br', CI", NO; and SO.".

Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES):
concentrations of Al, Ba, Ca, Fe, K, Mg, Mn, Na, P, Si, Sr and Zn.

Inductively Coupled Plasma Mass Spectrometry (ICP-MS): concentra-
tions of Li, Be, P, Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As,
Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Cd, Sn, Sb, I, Cs, Ba, La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ta, W, T, Pb, Bi, Th and U.

Some elements were measured by two methods to check the accuracy of
these methods, and also, as a precaution in case a less sensitive method (good
sensitivity was obtained in the following order: ICP-MS, ICP-OES and IC)
could not measure the element concentration, then a more sensitive method
was applied. When the element concentration was measured by two methods,
the determined values used in this handbook were from the more sensitive
method, for instance, Sr values were from ICP-MS rather than ICP-OES.

Accuracy of the measurements was confirmed as needed by using stan-
dard samples purchased from NIST (USA) and NIES (Japan).

In this data communication system, however, concentrations of some ele-

ments for some sampling points were not included if the values were lower
than detection limit.
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