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Abstract

Studies using stable isotopes have been important for wvaluable research in
environmental sciences. Oxygen and hydrogen stable isotope ratios (i.e., 8'%0, 8D) are
widely used to investigate global or local hydrological cycle. Then, regular monitoring
and measurement of §'®0 and 8D in lagoon waters as well as river waters and
precipitations have been carried out in this work. Furthermore, in case of lagoon waters,
water pollutions due to nutrients or organic materials have been observed in recent years.
Therefore, regular monitoring and measurement of nutrients such as nitrogen (N) and
phosphorus (P), DOC (dissolved organic carbon) or DO (dissolved oxygen) in lagoon
waters as simple index of the pollutants is also significant from the viewpoint of
environmental protection.

The object lagoons in this research are Sakata Lagoon (the representative lake in
Niigata Prefecture, which was registered in Ramsar Convention), Toyanogata Lagoon
(the largest lake in Niigata Prefecture) and Zhalong Wetland (the biggest Waterfowl
Nature Reserve in China, which was registered in Ramsar Convention). Sakata is
famous for the wetland registered “Ramsar Covention”, and has a water area of 43.6 ha.
Sakata comprises a large (“Honkata” or “Shitakata”) and a small (“Uwakata”)
freshwater lake with low bogs on the banks. This lake is situated near the major rice
cropland in Japan, and was originally formed in an ancient hollow in the seaside dune.
The lake has no inflow, and the water is supplied from groundwater of the dune. On the
other hand, Toyanogata is the largest lake in Niigata Prefecture (lake area: 162 ha) and
is located near the center of Niigata City. The lake is classified as “the first class river”
(Water Systems of Shinano River), and flows into Kurinoki River.

In addition, to survey the influence of rainfall event on these lagoons and the
surrounding rivers, 8'*0 and 8D, the concentration of major ions, nutrients, and heavy
metals such as Cr in these water samples after rainfall were also determined as well as
those in normal samples.

Consequently, the following matters have been mainly clarified: (1) 8'80 values of

sample waters in Zhalong Wetland are generally large probably because of the effect of
evaporation, whereas those of Sakata lagoon are large which may be due to the
biological process such as the activity of plankton. (2) Considering the results of
nutrients concentrations, the water quality of lagoon (Sakata and Toyanogata) waters in
Niigata Prefecture is better than that of Zhalong Wetland in China. (3) oD value of water
samples in Sakata was generally larger than that in Toyanogata similarly to the case of

8'%0, though remarkable large difference among samples was not found; (4) The pH



value of lagoon water samples is almost 6.5-8.5 (which is generally larger than that of
river water), and pH at the spot of S1 (downstream point of Lower Lagoon (Shitakata))
is remarkably high (9.0-9.5); (5) Lagoon water has the chemical characteristics
contrasting to groundwater with a focus on river water from the viewpoint of pH
(acidity or alkalinity) and DO. These matters can be closely related to the biological
activity such as photosynthesis due to aquatic plant and phytoplankton and the activity
of Crustacea plankton etc. in lagoon. (6) In addition to water samples in Toyanogata,
8'80 of the sample at Sakata 3 (spring water at shore of south area in Shitakata)
increased after rainfall events. (7) The concentrations of Ca** and NO;  remarkably
increased after rainfall events at Sakata 3. (8) The distribution percentage of
“suspended” in most water samples remarkably increased after rainfall event. Moreover,

the increase of total Cr content was also found in these samples.



Chapter 1
General Introduction



1.1 Natural Environment of lagoon

Inland waters contain freshwater ecosystems, which reflect such features of the river
systems as landscape, geology, and land use. With their rich diversity of flora and fauna
and high productivity, these waters compose an important element of the natural
environment. However, rivers and lakes have been the sites of human activities since
prehistoric time, and the freshwater ecosystmes are very susceptible to the modifications
for control and utilization of water and to the influence of industrial activities.

There are many lakes in northern Japan and southern Kyushu, but very few in
western Honshu and Shikoku. Lakes in Japan have many different origins, but can be
grouped roughly. One group is those of volcanic origins including calderas, craters, and
those dammed by ejecta. The largest cardera lake is Lake Kussharo (79.7 sq. km), and
the deepest is Lake Tazawa (425 m). The second group is structural lakes, to which
belogs Lake Biwa, the largest in Japan (673.8 sq. km). These are found on the Japan Sea
side of Honshu and in Hokkaido. Another group has originated from biological
activities including human works. Man-made lakes like reservoirs and natural ponds in
peat bogs belong to this group. The surface area and volume of lakes in Japan are
decreasing due to reclamation by drainage and natural filling up" .

Here is summarized the present state of alteration by man of the natural environment

of inland waters and the distribution of living organisms in them.



1-2 Classification of lagoon

The majority of lakes on Earth are fresh water, and most lie in the Northern
Hemisphere at higher latitudes. Most lakes have at least one natural outflow in the form
of a river or stream, which maintain a lake's average level by allowing the drainage of
excess water. Some lakes do not have a natural outflow and lose water solely by
evaporation or underground seepage or both. They are termed endorheic lakes.

Many lakes are artificial and are constructed for hydro-electric power generation,
aesthetic purposes, recreational purposes, industrial use, agricultural use or domestic
water supply.

Since they progressively become filled by sediment, lakes are considered ephemeral
over geological time scales, and long-living lakes imply that active processes keep
forming the basins in which they form. There are a number of natural processes that can
form lakes?.

Lagoons are classified into 3 main types: (1) leaky lagoons, (2) choked lagoons, and
(3) restricted lagoons. Leaky lagoons have wide tidal channels, fast currents and
unimpaired exchange of water w leaky ith the ocean. Choked lagoons occur along
high energy coastlines and have one or more long narrow channels which restrict water
exchange with the ocean. Circulation within this type of lagoon is dominated by wind
patterns. Restricted lagoons have multiple channels, well defined exchange with the
ocean, and tend to show a net seaward transport of water?).

The object lagoons in this research are Sakata Lagoon, Toyanogata Lagoon and
Zhalong Wetland. Sakata Lagoon is classified for choked lagoon, Toyanogata Lagoon is

classified for restricted lagoon, and Zhalong wetland is classified for leaky lagoon.



1.3 Isotope Hydrology

“Isotope Hydrology” namely, the use of isotopic tools and nuclear techniques in the
study of the water cycle, was born during the years just after the second world war
through the merging. The one hand, of the experience gathered in environmental
monitoring of radionuclide fallout (tritium in particular) and use of radioisotopes as
“dating” tools in geology with, on the other hand, the theoretical knowledge gained on
the fractionation of isotopic species, as exemplified by the work of H. Urey, J.
Bigeleisen and their students®.

Hydrogen and oxygen have a number of isotopes, both stable and radioactive. The
major isotope of hydrogen with a mass of 1,("H), occurs in the hydrosphere at a mass
abundance of 99.985%. It is accompanien by about 0.015% of the heavy isotope’H
whose particular name is Deuterium, designated D in the older literature. An even
heavier isotope of mass 3(*H), named Tritium, is unstable top decay with a half-life of
12.43 years; this is the value usually accepted even though more recent measurements
suggest the value of T1,=12.23 years (Lucas and Unterweger,2000). As this half-life is
compatible with the holdup time in many subsurface reservoirs, Tritium is also widely
used in hydrologic studies as tracer.

The most abundant oxygen isotope, '°O, whose mean mass abundance in the
hydrosphere is given as 99.762%, is accompanied by a number of stable and radioactive
isotopes. The radioactive oxygen isotopes 'O, 'O ,'°0, and *°O all have half-lives of
only seconds and are thus too short lived to be of any significance in the study of the
hydrologic cycle. However, the two stable heavy isotopes of oxygen, '’O and '%0,
whose average abundances are 0.0379% and 0.200%, respectively, are the powerhouses
of isotope hydrology.

Given the five stable isotopes of hydrogen and oxygen, one will have nine isotopic
water molecules ( termed isotopologues in the recent literatre) ranging from a mass of
18 for 'H>'°O to mass 22 for H,'®0. Assuming statistical distribution of the isotopic
species in water, the abundances shown in Table 1-1 are proposed. It is clear that one is
concerned mainly with the molecules '"H?H'°O, 'H,'70, 'H,'®0 and of course, 'H,'°O.

The doubly labeled molecules '"H*H'’O, 'H*H'®O and *H,'°O and even more so the

triply substituted molecules H,'*0, *H,'"O, can be disregarded at the level of natural



abundance of these isotopes ™ .

Soon after the discovery of the heavy isotopes of oxygen and hydrogen in the 1920s
and early 1930s, significant differences were observed in the isotopic contents of
seawater, freshwater, and snow. By the early 1950s, as a result of the availability of
better measurement techniques, the dependence of isotope content of rain on a variety of
climatic factors such as surface air temperature, amount of rain and the altitude of
precipitation, were also observed. Together with the known tempera ure dependence of
isotope ratios, the observed relationship between isotopes and climate also provided a
means to study past climates by using isotope distributions in continental and marine
archives.

The foundation of apply isotopes to quantify fluxes in the hydrologic cycle were
firmly established by 1950s, albeit with a limited scope and limited records of
measurements®). Stable isotopes are chemical isotopes that are not radioactive. Stable
isotopes of the same element have the same chemical characteristics and behave
chemically almost identically. Mass differences, due to a difference in the number of
neutrons, result in partial separation of the light from the heavy isotopes during
chemical reactions. Commonly analyzed stable isotopes include oxygen, carbon
nitrogen, hydrogen and sulfur. There isotopes systems have been used in research for

many years.



1.4 Eutrophication

Eutrophication arises from the oversupply of nutrients, which induces explosive
growth of plants and algae which, when such organisms die, consume the oxygen in the
body of water, thereby creating the state of hypoxia.

The source of the excess phosphate are detergents, industrial/domestic run-off, and
fertilizers. With the phasing out of phosphate-containing detergents in the 1970s,
industrial/domestic run-off and agriculture have emerged as the dominant contributors
to eutrophication”.

Lagoon water generally originates as oligotrophic and has only limited quantities
of nutrients depending upon the mode of its formation and composition of original
sediments. These nutrients are insufficient to produce any significant algal growth. At
this stage the water have only autochthonous nutrients (indigenous nutrients cycling
therein), which usually recycle completely in the absence of any outside supply. As the
allochthonous nutrients (nutrients from outside) start to entering the lagoon, the process
of eutrophication sets in®. The principal natural sources of nutrients are the natural
run-off, fall of leaves and twigs from the surrounding vegetation, periodical
submergence of the nearby terrestrial vegetation, rain fall and bird droppings.

The term eutrophication has been derived from a Geek word “eutrophos” *,
meaning corpulent or rich. The first use of this term in ecology was made in connection
with remnants of the extinct lakes rather than with live lakes.There was some research
found that the upper layers have more nutrients in comparison to the lower layers as the
original lakes received much higher nutrient. He used the terms ‘“eutrophic” and
“oligotrophic” to distinguish between these two layers.

The buildup of nutrients through this slow mode of entry gradually starts
increasing the growth of algae. When the algae die and decompose, the locked nutrients
are again made available to the fresh algal growth. During each cycle, the nutrients are
progressively increased in the water body. With the advancement of eutrophication, the
cycling of nutrients is unable to maintain the equilibrium between production and
decomposition, then an ever increasing organic matter is introduced in the lagoon which
ultimately gets deposited at the bottom. Slowly, the thickness of the bottom sediments

increases with time, leading to the formation of swamps, bogs, marshes, and finally to



the extinction of the water body in long run.

The process of eutrophication is shown in Fig.1-1 which indicates that a lagoon
passes from oligotrophic to eutrophic condition through some arbitrary intermediate
stages called ologo-mesotrophic, mesotrophic and meso-eutrophic. It is also evident that
with the progress of eutrophication, an increasing quantity of nutrients comes in
circulation, and cycles become unable to complete. The speed of eutrophication does
depend not only on the rate of nutrient supply, but also on other factors like climate and
morphometric features. The tropical climate usually supports a higher rate of
eutrophication as it favors higher nutrient utilization and algal growth in comparison to
cold and temperate climates.

In addition, eutrophication is greatly augmented by the increased supply of
nutrients through various human activities such as discharge of domestic sewage,
industrial wastes, agricultural and urban run-off. Increased levels of air pollution also
make the water bodies rich in nutrients through their transport with rains or by dry
fallout. This increased supply of nutrients triggers the algal growth at a much faster rate,
thus, increasing the speed of eutrophication, which otherwise would have been a slow
natural phenomenon. The relation of the rate of eutrophication with the ageing of lagoon
is shown in Fig.1-2. Though all lagoons mature in due course by eutrophication and
become extinct, extinction time is considerably reduced by accelerated eutrophication.
The process of eutrophication is therefore, sometimes, referred to as ageing of lagoons.
It is also evident from the Fig.1-3 that the rate of eutrophication slows down with time
due to reduced light penetration as a result of increased turbidity and consequent fall in

primary production.



1.5 Chromium (Cr)

Chromium (Cr) 1s the seventh most abundant element on earth and is found in rocks,
animals, plants, and soils. Cr is thought to exist mainly in two oxidation states, the
trivalent (Cr(III)) and hexavalent (Cr(VI)) states in natural aqueous environments'® "),
The character of Cr(III) and Cr(VI) is summarized in Tablel-2. Cr(VI) may be present
in the form of CrO42-or HCrOy", and Cr(III) tends to form [Cr(H.0)s]* ", Cr(H20)s(OH)>

*, Cr(H,0)4(OH),", or Cr(IIl) organic complexes. Cr(VI) is toxic, carcinogenic, and

mutagenic, whereas Cr(III) is essential for living organisms.

10



1.6 Humic substances (HS)

Humic substances (HS) are those organic compound found in the environment, they
widely exist in soils, water and sediments of the ecosphere. They are traditionally
defined as humin, humic acid (HA) and fulvic acid (FA). The structures of HS (HA and
FA) taken from Leenheer et al '» are shown in Fig.1-3, and the elemental analyses of
HS used in this work were carried out Watanabe et al'®). It is considered that HS contain
a large number of potential metal-complexing functional groups including carboxylic
sites and phenolic moieties and that regulate the speciation, transport, and subsequent
fractionation of heavy metals in contaminated aquatic environments. For example, the
distribution of Cr in the environment is controlled by oxidation-reduction processes.
The oxidation of Cr(IIl) occurs in the presence of MnO,.On the other hand, Cr(VI) may
be reduced by organic matters such as humic substances as shown in Fig.1-4 , which
have been reported to have a great effect on the reduction of Cr(VI) and on complex

formation with Cr(IIl).'®
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Table 1-1 Isotopic water species and their relative abundance.*

Mass Molecule Rel. Abundance

18 "H,'%0 0.99731

19 "H*H'°0O 3.146x10*
19 "H,'70 3.789x10*
20 "H*H'"0 1.122x107
20 H,'°0 2.245x10%
20 "H,'*0 2.000x107
21 ’H,'"0 - negligible
21 "H*H'80 6.116x107
22 H,"*0 - negligible

(*Assuming equilibration during disproportionation reactions)

{Note that the abundance of molecules which are singly substituted by Deuterium,
e.g."H?HO, is twice that of the product of the atomic abundances}. As given by Coplen
et al. (2002).

12



Table 1-2 Character of Chromium

Characters Toxicity Environmental  Distribution

Existence form

Standard

(Japan)
Cr(VI) high <0.05ppm At natural aqueous  CrO4*", HCrO4
Cr(IIT) low <2ppm At natural aqueous  Cr(H,O)n,

(OH)m(3-m)"

13
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Chapter 2

Isotopic and Chemical Characteristics of
Lagoon Waters in Sakata and

Toyanogata and Zhalong Wetland
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2.1 Introduction

Oxygen and hydrogen stable isotopes (i.e., 8'*0, 8D) serve as useful tool for
characterizing the origin of local waters and local hydrological cycle. These data supply
some important hydrological information such as estimating the groundwater recharge,
the movement of water in soils, the origin of the atmospheric vapor or the conditions of
rain formation "', Hence, studies using stable isotopes are becoming an increasingly
valuable component of research in environmental sciences and have been widely
performed in the world '9'7.

Niigata Prefecture (Hokuriku District, Japan) is located in the geographic position
where the monsoon comes from the Continent '®. Moreover, a large amount of snow
falls every year in winter season. Thus, isotopic and chemical investigation of the water
samples in Niigata Prefecture is significant for the understanding of hydrologic
environment in this area. However, hydrological and environmental investigations using
oxygen and hydrogen isotopes (i.e., 8'*0O and 8D) as tracers have been little reported in
Niigata Prefecture.

Then the characteristics of precipitation samples in Niigata Prefecture by using §'*0
and other measuring items have been investigated in our labolatory '2%,

In this study, the main subject is focused on the environmental characteristics of
lagoon waters in Niigata Prefecture. In case of lake or lagoon waters, water pollutions
due to nutrients or organic materials have been observed in recent years >,

Therefore, regular monitoring and measurement of Nutrients such as T and P or Cr in
lagoon waters as simple index of the pollutants is also significant from the viewpoint of
environmental protection.

Considering the above-mentioned, in addition to the measurement of §'%0 and 8D, the
concentrations of Eutrophication and Cr in water samples of Sakata and Toyanogata
were determined in the present work to investigate the environmental characteristics of

lagoon waters in Niigata Prefecture in recent years.
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2.2 Experiment

2.2.1 Study area

Sakata Lagoon, the Niigata Prefecture's largest duned lake in Japan,was registered
with the Ramsar Convention on Wetlands in March 1996. This lagoon and its
surrounding area is designated as a special district under the Natural Parks Law, and
also as the Sakata National Protection Area for Birds and Mammals. There are many
forms of aquatic life inhabit Sakata lagoon,such as euryale ferox and Monochoria
Korsakowii, both of which are endangered in Japan. After comprehensive
considerations, we took the water samples at 3 fixed sampling spots:as shown in Fig.2-1,
Sakata 1 was in the outflow of downstream,Sakata 2 was in the joint area between
Kamisakata and Hongata, besides,at the south of Hongata,the Sakata 3 was placed in
spring.

Toyanogata Lagoon, formed by Shinano River floods,is located in the south of
Niigata Prefecture,near the coast of the Sea of Japan.As the largest part of
EchigoPlain,it has a basin area of 10, 000 hectare and lake area of 180 hectare. With the
rapid urban construction, Toyanogata Lagoon is known as “The Land of Serenity” for its
abundant aquqtic,plant and bird resources. After comprehensive considerations of
hydromechanics and geology,we took the water samples once a month at 4 fixed
sampling spots(T1:the upstream inlet,T2:the farm drainage channel, T3:the drainage
channel of residential districts, T4:the downstream outlet),as shown in Fig.2-2.

Zhalong wetland, one of the major wetlands in China, locates on Songnen Plain of
SonghuabRiver Basin in Heilongjiang Province. In 1992, the wetland was put onto the
list of Wetlands of International Importance. Zhalong Wetland is a paradise of birds and
a heaven of cranes. There are more than 260 species of birds in Zhalong Natural
Reserve, including 35 species of national protection birds. The Reserve is particularly
renowned in the world for its large amount diversified species of cranes. In this study,
the sampling point was selected at Zhalong Lake,the principal part of water sysytem in

Zhalong Wetland(Fig.2-3).

20



2.2.2 Analysis methods

For the measurement of oxygen stable isotope ratio  (i.e., §'*0), CO,-H,O isotope
equilibration method** was used. The sample preparation procedure is the same as that
in previous work?*?> and based on the method by Watanabe et al. as shown in Fig.2-4
29 Isotopic measurements were performed with a stable isotope ratio mass spectrometer
(Micromass PRISM). The precision associated with these analyses was within +0.2%o.
Results of oxygen isotope ratio analysis are shown relative to SMOW (Standard Mean
Ocean Water).

For the measurement of hydrogen stable isotope ratios (6D), H2-H>O isotope
equilibration method with Pt catalyst based on Coplen et al. >” was used. as shown in
Fig.2-5 . Isotopic measurements were performed with a stable isotope ratio mass
spectrometer (Micromass PRISM).

Sample waters were immediately filtered through different size of membrane filters
(i.e., the sizes are 3.0pum, 0.45um, and 0.10pm) one by one®®. Furthermore, unfiltered
sample waters for the determination of total Cr were decomposed with sulfuric acid
(H2S04) and nitric acid (HNO3)>?.

A schematic diagram of the procedure for the pre-concentration of Cr in environmental
waters is shown in Fig.2-6. Cr content in “suspended” was estimated by subtracting that
in the filtrate (obtained by 0.45um filter) from total Cr concentration. Cr content in
“colloidal” was estimated by subtracting the concentration of the filtrate obtained by
0.45um filter from that obtained by 0.10um filter.

Each filtrate except the dissolved fraction (passed through 0.10um filter) for
determining Cr (III) and Cr (VI) was concentrated from 500 cm® to 50 cm® by heating.
The dissolved Cr was separated into Cr (III) by using Bio-rad AG50W-X8, and into Cr
(VI) by using Bio-rad AG1-X8 or Eporasu K-6 chelating resin. The concentration of Cr
in each fraction was determined by ICP-AES.

The detection limit of Cr (III) and Cr (VI), based on 3 times of standard deviations
(30) of the blanks by 10 replicates, was 0.03ug-dm™. Moreover, the determination limit
of Cr (III) and Cr (VI), based on 10 times of standard deviations (10c) of the blanks by
10 replicates, was 0.10ug-dm.

21



Measurement of other items
For the measurement of nutrients,i.e. NO,, POs*, total nitrogen (T-N), and total

phosphorus (T-P) were determined by absorption spectrometry (HITACH, Z-5000).

Basic physical parameters such as water temperature, pH, EC (electric conductivity),
ORP (oxidation-reduction potential) and DO (dissolved oxygen) in samples were
measured at the sampling sites by a handy pH/COND and pH/DO Meter (HORIBA,

D-24 and D-25).

22



2.3 Results and Discussion

2.3.1 Physical parameters (pH,EC,ORP and DO) of

lagoon waters
Representative hydrographic data (i.e., pH, water temperature, EC, ORP, DO and ) in

these lagoon waters during sampling periods are shown in Table 2-1.
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2.3.2 Isotopic characteristics of lagoon waters

Seasonal behaviors of '*0 and 8D of water samples at five points from two lagoons in
Niigata Prefecture are shown in Fig.2-7and Fig.2-8

From Fig. 2-7and Fig.2-8, 8D value of water samples in Sakata was generally larger
than that in Toyanogata similarly to the case of §'80, though remarkable large
difference among samples was not found.

From the previous node in our laboratory it is found that the 3'80 values of water
samples in Sakata were larger than those in Toyanogata and in Shinano River as shown
in Fig.2-9, and that §'"*O value in one of these samples (i.e. Sakata 1) is particularly
large in summer.

The cause of large §'%0 in Sakata has been estimated as the following possibility: (a)
the effect of evaporation; (b) the activation of biological effect such as plankton; (c) the
recharge from the surrounding groundwater.

It is known that zooplankton is found both in Sakata and in Toyanogata. However,
Crustacea plankton (i.e., zooplankton having CaCO; on shell) exists only in Sakata
according to the statistical data from Environmental Management Division in Niigata
City.

From the above-mentioned matter, it is suggested that larger §'®0 found in water
sample of Sakata particularly in summer is closely related to the activity of Crustacea
plankton. That is to say, it is considered that the O (oxygen) of this sample is enriched
in '*O due to the following exchange reaction with the O of CaCO; included in
Crustacea plankton.

3H,'°0 + CaC"05 = 3H,'*0 + CaC'*0; @

Moreover, the effect of the recharge from the surrounding groundwater is also
considered for explaining high §'%0 values of waters in Sakata .

From the results of isotopic analyses of 8D (in addition to §'30) in this work, the
biological effect based on Eq. (1) may be active in case of Sakata because dD value in
summer was not larger than that in other season compered to §'%0 values.

Then the sample water of Sakata is strongly affected by the activity of crustacean
plankton.Seasonal variation of '*0 is found clearly in Sakata lagoon water (particularly
in Sakata 1) as shown in Fig.2-7.

Hourly variation of §'%0 is also expected. Then, we collected water samples with
every 2 hours in the whole day at Sakata 1 and Sakata 2 to investigate hourly variation
of '%0 and pH in Sakata.

The investigation was carried out twice in summer and winter, and the result is shown

24



in Fig.2-10 From this figure, “s1” and“s2” denote the samples taken in summertime on
Sakata 1 and Sakata 2, and similarly “w1” and “w2” denote the samples in wintertime
on Sakata 1 and Sakata 2. On the contrary to our expectation, no remarkable hourly
variation of §'%0 (i.e., the difference on “day” and “night”) was found (Fig.2-10).

The mean value of each §'30 is shown as follows: §'*0s1 =-5.84%o, 6!%0s2 =-7.76%o,
30wl =-7.45%0, 6'*0w2=-8.10%0. The difference of 530 values between Sakata 1
(downstream) and Sakata 2 (upstream) are 1.92%o in summertime, and 0.65%o in
wintertime. Large differences of '*0 between 2 points in summertime may be attributable
to the biological process in the lagoon such as the activity of above-mentioned Crustacea
plankton in addition to the effect of evaporation process. It is noteworthy that even in
wintertime, the differences of 3'0 between 2 points are found to some extent. In
wintertime, there is a possibility that isotope-exchange reaction between dead shell remains
of Crustacea plankton and water occurred.

The investigation was carried out twice in summer and winter, and the result is shown in
Fig.2-11 From this figure, time course of the pH, summer is high but no trend in winter.

Annual variation of 'O in the depth distribution (Toyanogata) is shown in Table 2-2 On
the other hand, monthly variation of 6D (June~October) is also shown in Table2-3. Clear
difference was not observed among the depth.
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2.3.3 Nutrient concentrations in lagoon waters

For the observation of eutrophication situation,the amount of nitrogen referred to
TN(total nitrogen), ammonia nitrogen(NH4 -N) and nitric nitrogen(NO3-N),similarly
the phosphorus determination including TP(total phosphorus) and PO4*"-P(phosphate
phosphorus).It was found that Sakata3 had the larger TN concentration in Fig.2-12,the
annual minimum was 4.26mg/L, and the annual maximum was 71.29mg/L.The
maximum of Zhalong Lake was the biggest one,18.00mg/L.

The datas of Zhalong Wetland exceeded Sakata Lagoon several times (Fig.2-13)
demonstrated that its annual TP concentration maximun reached 0.400mg/L,even
though the annual minimun was still 0.011mg/L, more than surface water standard
value(0.02mg/L).The second precedent individual was Sakata 2,annual minimun was
0.019mg/L and the maximum came up to 0.23mg/L. The last one was Sakata 3,annual
minimum and maximum attained to 0.014mg/L and 0.042mg/L respectively.

Based on the TP concentration, Trophic Sate Index(TSI) is calculated, and shown in
table 2-5.
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2.3.4 Chromium concentrations in lagoon waters

The distribution percentage of Cr (III) and Cr (VI) in each lagoon water sample is
shown in Fig.2-14 along with the ratio of Cr (III) to Cr (VI) (i.e., Cr(III)/Cr(VI)).

The ratio of Cr (III) to Cr (VI) is 1.5-2.4, suggesting that the concentration of Cr
(ITT) 1s larger than that of Cr (VI) at all sampling points. The ratio of Cr (III) to Cr (VI)
may be a tracer for representing the oxidation-reduction state.

The distribution percentage of Cr (III) and Cr (VI) at depth distribution in lagoon
water (Toyanogata) is shown in Fig.2-15 along with Cr(III)/Cr(VI). The ratio of Cr (III)
to Cr (VI) is 2.0-2.8, and Cr(IIT)/Cr(VI) tend to increase with the increasing the depth.
This may be related to the humic substances because the concentration of humic

substances also increase with the increasing the depth.
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2.4 Conclusions

(i) Stable Isotope

8'"*O values of sample waters in Zhalong Wetland are generally large probably
because of the effect of evaporation, whereas those of Sakata lagoon are large which
may be due to the biological process such as the activity of plankton. 6D value of water
samples in Sakata was generally larger than that in Toyanogata similarly to the case of
8'%0, though remarkable large difference among samples was not found. It was
suggested that the biological process such as the activity of Crustacea plankton as well

as the recharge from surrounding groundwater is active in Sakata.

(ii)) Nutrients

It is quantitavely revealed that the water quality of lagoon (Sakata and Toyanogata)
waters in Niigata Prefecture is better than that of Zhalong Wetland in China. Particularly,

self-purification is active because of the biological process in Sakata.

(iii) Chromium

For all of the investigated water samples, the concentration of Cr (III) species is
higher than that of Cr (VI) species. The ratio of Cr (III) to Cr (VI) is generally larger
with increasing the depth, although significant differences cannot be detected. The ratio

of Cr (IIT) to Cr (VI) can be a good indicator for represent the oxidation-reduction state

at the spot.
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Table 2-1 Representative hydrographic data of sample waters in Sakata and Toyanogata lagoon

pH

Month Sakatal Sakata2 Sakata3 Toyanol Toyano?2
Jan 8.5 8.3 7.6 7.3 7.3
Feb 6.9 6.9 7.2 6.9 6.9
Mar 8.5 6.9 8.6 7.1 6.9
Apr 8.9 8.0 7.1 8.4 6.9
May 6.9 9.2 6.8 6.9 6.3
Jun 10.6 8.0 7.7 8.6 7.3
Jul 9.9 7.8 7.1 7.4 6.9
Aug 10.4 7.3 7.6 8.3 7.1
Sep 10.4 7.7 7.8 7.7 7.3
Oct 9.9 6.8 7.5 7.6 7.1
Nov 9.4 7.5 7.2 7.3 7.0
Dec 9.6 8.0 7.4 7.5 7.2

EC(uS/cm)

Month Sakatal Sakata2 Sakata3 Toyanol Toyano2
Jan 297 319 366 426 465
Feb 302 393 267 248 305
Mar 133 279 236 244 484
Apr 291 304 348 385 258
May 319 285 353 164 116
Jun 276 307 375 289 309
Jul 231 334 382 301 325
Aug 296 352 353 346 619
Sep 22 285 322 511 133
Oct 145 316 213 61 98
Nov 283 293 379 79 65
Dec 288 156 387 382 278
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ORP(mV)

Month Sakatal Sakata2 Sakata3 Toyanol Toyano2
Jan 289 302 339 284 279
Feb 288 206 270 331 116
Mar 281 239 208 244 90
Apr 207 206 246 198 104
May 233 150 199 189 178
Jun 122 211 202 169 214
Jul 113 162 213 204 183
Aug 45 174 202 151 178
Sep 108 190 193 186 193
Oct 135 118 177 195 83
Nov 182 199 125 189 77
Dec 208 240 259 259 25

DO( mg/L)

Month Sakatal Sakata2 Sakata3 Toyanol Toyano2
Jan 15.6 11.4 12.3 11.4 10.4
Feb 9.5 8.2 12.3 11.4 10.7
Mar 13.8 11.0 12.9 10.9 9.1
Apr 11.4 13.0 10.4 12.0 9.2

May 10.5 10.8 12.7 10.5 8.4
Jun 8.8 18.8 10.6 11.3 7.5
Jul 19.9 8.7 7.8 7.4 5.1
Aug - 4.8 12.4 10.7 5.6
Sep 19.1 8.6 11.3 9.6 53
Oct 15.1 3.9 9.8 8.3 7.2

Nov 13.6 9.0 8.3 9.0 8.1
Dec 16.3 10.6 8.8 8.7 8.8
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Table 2-2 Annual variation of 'O in the depth distribution (Toyanogata)

Jun Jul Aug Sep Oct Nov
Ocm 991 120 136 -3.65 -10.2 9.74
25¢m 99  -1l.6  -134 9.20 -10.1 9.75
50cm 944 -112  -135 -9.04 -10.5 971
7T5¢m 102 <110 133 -9.08 -10.3 -9.58
100cm 950 -112  -134 9.07 -10.0 9.17
Dec Jan Feb Mar Apr May
Ocm 939 -6.83 -3.88 -10.2 -10.3 -10.6
25¢m 928 832 -8.63 -10.3 -10.3 -9.94
S0cm 965 852 830 -10.3 -10.3 -3.77
75¢m 919 -104 872 9.85 -10.3 -9.55
100cm .92 -10.7  9.05 -10.4 -10.4 -10.8
Table 2-3 Annual variation of 3D in the depth distribution (Toyanogata)
Jun Jul Aug Sep Oct
Ocm S T — -60.1 -52.9 -59.3
25cm -65.7 -69.6 -65.7 -56 -55.3
50cm -64.6 -69.6 632 -55.3 -58.7
75cm -64.4 -68.5 -65.1 -54.6 -58.6
100cm 64 -70.2 -64.9 -53.7 -56.3
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Table 2-4-a Physical parameters of depth distribution of Toyano Lagoon .

pH Ocm 25cm 50cm 75cm 100cm
Mid, s 7.17 6.98 6.91 6.8 6.84
DO
Ocm 25cm 50cm 75cm 100cm
(mg/L]
Mid, s 7.03 6.85 7.22 7.26 7.69
EC[uS/cm] Ocm 25cm 50cm 75cm 100cm
Mid, s 326 309 165.5 160.3 167.6
ORP[mV] Ocm 25cm 50cm 75cm 100cm
Mid, s 154 169 180 191 199
w.t.[C] Ocm 25¢cm 50cm 75¢cm 100cm
Mid, s 11.4 11 11.3 11.1 11.1

Table 2-4-b Chlorophyl-a and Humic substance of depth distribution of Toyano Lagoon .

Chl-a

Ocm 25cm 50cm 75cm 100cm
(ppm]
Mid, s 0.00161 0.00197 0.00162 0.00156 0.00182
Hum.

Ocm 25cm 50cm 75¢cm 100cm
(ppm]
Mid, s 11.4 11.9 12.2 14.1 14.7

Table 2-4-c - NO>"-N and NO;™-N and T-N of depth distribution of Toyano Lagoon .

NO:-N
Ocm 25cm 50cm 75cm 100cm
(mg/L]
Mid, s 0.00686 0.00686 0.00696 0.0104 0.0128
“-N
NOs Ocm 25cm 50cm 75cm 100cm
(mg/L]
Mid, s 3.83 4.86 3.68 4.27
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T-N(mg/L)

Ocm

25¢cm

50cm

75cm

Mid, s

1.527

1.517

1.363

1.512

Table 2-4-d PO4*>~P and T-P of depth distribution of Toyano Lagoon.

PO4*-P[mg/L] Ocm 25¢m 50cm 75¢cm
Mid, s 0.00599 0.00450 0.00450 0.00450

T-Plmg/L] Ocm 25¢m 50cm 75¢cm

Mid, s 0.017 0.017 0.017 0.017

Table 2-4-e Major anions and cations of depth distribution of Toyano Lagoon.

CI-
Ocm 25cm 50cm 75cm 100cm
(ppm]
Mid, s 41.68 41.84 43.44 47.13 41.46
SO:* [ppm] | Ocm 25c¢m 50cm 75¢cm 100cm
Mid, s 25.57 16.55 16.14 23.71 16.91
N +
: Ocm 25cm 50cm 75cm 100cm
(ppm]
Mid, s 27.47 40.66 45.15 45.61 39.01
K*(ppm] Ocm 25cm 50cm 75¢cm 100cm
Mid, s 0.7969 0.9163 1.559 1.193 0.9477
Mg>*[ppm] Ocm 25c¢m 50cm 75¢cm 100cm
Mid, s 8.366 6.209 5.251 7.524 6.564
Ca?*[ppm] Ocm 25cm 50cm 75cm 100cm
Mid, s 24.11 20.15 17.08 20.33 18.82
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Table 2-5 Trophic State Index (TSI) of each point in several lagoons

Points TSI (min) TSI (max) Status

Sakatal 49.9 70.0 Eutrophication

Sakata2 41.2 79.6 Mesotrophication-Eutrophication
Sakata3 312 33.8 Mesotrophication

Toyanogatal 46.7 74.6 Mesotrophication-Eutrophication
Toyanogata2  40.0 60.2 Mesotrophication-Eutrophication
Zhalong 63.5 86.3 Eutrophication
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Fig.2-1 Sampling spots of Sakata Lagoon

Toyano2

Toyano3
Toyanol

Fig.2-2 Sampling spots of Toyano Lagoon
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Qigihar City

Fig.2-3 Sampling spots of Zhalong Wetland
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Introduce 1 ml of water sample into

each vial (3 ml)

4

Put vials into gloved bag

CO, gas

A

Evacuation of air in gloved bag

Repeated 3 times
CO, gas

o
<«

v

Seal vials

Leave vials overnight in

Al block thermostat

H,O-CO,

A

Isotope Exchange Reaction

\ 4

Introduce CO, gas to

Mass Spectrometry

Fig.2-4 Scheme of sample preparation procedure for oxygen isotopic analysis.
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Introduce 1 ml of water sample into
each vial (3 ml)

< Platinum catalyst
V

Put vials into gloved bag

3 N, gas

Evacuation of air in gloved bag

H, gas

Evacuation of air in gloved bag

Repeated 3 times

Seal vials

Leave vials 80 minutes in al block thermostat

[sotope Exchange Reaction
HDO, +H H,0, +HD,

1) ¥

\

Introduce H, gas to Mass Spectrometry

Fig.2-5 Scheme of sample preparation procedure for hydrogen isotopic analysis
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®-@®, Dissolved: @ (Dissolved Cr(Ill):®), Dissolved Cr(VI):®)
Fig.2-6 Pre-concentration and speciation procedure for chromium in

environmental water
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Fig.2-8monthly variation of 6D in sample waters of lagoon
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Fig.2-9 Monthly variation of '%0 in Sakata and Toyanogata ( 3'30 of samples at

three points in Shinano River in are also shown).
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Fig.2-10 Every 2 hours variation of 6 '*O in Sakata lagoon waters in summer and

winter.
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Fig.2-11 Every 2 hours variation of pH in Sakata lagoon waters in summer and

winter.
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Chapter 3

Behavior of pollutants in lagoon waters
and the effect of precipitation on the

water quality of lagoon
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3.1 Introduction

Studies using stable isotopes have been important for valuable
research in environmental sciences. Oxygen and hydrogen stable
isotope ratios (i.e., 8'*0, 8D) are widely used to investigate global or
local hydrological cycle. These data supply some important
hydrological information such as the groundwater recharge, the origin
of the atmospheric vapor, and the movement of water in soils etc.

Hence, isotopic analyses of oxygen and hydrogen in environmental
waters have been widely performed in the world.

Niigata Prefecture is located in the geographic position where the
monsoon comes from the Continent. Moreover, a large amount of snow
falls every year in winter season. Thus, isotopic and chemical
investigation of the natural water samples in this area is very important
for the understanding of hydrologic environment.

Therefore, we have investigated the characteristics of environmental
water samples in Niigata Prefecture by using mainly 8'*0O as well as the
concentration of major ions or trace metallic elements". In this study,
the main subject is focused on the influence of rainfall event on the
quality and characteristics of lagoon waters in Niigata Prefecture.
Then, 8'*0 and the concentration of major ions, the nutrients such as
nitrogen (N) and phosphorus (P), heavy metals such as Cr in water
samples after rainfall were determined as well as those in normal
samples. The speciation analysis of chromium (Cr) in lagoon waters in
Niigata Prefecture was also performed by applying ion-exchange
methods in the present work.

The objective of this chapter is particularly to investigate the behavior
of pollutants, and to estimate the source and/or supply route of the

pollutants.

47



Then, in addition to the determination of COD (Chemical oxygen
demand) and TOC (Total organic carbon) or DOC (Dissolved organic
carbon), chlorophyll a was also determined. Furthermore,
organic-origin nutrients (i.e., organic-N and organic-P) was calculated
by subtracting inorganic-N (i.e., NH4s"-N + NO,-N + NO3-N) from
Total-N or inorganic-P (i.e., PO4*"-P) from Total-P.

In addition, to estimate the effect of surrounding environment, the
sampling of surrounding river and drainage channel around Toyanogata
was conducted. The ambient well water samples around Sakata was
taken likewise.

Moreover, to survey the influence of precipitations on these lagoons,
5'*0 and the concentration of major ions and Cr in these samples after

rainfall event were also determined as well as those in normal samples.
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3.2 Experimental
3.2.1 Study area (surrounding area of lagoon)

The location of 5 ambient well water samples around Sakata is shown in
Fig 3-1. In case of Toyanogata, the surrounding river and drainage
channel around Toyanogata was researched. The sampling maps are

shown in Fig. 3-2.
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3.2.2 Analytical method

A stable isotope ratio mass spectrometer (Micromass PRISM) was
used for measuring 3'%0. For the measurement of §'*0, CO,-H,0
isotope equilibration method (Epstein & Mayeda 1953) was used. An
ICP-AES instrument (Seiko Instruments, Inc., SPS1500) was used to
determine the Cr concentration.

The concentrations of major ions (Na*, K*, Ca*", Mg?*, CI', NOs",
S04?") were determined by ion chromatography (DIONEX, DX-100).
Nutrients such as NH4"-N, NO,-N, NO; N, PO4;*" and TN, TP were
determined by Absorption Spectrophotometer (Hitachi-U5100).

The basic water quality data, such as temperature, pH, EC (electric
conductivity), ORP (oxidation- reduction potential) and DO (dissolved
oxygen) for samples were measured at each sampling point by a handy
pH/COND and pH/DO Meter (HORIBA, D-24 and D-25).

The concentration of total organic carbon (TOC) was measured by
TOC Meter (SHIMAZU, 5050A). Chemical oxygen demand (COD) was
determined by titration with Potassium Permanganate (KMnO4). The
content of Chlorophyll-a and humic substances were analyzed by

fluorescence spectrometer (SHIMADZU, RF5300-PC).
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3.3 Results and Discussion
3.3.1 DO and DOC of lagoon waters

Representative seasonal variations of pH of water samples at five
points from Sakata and Toyanogata in Niigata Prefecture are shown in
Fig.3-3

From Fig.3-3, it is found that pH of lagoon water samples is 6.5-8.5
(which i1s generally larger than that of river water), and that pH at the
spot of Sakatal (downstream point of Lower Lagoon (Shitakata)) is
remarkably high (9.0-10.5). It might be attributable to photosynthesis
due to aquatic plant and phytoplankton.

When these plants perform photosynthesis as following Eq. (2), CO»
are consumed in lagoon waters.

6CO2 + 6H,0 — CsH1206 + 602 (2)

Furthermore, it is considered that consumed CO, can be supplied
from HCO;3" (hydrogen carbonate ion), and OH" (hydroxide ion) are
given off as following Eq. (3).

HCO3  — CO:; + OH- (3)

Then pH of the lagoon water shows basic by the release of OH".

Seasonal variations of DO and DOC in the representative lagoon
water samples from Sakata and Toyanogata in Niigata Prefecture are
shown in Fig.3-4, respectively. From Fig.3-5, it is noting that the value
of DO in Sakata is relatively large in summer (particularly in July) in
spite of large value of DOC in summer. It 1s suggested that the
self-purification effect is existed in waters of Sakata because the
dissolved oxygen is large in spite of large amount of organic materials.
It may be related to photosynthesis of aquatic plants such as
phytoplankton, considering it in conjunction with the results of
above-mentioned pH. On the other hand, remarkable seasonal behavior

of DOC or DO is not found in water samples of Toyanogata.
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3.3.2 Organic components of lagoon waters

The organic matter components at the fixed 5 points in Sakata and
Toyanogata are shown in Table 3-1. It is noteworthy that the value of
Chlorophyll-a is remarkably high in Sakata 1 as well as large values of
DOC at spring and summer as mentioned in 3.3.1. It is suggested that

the phytoplankton growth is active in Sakata 1.
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3.3.3 Relationship between TOC and COD in lagoon
waters
The relationships between TOC and COD at Sakata and Toyanogata

are shown in Fig 3-6(a) and (b). For a comparison, the relationships at
Nishi River and Shinano River are shown in Fig 3-6(c) and(d).

From these figures, it is found that TOC vs. COD is generally good
relationship, although the relationship at Shinano River is not good.
In Shinano River, it is suggested that several species of organic
materials was flowed in this river because there are some kinds of
rivers in this water-system.
The relationships between TOC and COD may serve as a useful tool for
estimating the effect of mixing from other kinds of water systems or

from inflow of some organic materials.
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3.3.4 6'%0 values of surrounding river and
groundwaters near Toyanogata

Seasonal behaviors of 'O in surrounding river and groundwaters near
Toyanogata are shown in Fig 3-7. It indicates that §'*0O values of water
samples in Shinano River is similar to that in Toyanogata throughout
the year, and 3'%0 values of representative river waters such as

Shinano River are almost from —11%o to —10%0 throughout the year. On
the other hand, the mean §'%0 values of the representative groundwater
samples in Niigata Prefecture are larger than that of river samples, and

the values are about —9%o (—9.5%0 to —8.5%0) throughout the year.
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3.3.5 8!30 values of surrounding groundwaters near
Sakata

To confirm the effect of the recharge from the surrounding
groundwater on Sakata lagoon waters, §'*0O values of 5 ambient well
water samples around Sakata (The location of these well water samples
is (a), (b), (c), (d) and (e) in Table 3-2) were determined recently.
These values are as follows: —8.28%0 for (a), —8.22%0 for (b), —8.32%o
for (¢), —8.53%0 for (d) and —8.52%0 for (e); and larger than those of
other groundwater samples (—9.5%o to —8.5%0)'”) near rivers in Niigata
Prefecture.

From these results, it may be suggested that the recharge from the
surrounding groundwater is one of important factors for the cause of

large 8'*0O values in Sakata lagoon waters.
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3.3.6 Relationship between DO and water
temperature in environmental waters in Niigata
Prefecture

Relationship between DO and water temperature in lagoon waters is
shown in Fig 3-8. The data in river waters are mostly distributed around
a certain curve (i.e., the solubility curve), which might be related to the
fact that the solubility of gas is inversely proportional to water
temperature.

In case of lagoon waters, the data are mostly distributed over the
upper part of the curve, whereas the data in groundwater are mostly
distributed over the bottom of the curve.

As mentioned above, in lagoon, the photosynthesis due to aquatic
plant and phytoplankton may perform, which leads to the production of
a large amount of oxygen, and generally attain to supersaturation state
of oxygen. On the other hand, oxygen is considered to be consumed by
the active activity of microbes in groundwater because it is generally in
contact with soil or rock. Then oxygen is mainly in unsaturated state in
groundwater, and pH of the water shows acidic by the release of CO».
That is to say, it is suggested that lagoon water has the chemical
characteristics contrasting to groundwater with a focus on river water

from the viewpoint of pH (acidity or alkalinity) and DO.
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3.3.7 The effect of precipitations on the variation of
6130 in lagoon waters

The 8'*0 values before and after rainfall events are compared in Fig
3-9. The sample collected after rainy weather is denoted as the symbol
“#” after each sample (e.g., LS1*). For reference, §'%0 variations of
water samples at 3 points in Shinano River are also shown.

From Fig 3-9, it is found that §'*0O in Sakata water samples after
rainfall events is smaller than that in fine day (before rainfall). On the
contrary to the samples in Sakata, reversal tendency was found for
Toyanogata.

The following factors can be considered to alter §'%0 values in
lagoon waters after rainfall events:

(1) dilution by the direct inflow of precipitation

(2) supply from surrounding soil (rock) or groundwater

(3) the reduction of “evaporation effect” relative to fine day

An enrichment of 'O after rainfall events may be caused by the factor
(2) because §'*0 in rock or groundwater is larger than that in lagoon or
river waters; whereas the opposite change (i.e., depletion of '*0) may
be caused by the factor (3) because the concentration of heavy isotope
(i.e., '®0) due to evaporation effect is larger in fine day than in rainy
day. It can not be presumed whether factor (1) enriches or depletes §'%0
of lagoon waters depending on 8'%0 of precipitation at each rainfall
events.

Accordingly, it may be considered that in the case of sample waters in
Sakata, factor (3) is dominant, which may be attributed to the fact that
Sakata lagoon is relatively small lagoon. On the other hand, factor (2)

may dominate in the case of Toyanogata.
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3.3.8 The effect of precipitations on the variation
of Cr in lagoon waters

Furthermore, the speciation analysis of Cr in river waters after
rainfall event was also shown in Fig.3-10. It is found that the
distribution percentage of “suspended” remarkably increased for each
sample taken on the day after rain fall event. Moreover, the increase of
total Cr content was also found in all samples. Generally, the
concentration of Cr in rainfall is lower than environmental water (river
water or lagoon water) and the average is 0.19 z g-dm™ ?®- 2% On the
other hand, the concentration of Cr in soil is much higher than
environmental water and is about 50 mg-dm™. *®) It is considered that
the increase of total Cr (and the “suspended”) is caused by the supply
from surrounding soil (or rock) due to the rainfall event instead of the direct

inflow of precipitation.

58



3.3.9 The effect of precipitations on the variation of
major ions in lagoon waters

Compared with Sakata 1 and 2, specific variation of major ions was
found in Sakata spring water (Table3-3). In particular, the
concentrations of Ca?" and NO;  increase after rainfall events.
suggested that the weathering of calcite (CaCO3), dolomite
(CaMg(CO0Os3)2) and amphibole (CaxMgsSigO22(OH)2) generally accounts
for the concentration of Ca?" in river and groundwater. In addition,
Bischoff et al.30) described that the composition of the springs is
entirely consistent with the chemical weathering of basaltic rock by
carbonic acid solutions. Compared with lagoon waters, spring water is
more affected by groundwater. Hence, increase of the concentration of
Ca’" after rainfall events in Sakata spring water indicates the
possibility of geochemical weathering by the interaction with
surrounding soil (rock). Moreover, it is well known that there are many
paddy and upland fields around the sampling spots of Sakata spring
water, consequently the fertilizer used in these fields may result in the
increase of NO3;™ concentration after rainfall events.

On the contrary to the samples in Sakata, the concentrations of most
major ions in Toyanogata increased after rainfall events. Enormous
increase of the concentration of Na*, Cl" was found in Toyanogata 2. In
addition, higher concentration of HCO;  and Ca?" after rainfall events
is characteristic of Toyanogata, which may be attributed to the
interaction of precipitation with calcium carbonate (CaCOs3) in nearby
soil of this lagoon. In other words, factor (2) may be dominant in
Toyanogata as expected from analytical results of §'%0.

From the above-mentioned, one should note that the effect of rainfall
event on lagoons was obviously different between Sakata and
Toyanogata from analytical results of both §'*0 and the concentrations

of major ions.
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3.3.10 Annual variations on the physical parameters
in lagoon waters

The data of physical parameters for lagoon water samples at the

fixed 3 points in Sakata 2005 and 20014 are shown in Table3-4.

Among these data in Table3-4, it is found that the variations of
physical parameters for lagoon water samples are generally small
throughout the year. It may reflect that the pollution was not proceed

so much.
Particularly, self-purification is active because of the biological

process in Sakata.
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3.4 Conclusions

(i) The value of DO in Sakata is relatively large in summer in spite of
large value of DOC in summer. Moreover, the eutrophication is not
relatively large in spite of high concentrations of chlorophyll a.

Self-purification is active because of the biological process in Sakata.

(ii) Lagoon water has the chemical characteristics contrasting to
groundwater with a focus on river water from the viewpoint of pH
(acidity or alkalinity) and DO. These matters can be closely related to
the biological activity such as photosynthesis due to aquatic plant and

phytoplankton and the activity of Crustacea plankton etc. in lagoon.

(iii) After rainfall events, the following matters were considered.

1. 8'*O of sample at S3 increased after rainfall events as well as

those of samples in Toyanogata.

2. The concentrations of Ca?" and NO;~ increased after rainfall events

at S3.

3. The concentration of total Cr and the percentage of “suspended”
remarkably increased after rainfall event. The concentration of
Cr(III) is larger than that of Cr(VI) species in our samples.

It is suggested that the increase of dissolved components may be caused
by the supply from surrounding soil (or rock) due to the rainfall event

instead of the direct inflow of precipitation.
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Table 3-1 The organic matter components in Sakata and Toyanogata

Sampling Points Measurement items

DOC (mgl)  COD(mgl) DON (mgl) DOP(mgl) Chl-a (mg/l)

Sakata Lagoon 1~ Spring 9.3 0.9 0.03 -
Summer 10.8 269 0.8 0.06 0.28
Autumn 33 24.1 0.3 0.01 0.25
Winter 1.7 26.8 2.6 0.01 0.41

Sakata Lagoon 2 Spring 3.6 2.2 0.04 -
Summer 8.1 4.8 1.3 0.07 0.03
Autumn 14 54 30 0.03 0.02
Winter 1.7 37 3.2 0.03 0.02

Sakata Lagoon 3 Spring 2.8 6.6 0.01
Summer 4.5 1.9 6.7 0.01 0.02
Autumn 0.9 2.3 13.5 0.003 0.03
Winter 0.9 12 12.2 0.004 0.01

Toyano Lagoon ) Spring 31 - 0.5 0.01 -
Summer 35 5.1 0.3 0.01 0.1
Autumn 3.1 4.2 0.9 0.01 0.006
Winter 2.1 2.7 1.1 0.01 0.002
Toyano Lagoon @ Spring 34 - 13 0.02 -

Summer 34 29 0.6 0.01 0.001
Autumn 1.9 2.6 1.0 0.01 0.001
Winter 2.5 24 1.2 0.01 0.01
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Table 3-2 5 O average values of well water and lagoon water

Sampling point

3180 / %o

a -8.28
b -8.22
C -8.32
d -8.53
e -8.52
S1 -7.10
S2 -8.28
S3

-8.24
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Table3-3Concentration (ppm) of major ions in S3 before and after

rainfall events

Before ramnfall After ramfall
Na' 23.9 23.9
K’ 3.30 434
Ca*' 29.1 43.7
Mg** 14.8 13.7
Cl 20.2 18.2
NOy 56.2 81.8
SO4” 88.8 72.5
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Table3-4 The data of physical parameters for lagoon water samples

at the fixed 3 points in Sakata 2005 and 20014

pH Apr  May June July Aug. Sep. Oct. Nov. Dec.

2005  Sakata 1 95 96 95 94 92 85 9.6 8.6 8.9
Sakata 2 85 84 73 6.9 68 638 74 74 8.2
Sakata 3 70 72 70 70 70 73 7.7 7.2 7.9
2010 Sakata 1 94 86 92 69 69 69 13 9.4 8.8
Sakata 2 7.1 9.1 77 6.6 65 68 7.0 6.9 7.5
Sakata 3 75 71 75 70 69 68 6.8 6.9 7.2
2014 Sakata | 89 69 106 99 104 104 99 9.4 9.6
Sakata 2 80 92 8O 78 73 77 6.8 7.5 8.0
Sakata 3 7.1 68 17 71 76 78 7.5 7.2 7.4

EC(S/em) Apr May June July Aug. Sep. Oct. Nov. Dec.

2005  Sakatal 286 268 238 233 283 301 278 291 289
Sakata2 274 286 312 318 338 314 307 326 293
Sakata3 396 375 354 372 597 390 365 335 374

2010 Sakata 1 147 27.0 263 280 277 261 353 295 263
Sakata2 149 292 294 321 281 303 326 335 302
Sakata3 355 382 405 407 378 383 404 408 403

2014 Sakatal  29.1 319 276 232 296 220 146 283 288
Sakata2 304 285 307 334 352 285 316 293 157
Sakata3 348 353 375 382 353 322 213 379 387

DO(mg/) Apr May June July Aug. Sep. Oct. Nov. Dec.

2005 Sakata 1 66 70 126 108 59 94 112 113 129
Sakata 2 76 76 52 21 50 38 6.1 6.3 8.9
Sakata 3 73 74 67 73 7.1 8.3 7.0 73 6.9
2010 Sakata 1 123 11.8 146 43 2.5 33 4.6 143 155
Sakata 2 97 16l 84 3.1 16 25 5.0 3.5 6.3
Sakata 3 94 103 115 105 77 88 9.8 11.6 126
2014 Sakata | 114 105 88 199 - 19.1 151 136 163
Sakata 2 130 108 188 87 48 86 3.9 9.0 10.6
Sakata 3 104 127 106 78 124 113 98 8.3 8.8
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Fig.3-1 The location of ambient well water samples around Sakata
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Fig.3-2 The location of ambient samples around Toyanogata

67



12

-~ Sakata 1
10 —-Sakata 2
=
= —&~Sakata 3
=¥ Toyanogata |1
8
—4—Tovanogata 2
6
Apr. May. Jun. Jul. Aug Sep. Oct. Nov. Dec. Jan. Feb. Mar.
Month

Fig.3-3 Monthly variation of pH in Sakata and Toyanogata.

16
-@-Sakata 1
’,u: 12
-
= e T 0yanogata 1
g
2
4

Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.
Month

Fig.3-4 Monthly variation of DO in Sakata and Toyanogata.

68



>

/ \\ =+=Sakata |

=== Tovanogata |
TSN,

Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec. Jan Feb. Mar.

L

e
>

DOC (mg-L-1)

Month
Fig.3-5 Monthly variation of DOC in Sakata and Toyanogata.

69



Sakata

** * 7
¢ ¢ Y=0.506X+0.9823
R2=0.7278
2 4 6 8
COD (mgO/1)
Toyanogata
[ ] ¢
¢
A
o8 ¢ o
Y=0.4752X+1.319
R?=0.6203
2 4 6 8

COD (mg0/1)

70



Nishi river

L
C
4
EE ’
o R
o 2 Y=0.5168X+1.046
i 2
1 * R2=0.6190
0 1 1 1
0 2 4 6 8
COD (mg0/1)
Shinano river
4 T T T
.
Lailing 3 i i
.
I 5 |
3 * %@
— .0 L
T Y=0.3942X+0.9577 1
R2=0.2584
0 1 1 1
0 1 2 3 4
COD (mg0/))

Fig.3-6 The relationships between TOC and COD

71



—&— Shinano
River 1

—— Shinano
River 2
Shinano
River 3
Sakata 1

—¥— Sakata 2
—8— Sagata spring
water

—+— Toyanogata 1

—&— Toyanogata 2

?'Q‘(

300 ?\\)‘f’o OC}' oe:o ?9(

Fig.3-7 Monthly variation of 8'*0 in environmental waters

72




25
W o
oH A
20 0.~
X OS].
% 15 v as2
: £ S3
o 10 XTI
= 112
5 @ O River water
+Ground water
0
0 s 100 15 20 25 30 3%
w.t(C)

Fig.3-8 Relationship between DO and water temperature in lagoon

waters

73



0130 /%o
2
-
5
Lo

Sakata

-12

Fig.3-9 Comparing the 8'*0 in “ normal weather condition ” and

“ after rainfall event ”.

74



. Fine
A Rain

5070

0.20 -
0.10 -
0.00 -

S1 S2 S3 T T2

Fig.3-10 Percentage of Cr species in environmental water after

rainfall event

75



Chapter 4
Oxygen stable isotopic ratio in

precipitations in Niigata Prefecture,

Japan
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4.1 Introduction

Oxygen and hydrogen stable isotope ratios (i.e., 8'*0, D) have already been
extensively used to investigate global or local hydrological cycle and to trace the origin
and evolution of water D3,

Oxygen and hydrogen isotope play an important role to survey isotope distribution of
precipitation.

The stable isotopic compositions of precipitations vary with physical-chemical
conditions such as evaporation and condensation in hydrological cycle *¥*%. In addition,
researches on precipitation chemistry in different areas have received some attention in
recent years 9339 1t is considered that 3'0 and 8D of precipitation reflect the origin
of the atmospheric vapor and the conditions of precipitation formation above the
sampling site *7). Thus, the isotopic variations of individual precipitation allow us to
assess gradual or abrupt changes in the meteorological conditions governing the
precipitation formation *%.

Furthermore, the 'O value of the precipitation is considered to be correlated with the
air temperature of the place where the precipitation is formed 373?49, Hence, estimating
time-course of 3'*0 in individual precipitation for a short period is important for the
standpoint of the meteorology as well as investigating annual or seasonal behavior of
8'%0.

Niigata Prefecture is located in the center of Honshu Island in Japan, and acts as a
receptor for the huge natural and anthropogenic emissions from adjacent continent, and
also has long range transport with the influence of monsoon*" Moreover, a large
amount of snow falls every year in winter season. Thus, isotopic and chemical
investigation of the precipitation samples in Niigata Prefecture is significant for the
understanding of hydrologic environment in this area.

Considering the above-mentioned, the characteristics of precipitation samples in
Niigata Prefecture by using 8'%0 and  other measuring items have been investigated in
previous work 2.

In this paper, to investigate the characteristics and sources of precipitations in Niigata
Prefecture in more detail, in addition to regularly sampling conducted every one or two
weeks as described in previous paper *¥, sequential rainfalls sampling for a short period
was preliminarily carried out for five precipitations in any seasons including during the
passage of typhoon. For these samples, time-course of 8'%0 was examined during
rainfalls; and backward trajectories analyses have been also conducted to estimate the

passing route of air mass which bring about the precipitation.
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4.2. Experimental

4.2.1 Samples

Precipitation samples have been weekly collected with a filtrating bulk sampler (Fig.
4-1) at the rooftop of Niigata University, Niigata City of Japan (139°02’ E,37°55' N).
Furthermore, precipitations from several sampling points in Niigata Prefecture have
been supplied as occasional demands by Niigata Prefectural Research Institute of Public
Health and Environmental Sciences. In this work, samples in four points in Niigata
Prefecture (Fig. 4-2) taken in 2005-2006 were examined.

In addition to above samples, some precipitations were taken sequentially for a short
period from July 2009 to March 2010. Sequentially taken rainfalls are listed in Table4-1.
Among these samples, the second precipitations were taken during passage of the No.

18 Typhoon in 2009 **.

4.2.2 Analytical Method

For the measurement of oxygen stable isotope ratios (5'*0), CO,-H,O isotope
equilibration method *¥ was performed. The sample preparation procedure was the
same as described in previous work *?. Isotopic measurements were performed with a

stable isotope ratio mass spectrometer (Micromass Prism).

4.2.3 Backward Trajectories Analyses

Backward trajectories analyses have been conducted for sequentially taken rainfalls
based on METEX (Meteorological Data Explorer) *> by Center for Global

Environmental Research, National Institute for Environmental Studies.
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4. 3. Results and Discussion

4.3.1 Seasonal Variation of 6180 Values in the Precipitation

The basic data such as pH, EC (electric conductivity), temperature and amount of
precipitation for samples weekly taken at the rooftop of Niigata University in 2010 are
shown in Table4-2. Monthly variation of §'30 for these precipitation samples is shown
in Fig.4-3 along with the amount of precipitation.

The 8'80 values of the precipitation samples at four points in Niigata Prefecture from
April 2005 to March 2006 are shown in Table4-3. It is found that the mean value of
8'80 at seaside spots (i.e., Niigata City) is larger than that of inland spots (Nagaoka or
Sanjyo City). Particularly, it is notable that the mean value of 'O in Sanjyo (-8.68%o)
is remarkably small compared to that of other points.

From Fig.4-4, which was displayed based on the data in Table4-3, it is found that 'O
values in Sanjyo City are generally small throughout the year, although §'*0O value in
Jouetsu is low depending on season. It may reflect that the precipitations in Niigata
Prefecture are dominantly affected by “continental effect” [1].

From Figs.4-3 and4- 4, the following features have been generally presented in the
precipitation in Niigata Prefecture: (1) In rainy season or autumn (particularly typhoon
season), 8'80 values of precipitation are relatively small, whereas §'%0 values of
precipitation are relatively large in summer; (2) The variation of 3'%0 value in
precipitation is generally smaller in winter than in summer at each area in Niigata
Prefecture. In rainy season, when the development of the seasonal rain front over Japan
is large, the air mass (which origin is generally Pacific Ocean or East China Sea) based
on the seasonal rain front bring rain slowly from south, and decrease '*O with the
movement to northward. Thus low §'®0 value observed in high latitude (such as

Niigata City) can be attributed to the effect of “latitude effect” [1] as well as “amount
effect” [1]. Higher §'*O values observed in summer may be related to the development
of Pacific high pressure because the Pacific high pressure is dominant in summer in
Japan. This may be predominantly affected by “temperature effect” [1]. Liu et al. *»
mentioned that 3'30 of summer monsoon precipitation in East Asia is relatively larger
than that of winter precipitation, and is in good agreement with this work*®. In winter,
the Siberian air mass crosses northern Japan including Niigata Prefecture and the supply
route of precipitation is relatively uniform. It can be one of the causes that the variation
of 8'*0 in precipitation is generally small in winter.

From the above-mentioned, it is considered that the variation of §'%0 values is closely

related to the dominance or stability of the air mass in each season.
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4.3.2 Time-Course of 8'*0 Values in the Precipitation

Time-course of §'%0 for sequentially sampled precipitations on July 27, 2009 is
presented in Fig.4-5 along with the amount of precipitation. From Fig.4-5, it is found
that '*0 decreased with time during 10:00-14:00, although slightly increased at first
and final stage. Taking time-course of §'%0 (during 10:00-14:00) into consideration
with the backward trajectories analyses (Fig.4-5) *°), it is suggested that the
precipitations might be brought about by the same air mass (i.e., the source is near East
China Sea and the passing route is almost constant) during precipitations. It may reflect
the feature as predicted by “Rayleigh model of atmospheric vapor condensation®®?43%”,
On the other hand, 8'%0 increased at 10:00 and at 16:00, which may be related to
“amount effect” [1] (because the amount of precipitation is small at 10:00 and at 16:00).

Alternatively, the inflow of air having different origin (with relatively large §'*0
value) can be considered.

Time-course of §'%0 for sequentially sampled precipitations on October 8, 2009 is
presented in Fig.4-6 along with the amount of precipitation. From Fig.6 it is found that
8'80 decreased with time until the final stage, as predicted by “Rayleigh model of
atmospheric vapor condensation”. Taking time-course of §'%0 into consideration with
the backward trajectories analyses (Fig.4-6) *%, it is suggested that the series of
precipitations might be brought about by the same air mass (i.e., the source is near
Pacific Ocean and the passing route is almost constant) during precipitations.
Furthermore, the amount of precipitations decreased with time until the final stage,
suggesting that the new inflow of air cannot be found during the series of
precipitations.

Time-course of 3'%0 of the sequentially precipitations taken from November 11, 2009
is shown in Fig.4-7 along with the amount of precipitation.

From Fig.4-7, it is also found that 'O decreased with time until the final stage, as
predicted by “Rayleigh model of atmospheric vapor condensation”. Judging from the
backward trajectories analyses (Fig.4-7) *), the source which brought about the
precipitation is near north of Japan Sea.Time-course of 'O of the sequentially
precipitations taken from January 20-21, 2010 is shown in Fig.4-8 along with the
amount of precipitation. Contrary to the above case, 5'%0 generally increased with time
until the final stage. Furthermore, the amount of precipitations increased with time until
the final stage.

The feature as predicted by “Rayleigh model of atmospheric vapor condensation”

was not shown in the series of precipitations, which may be attributable to the
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intermittent inflow of air having different origin with relatively large §'%0 value during
the series of precipitations. Judging from the backward trajectories analyses (Figs.
4-8a,4-8¢) *, the source which brought about the precipitation is near Siberia and north
of Japan Sea.

Time-course of 'O of the sequentially precipitations taken from March 4-5, 2010 is
shown in Fig.4-9 along with the amount of precipitation. It is found that 3'*0 increased
at first, and then gradually decreased with time (during 21:00-1:00). From the backward
trajectories analyses (Figs.4-9a,4-9d) *%, it is found that the source which brought about
the precipitation changed from (a) (at 19:00) to (b) (at21:00). Then, the remarkable
increase of 'O at 21:00 may be attributable to the supply of the air masses having
different origin with high §'*O value.

Furthermore, the amount of precipitations increased with time until the final stage. It is
considered that the water vapor was continuously supplied from the same air mass (i.e.,
the continent of China, Yellow Sea, and Japan Sea) during 21:00-1:00, and then brought
about the continuous increase of rainfall.

Considering the above-mentioned, it appears that a decreasing heavy isotope (i.e.,
8'%0) content, as predicted by Rayleigh models of atmospheric vapor condensation, is a
predominant feature of sequentially sampled rainfalls, particularly for precipitations
taken during passage of typhoons, although further investigations are needed to confirm
the relationship between time-course of 3'*O and meteorological
condition in more detail.

From this work, the sources and passing routes (or the characteristics) of precipitations
in Niigata Prefecture could be quantitatively clarified to some extent. The data obtained
and the method used in this work can be useful for the preservation of atmospheric

environment.
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4.4 Conclusions

For the investigation of the characteristics, sources and the passing route of
precipitations in Niigata Prefecture, time-course of oxygen stable isotopic ratios (i.e.,
5'80) as well as seasonal variation of '*O have been examined. It was suggested that
decreasing 3'%0 content with time found in the samples of sequential rainfall for a short
period is a predominant feature as predicted by Rayleigh models of atmospheric vapor
condensation.

Moreover, it was found that the mean value of 3'%0 at seaside spots (i.e., Niigata City:
-6.93%o) is larger than that of inland spots (Nagaoka City: -7.58%o or Sanjyo City:
-8.68%o), and that the §'0O values varied between -14.57%o and -3.86%o in the
precipitations of Niigata University.
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Table 4-1 The sampling data of rainfall events from 2009 to 2010 in Niigata

University.

Number of Amount of precipitation /

Rainfall Date Sampling period / h

samples mm
Jul 27,2009 5 26 10
"Oct 8,2009 5 6.5 10
Nov 11,2009 4 55 8
Jan 20-21, 2010 3 6.5 6
Mar 4-5, 2010 4 9.5 8
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Table 4-2 The variation of pH and EC in precipitation at Niigata University.

Term pH EC{uSicm) Temperature (C) Amount(mm)

14-1.11 436 190.6 4.1 3662
Lil-118 392 191.2 75 37.58
1.18-1.25 4.06 79.5 9.4 47.13
1.25-2.1 4.50 109.6 10.3 2038
2.1-29 4.10 1465 10.7 66,88
2.9-2.16 4,60 36.2 6.0 42.04
2.16-223 3.81 1134 4.6 23,89
2.23-32 412 445 87 398
3.2-39 381 50.9 113 1115
39316 548 469 12.5 47.77
3.16-323 479 717 100 2102
3.23-3.30 539 81.0 7.0 3023
330-46 402 17.8 146 3089
46-4.13 5.05 36.1 150 28.66
4,13-4.20 4.66 66.4 188 2548
4.20-427 5.59 19.6 185 14.65
427-54 4.99 52.5 210 1178
5.4-5.11 493 222 i83 1242
511518 4.60 164 221 2548
5.18-3.25 5.01 6.7 223 5034
5.25-6.1 5.66 285 217 3822
6.1-6.8 4.16 36.7 253 637
6.8-6.15 394 323 279 6.37
6.15-6.22 436 4.8 26.5 5287
6.22-629 4,70 9.7 252 7994
6.26-7.13 4.24 293 233 28.98
7.13-7.20 533 9.5 320 35.03
7.20-83 440 137 320 4140
83-8.17 437 142 33.2 3790
81787 492 186 230 3662
9.7-9.14 447 324 282 79.04
9.14-9.21 401 i59 257 45.08
9.21-9.28 5.14 243 i8.8 71.34
9.28-105 5.55 273 190 3217
16.53-10.12 485 i83 244 3185
10.12-10.19 4.38 68.0 216 §92
10.18-10.26 443 88.6 134 1146
10.26-11.2 5.35 974 16.3 50.32
11.2-11.9 402 1204 13.0 6943
11.9-11.16 447 1906 0.0 24.20
11.16-11.23 4.28 49.2 102 2389
11.23-11.30 440 94.8 i6.1 49.36
11.30-127 438 202.0 9.0 42.68
127-12.14 470 1057 12.1 37.58
12.14-12.20 417 70.0 8.50 64.65
12.20-12.28 4.60 1576 8.0 66.88
12.28-1.4 412 131.2 4.8 42.04
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Table 4-3 6'%0 value and precipitation amount in 4 pointsof Niigata Prefecture .

Niigata Nagaoka Jouetsu Sanjyou
Sampling Date 50 (%) Precipitation {mm) 60 (%0) Precipitation (mm) 50 (%0) Precipitation (mm) 340 (%) Precipitation (mm)
3.284.11 -6.68 421 710 60.2 -6.14 62.1 -5.98 817
411425 -4.34 229 692 39.8 -5.61 30.6 749 330
42539 -3.98 211 -4.26 271 -4.19 268 -4.43 343
59-523 5.4 20.0 -5.86 346 -5.17 26.1 -7.28 66.8
5.23-66 - 49 -4.87 168 -3.90 253 -7.53 36.1
6.6-6.20 -11.22 214 760 145 -12.83 283 932 234
6.20-74 -7.34 1283 6,77 1822 776 1799 -7.91 276.1
74-7.19 -8.59 69.7 -8.86 100.0 -9.05 924 -0.86 1264
7.19-8.1 -647 243 9,73 510 -7.88 58.9 -9.57 1376
8.1-8.17 -7.04 95.8 -8.06 1863 -14.75 755 -8.90 346.7
§17-829  -10.22 478 727 170.7 -12.56 96.2 -9.52 88.3
8.29-9.12 .17 370 -6.33 599 -10.81 943 -11.73 66.1
9.12-9.26 -4.98 - -5.60 232 -3.04 278 -8.37 62.3
9.26-10.11  -3.93 86.4 517 586 -1.41 81.2 -8.27 92.6
10.11-1024  -832 59.6 -8.76 742 344 72.0 -10.94 1040
10.24-1031 780 304 437 6.7 -4.77 148 -6.00 221
1031117 <595 233 633 150 713 14.0 -752 254
1171121 -5.67 738 -804 180.6 <7152 176.1 -7.29 1627
1121-11.28  -684 92.9 175 984 -10.87 52.9 -7.94 76.8
11.28-125  -749 26.6 891 1500 -8.70 1385 -7.95 1586
1251219 -10%89 1341 -11.50 2245 -10.28 1347 933 1806
12.19-14  -10.02 84.3 -8.70 2271 -10.22 178.3 -11.06 1478
14-1.16 -1047 423 -9.38 108.6 -10.56 1232 -1232 94.6
1.16-1.30 -8.38 6.2 -6.56 710 -4.59 694 -8.53 311
1.30-2.13 -9.54 3835 974 1774 9.13 1113 939 181.2
213227 -6.73 347 -7.16 376 692 543 1.4 684
227313 922 67.3 -11.55 79.0 -11.65 994 -11.24 718
313327 -8.68 40.7 -9.06 1204 9.70 90.1 -10.04 1599
Mean -6.93 -7.58 185 -8.68
$D -5.09 -5.04 -3.71 512
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Fig.4-1 Schematic diagram of the system for rain-water collection.
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Fig.4-2 Sampling point of precipitation at 5 points in Niigata Prefecture.
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Fig. 4-5 Time-course of 5'*0O and precipitation values from 8:00 to 16:00 on July 27,
2009 in Niigata University. Three-day 3D-wind backward trajectory on July 27,
2009 at (a) 8:00; (b) 10:00; (c) 12:00; (d) 14:00; (e) 16:00.
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Fig.4-6 Time-course of '*0 and precipitation values from 10:00 to 18:00 on

October 8, 2009 in NiigataUniversity. Three-day 3D-wind backward trajectory on
October 8, 2009 at (a) 10:00; (b) 12:00; (c) 14:00; (d) 16:00; (¢)18:00.
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Variations of Precipitation and 8 '%0 values on 11/11
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Fig.4-7 Time-course of '*0 and precipitation values from 0:00 to 6:00 on
November 11, 2009 in Niigata University. Three-day 3D-wind backward trajectory
on November 11, 2009 at (a) 0:00; (b) 2:00; (c) 4:00; (d) 6:00.
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Variation of Precipitation and 6 "%0 values on 1/20-1/21
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Fig.4-8 Time-course of 5'*0 and precipitation values from 22:00 on January 20 to
2:00 on January 21 in Niigata University in 2010. Three-day 3D-wind backward
trajectory on January 20-21, 2010 at (a) 22:00; (b) 0:00; (c) 2:00.
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Variation of Precipitation and & 80 values on 3/4-3/5
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Fig.4-9 Time-course of '*0 and precipitation values from 19:00 on March 4 to
1:00 on March S in Niigata University in 2010. Three-day 3D-wind backward
trajectory on March 4-5, 2010 at (a) 19:00; (b) 21:00; (c) 23:00; (d) 1:00.
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Chapter 5  Conclusions
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For the investigation of the characteristics of lagoon waters in Sakata, Toyanogata
in Niigata Prefecture, Japan and Zhalong Wetland in Heilongjiang Province, China,
oxygen and hydrogen stable isotopic ratios (i.e., §'*0, D) and the values of pH, DO
and DOC have been regularly examined. Furthermore, the concentrations of
chromium (Cr) as well as those of major ions, the nutrients such as nitrogen (N) and
phosphorus (P) in these water samples were determined. In addition, to survey the
influence of rainfall event on these lagoons and the surrounding rivers, §'0 and 8D,
the concentration of major ions, nutrients, and heavy metals such as Cr in these water

samples after rainfall were also determined as well as those in normal samples.

The results obtained through this work are summarized as follows:

(1) 8"0 values of sample waters in Zhalong Wetland are generally large probably
because of the effect of evaporation, whereas those of Sakata lagoon are large
which may be due to the biological process such as the activity of plankton. 6D
value of water samples in Sakata was generally larger than that in Toyanogata
similarly to the case of §'*0, though remarkable large difference among samples
was not found. It was suggested that the biological process such as the activity of
Crustacea plankton as well as the recharge from surrounding groundwater is active
in Sakata.

(2) It is quantitatively revealed that the water quality of lagoon (Sakata and
Toyanogata) waters in Niigata Prefecture is better than that of Zhalong Wetland in
China. Particularly, self-purification is active because of the biological process in
Sakata.

(3) For all of the investigated water samples, the concentration of Cr (III) species is
higher than that of Cr (VI) species. The ratio of Cr (III) to Cr (VI) is generally
larger with increasing the depth, although significant differences cannot be
detected. The ratio of Cr (III) to Cr (VI) can be a good indicator for represent the
oxidation-reduction state at the spot.

(4) It was found that pH value of lagoon water samples is 6.5-8.5 (which is generally
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larger than that of river water), and that pH at the spot of S1 (downstream point of

Lower Lagoon (Shitakata)) is remarkably high (9.0-10.5). The value of DO in

Sakata is relatively large in summer in spite of large value of DOC in summer.

Moreover, the eutrophication is not relatively large in spite of high concentrations

of chlorophyll a. These things might be attributable to photosynthesis due to

aquatic plant and phytoplankton. Self-purification is active because of the
biological process in Sakata.

(5) Lagoon water has the chemical characteristics contrasting to groundwater with a
focus on river water from the viewpoint of pH (acidity or alkalinity) and DO.
These matters can be closely related to the biological activity such as
photosynthesis due to aquatic plant and phytoplankton and the activity of
Crustacea plankton etc. in lagoon.

(6) After rainfall events, the following matters were considered.

1. 8'"%0 of sample at S3 increased after rainfall events as well as those of samples in

Toyanogata.

2. The concentrations of Ca** and NOs™ increased after rainfall events at S3.

3. The concentration of total Cr and the percentage of “suspended” remarkably
increased after rainfall event. The concentration of Cr(III) is larger than that of
Cr(VI) species in our samples.

It is suggested that the increase of dissolved components may be caused by the
supply from surrounding soil (or rock) due to the rainfall event instead of the direct

inflow of precipitation.

The data obtained and the method used in this work can be useful for

environmental preservation or recovery of resources.
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