Figure 3, were obtainedby collecting the meshes in which
their flow directions reach to same site together. In the
database, one land utilization type was allotted in each
mesh,

Population density of each mesh was not available from
an original source, which had populations in their
administrative divisions; 31 towns and 49 districts. Then,
a multiple linear regression analysis was applied to 49
districts, using population density as the target variable,
and land utilization percentages of land use types as
explanatory variables. The population & each mesh was
estimated with this multiple linear regression equation.
Table 2 summarizes the region properties of the 39
catchments, which were constructed from the database by
integrating or averaging the values in the meshes that
cach catchment contains. The information includes
altitude, land utilization and population density of each
site.

Water quality and quantity surveys

A simultaneous water survey was conducted at 39 sites in -

one day from 6 am to 1 pm. The survey was repeated
three times on 24 November 2000, 24 October 2001 and 2
December 2002 To avoid the influences of storm events,
the survey dates were sclected when the basin had not
received any rainfall during the sampling and their
preceding 48 hours. At each site, a flow rate was
measured and a water sample was collected to analyze
more than 20 water quality items related with organic
matter, nutrients, jonic and elements. Environmental
conditions such as DO, pH and temperature were
measured at the site. Average of three times observations
in each sampling site is summarized in Table 2. In
addition, a continuous observation survey was conducted
at sites, No. 37 and 38, every 2 days during 23 September
to 12 December 2002 to observe variation of water

Fig.3 Catchment area

quality. The items measured in the continuous survey were the same as those in the simultaneous

water survey.

Water data analysis

£

Analysis of variance (ANOVA) is technique to statistically evaluate the influences of each factor on
variation, and can give these effects by contribution percentages on the whole variation. In this
research, twoway ANOVA was used to examine the effecis of date and site, simultancously and
quantitatively. The data used for this analysis are three sets of thirty-nine observations for each

water quality item and the equation of “y, =x, +4;+B;+e;” is used as the model In this

equation, xo is average level of y;; Aiand B; are main effects concerning i" date and j" site, and ejj:
residual part of variation that these parameter value cannot explain. Table 3 presents the ANOVA
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Tabie 3 Equations of SOS, df MS, SOS™ and contribution ratio

Source SOS8 df MS SO5” Contribution (%)
2
Date bg(x,. - XJ a-l  SOS./dfs  SOSa-dfu(MS.) 100508, J/SOS
b 2
Sampling point aZ(x J. —xj b1 SOSu/dfs  SOSy-dfs(MS.) 100(S08 ")/SOS,
= ,
a b 2
Residues > Xy =X, =X, =X | @-) SOS/df;  SOS.-dfe(MS.) 100(SOS. )/SOS,
=] j=1
Total 508,+808, +808 (1-1) __SOS./df: 508, 100

a, b, e, 1 as subscriptions are representatives of date, sampling point, error and Total, respectively.

table, which explains how to calculate sum of square (SOS), degree of freedom {df), mean square
error (MS), adjusted sum of square (SOS™) and contribution ratio.

Loading analysis

The results of the ANOVA analysis showed water quality items that had high contribution
percentages on sites These items were chosen for investigation of land utilization effects to
pollutant loading. Forest area was first investigated to find out relationship to pollutant loading
because it occupied 80% of total area. Eight catchments (sampling Nes. 1, 2, 6, 7, 9, 10, 20 and 21),
which only consist of forest area located in upstream, were used to extract the effect of forest
because of no effect from other land utilization types nor human activities (no resident). The linear
relationship between the area and loading was investigated with coefficient of determination (R?).

The effects of paddy field (including other agricultural areas) and residential arca were examined
with the remaining loading, which was obtained with subtraction of forest loadmg from the whole
loading. The forest loading was calculated with the product of forest area (km?) and the forest umt
loading (kg/km?d) that was estimated with the above analysis. The equation of “L =g x, +a,x,”
was applied to the remaining loading to evaluate the effects of paddy field and residential areas by a
multiple linear regression. In the equation, L is the pollution loading (kg/d) excluding forest loading.
xr is paddy field and xz is residential area. a; and a? are cocfficient values.

Relationship between population density and pollution loading excluding loading from forest area
was also investigated at both areas of without sewerage and separated sewerage. The area of
combined sewerage system was not contributed in this calculation because this area was not
contaminated from domestic wastewater in fine weather day.

RESULTS AND DISCUSSION

River water characteristics

At first, the river states at the simultaneous survey dates were evaluated with the comparison of two
kinds of time-series investigations. One was our project from 23 September to 12 December 2002
with two days interval, while the other was regular obscrvation conducted by Kyoto local
government during 1994 to 1999. Figure 4 shows flow rates at Na 37 and 38, which are located
just upstream from the juncture of two main streams (Kamo River and Takano River) in the basin.
As seen in Figure 4a), flow rates at both sites were highly fluctuated from 0.4 to 6m’/s, but had
similar variation patterns. Precipitation in the basin caused the peaks in flow rates more than 2 m¥s
only in rainy days or their next days. The flow rates of the simultaneous survey were 1.48 and 1.30



m’/s, respectively for No. 37 and 38. Therefore, it might be concluded that the dates of the
simultaneous surveys could represent fine weather days that have no direct influence of storm
events. Since catchment area is 66.8km” for No. 37 and 75.7 km* for No. 38, the specific flow rate
was estimated to be 700 mm/y for No.37, and 540 mm/y for No.37. These values correspond to one
third of the annual precipitation (about 1700 mm/y) in this region.

8
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Fig. 4 Flow rate at No. 37 and 38 a) during 1994 to 1999
b) during 29 September to 12 November 2002

The flow rate was highly fluctuated daily, but some of Table 4 Comparison of two investigations
water quality indices have relatively small variations. For
example, CV value (coefficient of variation = standard -
deviation / average) at No. 37 in 2002 investigation was Point No37 No38
122 for flow rate, but was 0.335, 0.332 and 0.583, Flowrate 238 216

respectively, for TN, DOC and CODyy, although some pH 1.60 1ot
. qe . . DO 1.04 1.07
indices such as SS and TP had relatively high CV values. CODy 0.69 0.59
Table 4 shows concentration differences between the D-CODy, 0.87 072
simultaneous survey and continuous observation with DOC 0'9 p 0'82
their ratios. Flow rate had ratios more than 2, but most of " 0.85 Lol
water quality indices had ratios ranging of 0.9 to 1.1. S8 0.71 0.43
These results mean the simultaneous survey results can v§S 076 0.80
represent average concentration of the basin. ™ 0.94 1.09
DN 1.14 1.32
Horizontal distribution of river water quality and quantity TP 1.05 - 103
can be seen in Table 2. Observed flow rate was 0.1 nr/s Dp 1.97 1.40
at the upstream sites, but it increased with the juncture of Cl 0.72 0.81
tributaries, resulting in 2.9 m’/s at No.39. The water ]3‘ g‘gg 8'7,2}
quality was quite good at the upstrecam, and had almost Ma : 9
) g 0.89 1.00
the same level as rain water. For example, DN and DP Ca 0.88 0.95

concentratiors in rain were reported to be 0.53 and 0.007 ~ Simultaneous Survey
mg/L, respectively, and those at upstream forest (No. 1, 2, Value = Continuous Observation i 2002
6,7, 9, 10, 20 and 21) were ranging 0.21-0.43, and 0.005-

0.026 mg/L, respectively. However, ionic species such as Cl, Ca and Na had higher concentrations
(2.8-3.3,2.0-10.2, 2.2-4. 8 mg/L) than those in rain water (0.9, 0.1, 0.28mg/L, respectively) due to
contamination of corrosive soil. These concentrations basically increased with the journey to
downstream. The concenfration at No.39, the exit site of the basin were 6.9 mg/lL, 12.0,and 8.5
mg/l. for CI', Ca and Na, respectively, showing 2-4 times increase from upstream forest discharge.
The river quality became worse in passage in the basin, but the quality did not reach to the level of
the cffluents of sewerage treatment plants. The concentration ratio of water quality at No.39 to that
of secondary treated effluent were roughly calculated to be one tenth by using the effluent quality of
7.512, 8.517and 0.6-1.6 mg/L for CODyg,, TN and TP, respectively. The percentage of sewerage
in the river water at site No. 39 were estimated to 0.5-5 % (assumption; residents: 8616 (no sewer




service) - 110,070 (total), daily water discharge: 0.25 m%/ca/d, precipitation: 1700 mm/y), so that
this river water may receive pollutants from others such as non-point sources as well as human

activities.

ANOVA analysis

Figure 5shows contribution percentages of dates, site s and
residuals in the twoway ANOVA. The figure depicted
differences of variation patterns among water indices. The
results showed that SS, pH and DO scarcely received effect
from site variation while most of organic matter, nutrient
and some ionic items such as Mg, Ca and K had strong
effects of site, exceeding 50%. Variation of date had major
effect of date on water temperature, sulfate, SiQ,. These
results suggested that many of water quality concentrations
depend on sites in this basin.

Influence of land utilization to water quality loading

Table 5summarizes relationship between forest area and
loading of each water quality. The regression analysis was
conducted with two lincar equations with and without
intercept. The reliability of regression analysis was shown

as determination coefficient,R°, which has the same meaning
of contribution in ANOVA. Unit loading rate was give with
the slope in the regression equation without intercept. As
shown in the table, IC and Ca had small R’ values, so that
their loading rates were not much reliable. However, the
others had values of more than 0.6, and their unit loading
rates may be useful for estimation of forest loading. The
higher values are seen in Na, Mg, CI, and SiO:. Figure 6 &

example of linear relationship of DOC loading and unit
loading factor can be obtained from slope of relation.

[=,%

DOC loading (kg/d.km2)
w

]

0 5 10
Forest area (km2)

Fig. 6 Relationship of forest area
with DOC loading rate
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water items and
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Table 5 Linear relationship between forest

arez and loading

Water Items Unit * R’

loading $1 2
Na 7.69 0.951 0.982
K 1.45 0.928 0.968
Flow rate 2.43 0.926 0.968
Cl 7.39 0917 0.963
Si0; 14,68 0.901 0.966
TOC 1.24 0.868 0.955
Mg 3.04 0.862 0938
DOC 0.92 0.860 0.942
VSS 1.43 0.847 0.942
DN 0.70 0.736 0.878
TP 40.85 0.711 0.865
CODy, 1.44 0.684 0.892
D-CODyy, 0.79 0.676 0.847
85 2.80 0.637 0.870
DP 38.68 0.634 0.826
™ 0.67 0.617 0.846
IC 10.76 0.543 0.787
Ca 12.14 0.490 0.750

DP), kg/km?d (Others)
$1:R7 for the regression without intercept, $2:

R for that with intercept

- *Unit: 103m*/km%d (Flow rate), g/km%/d (TP,

2 - . A
(R : determination coefficient, = contribuiion)



Table 6 Unit loading rates from land utilization

Water items Unit loading (ke/dfan’)
Paddy field Residential area
DOC - 3.21
DN 2.53 10.51

Then, the effects of paddy field and residential area to pollutant loadings, subtracting pollutant
loading from forest area, were examined by a multiple linear regression. Statistically meaningful
results were obtained in case of DOC and DN loading. These results are shown in Table 6.
Compared with forest area, the unit loading of residential area was 3.5 times for DOC and 15 times
for DN. In case of paddy field, it was 4 time for DN. DN is the index which has high influence from

human activities.

Influence of population density to water quality loading

Table 6 showed unit loading in residential area

was higher than area of forestand paddy field. - 260 o] ®Without

Therefore, population itself may affect to water S y = 0016l D%Z‘;g;gi%
pollutant loading such as discharge of < 8R" = 0069610 sewerage
wastewater to basin. From this idea, the effects 2

of population density were considered by using = 0.0017x

pollutant loading subtracting pollutant loading ; 2 _p 7278

from forest area. As shown in Figure 7 , <& ; 4 =%

population density was good linear relationship o 1 '

with DN loading in both areas of sewerage o 50000 100000

systems. Slope in the regression [ine for
population without sewerage was steeper about
10 times than that population with separated
sewerage. This means the control of discharge
from non-sewer service area is one of the most
effective measures.

Population density (Capita)
Fig. 7 Relationship between DN loading
and population density

CONCLUSIONS

In this research, the objectives are set to extract main influential factors to pollutant loading in fine
weather days and to evaluate their effects quantitatively. For these purposes, simultaneous surveys
of 39 sites were conducted three times during 2000-2002 to understand horizontal distribution of
water quality in the basin. ANOVA was introduced, and some of water quality indices were
identified to be receive significant effects from sites. Positive linear relationship between loading
and its area was obtained in the indices suchas DOC, DN and Mg (R%>0.7). The effects of paddy
field and residential areas were analyzed with a multiple linear regression method, and were
quantitatively evaluated in DOC and DN. Population density also showed important effect to DN
loading, Finally, 0.76 and 3.21 kg/d/km? of DOC and 0.65, 10.51 kg/d/km” of DN were successfully
obtained as pollutant discharge rates from forest area and residential area, respectively, while 2.53
kg/d/km? of DN was availed for paddy field. These values may be applicable for evaluation non-
point source loading pollution from land utilization in the basin.
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ABSTRACT

Water quality survey is a fundamental work for water quality analysis and management in every
lake, and is repeatedly conducted, especially in a large lake. However, it is not easy to analyze
results of one survey project together with those of others, because each project usually has its own
investigation method on sampling sites, depths, frequency and measurement. The objective of this
research is to develop a data management system of water quality that can utilize most of past
survey data in a lake. Then, Lake Biwa was chosen as a target lake, where more than 20 surveys
projects have been conducted and a huge number of water quality data have been accumulaied
during the last century. Coherence of data structures is too poor among these survey projects to
store these data in a single table, causing difficulty in results comparison of different survey
projects. To overcome this problem, attributions of water quality data were analyzed systematically
and a database system was established with the help of relational database application software,
Access 2000 (Microsoft ®), This system can easily access any data and compare results of
different projects in Lake Biwa. Fundamental analysis of these data skillfully drew the figures of
past surveys characteristics in Lake Biwa. This system has high flexibility on the data management
and application, so that further extension of the system can be easily achieved.

KEYWORDS
Database system; lake; monitoring; relational database; surveys; water quality.
INTRODUCTION

Lake Biwa, the largest lake in Japan is located near the Kansai Metropolitan consisting of Osaka,
Kyoto and Kobe, and works as a reservoir for people more than 14 million. The lake water quality
was quite good, and recorded the highest Secchi depth of 16.0 m in 1926 (Yoshimura, 1931).
However, the water quality has been deteriorated in recent years due to population increase and
industrial development around the lake (Nomura et al., 1993). Presently water quality seems to
rank the North Basin as a mesotrophic state and the South Basin as a eutrophic state.

Water quality survey is a fundamental work for water quality analysis and management in every
lake, so that many kinds of survey have been conducted in Lake Biwa to tackle this pollution
problem. As a result, a huge number of water quality data have been accumulated about Lake
Biwa. However, it is not easy to analyze results of one survey project together with those of others,
because each project usually has its own investigation method on sampling places, depths,
frequency and measurement items. The objective of this research is to develop a data management
system of water quality that can utilize most of past/ present surveys in a lake.



DATA ACCUMULATION OF WATER QUALITY IN LAKE BIWA AND THEIR
CHARACTERISTICS

Lake Biwa Surveys

Table 1 summarizes periodic water quality survey projects in Lake Biwa. As shown in the table,
the number of these surveys exceeds 20, and a huge number of data are being accumulated in each
year. Consequently, Lake Biwa becomes one of the lakes that possess the most abundant data in the
world. Water quality of the lake Biwa fluctates vertically, horizontally, seasonally and daily,
keeping regular patterns as well as receiving irregular changes. Therefore, each of survey projects
listed in Table 1 focuses on some limited purposes in its investigation, and has its own procedure on
sampling points, frequency, items for measurement and so on.

Table 1 Summary of Periodic water quality surveys in Lake Biwa

Freq. The Number* of
Organization Period - - - Remarks
) Sites | Points | WQIs
Min. of Const. & Shiga Pref. 1966 ~ 12 50 50 55 horizontal distribution
Shiga Pref. (Prefecture) 1975 ~ 24 4 24 31 vertical profile
Min. (Ministry) of 1973 ~ 12 2 16 33 vertical profile
Const. (Construction) 1976 ~ 57 2 2 29 short-term fluctuation
1974 ~ 12 10 10 28
Kyoto City 1961. ~ 12 1 1 80 detailed analysis
WB (Waterworks Bureau} 1974 ~ 24 1 1 12
: 1963 ~ 1988 12 1 1 25
Yodogawa Water 1973 ~ 2.6 16 32 36 surface:/bottom
Quality Council 1987 ~ 1 12 27 22 multi vertical profiles
1990 ~ 12 6 6 80 detailed analysis
Kyoto City 1974 ~ 1992 12 5 5 10
Moriyama City WB 1989 ~ 410 1 1 30
Morignchi City 1974 ~ 1994 2 3 8 20
Kusatsu City WB 1989 ~ 12 2 2 2
Osaka City WB 1916 ~ 1990 12 1 1 46 oldest chemical data
Fishery Inst., Shiga Pref. 1915 ~ 12 6 17 26 oldest observation
Hanshin Water 1982 ~ 12 3 9 38
Supply Authority 1966 ~ 6. 10 9 10
. 1976 ~ 19811224 22 22 12 South Basin
Water Quahgn(il‘?crgri(; Lab., Kyoto 1985 ~ 1986 ) 7 m 23
1995 ~ 2000 4 19 75 42 3-D distribution
v Research Center, Kvoto Uni || 1965 ~ 12 4 20 5 vertical profile
Data are imported into the Database. * Numbers in the latest surveys WQIs: water quality indices

Sampling Sites

Each project in Table 1 has one to 50 sampling sites, and sum of the site numbers for 23 projects
reaches almost 200. Although some sites are used in plural projects, 89 places shown in Figure 1
are identified as different sampling sites in these surveys. The South Basin that only occupies 9 %
in the whole surface area has dense sampling sites of 35, because water quality is highly changed in
the South Basin, and most of water usage depends on the basin.

Sampling Depths

Eight projects in Table 1 focus on the vertical profile, and collect water samples from plural (2 to
more than 10) depths in sampling sites. These projects have poor coherence of sampling depths to
each others, so that about 40 different depths were found in these projects up to now. One of the



important things for sampling depths is that the
depths are determined with vertical distances,
not only from the lake water surface, but also
from the lake bottom. In addition, some projects
just described the sampling points with names of
layers (upper, middle and lower). Details will be
discussed later with the database data.

Frequency

Table 1 also shows survey frequency in each
project. The highest frequency is seen in project
No.4, which collects two samples in both basins
every week. No. 22 is one of the most
comprehensive projects, collecting 75 water
samples to obtain three-dimensional distribution,
but have only four surveys in a year. Most of the
others are conducted monthly.

Water Quality Ttems

Each project measures its own water quality
items, but there are some common items
measured in most of surveys. As a whole, more
than one hundred items are measured in Lake

136415

Figure 1 Lake Biwa and its sampling

Biwa, but some of items have only a few data compared with the whole number of water samples
collected in all of the projects. Details will be again discussed later.

METHODOLOGY FOR DATABASE CONSTRUCTION

Relational Database Table 2 Tables composing the Lake Biwa Database System

A h in th . Types | No. Name of Number of Key code Link
S SIoWn m e previous table fields | records o

3?;;‘0“’ . each t.pr‘?.e"t hﬁs 8 I Basic | 1 ThD ata 3 | 673,623 ] -

0; er:arlln llnizes li;ésn Sdce etr;llse Sub- | 2 TbSampk 7 | 49.837] CdSample 1

frecluencjlfJ agnd mc,asurerlilen; main | 3 | ToWQhdex } 10 267 CdWQlndex | 1

: " adic bS ite

items. In addition, only a few E’ 4 T 7 89 CdPlace 2

projects keep their survey | S |——jo—ooobth 3 45| CdDepth | 2

methods continuously, and -g 6 | TbO rganzation 3 15| CdOrganization| 2

. ? bE

most of projects had different | 7 Tbfom 4 9| CdForm 3

methods in the past. As the | & {— TbAM anual 5 9 CdAManual | 3

results, it is quite difficult to | = o | 1oEbment 5 30| CdBlement | 3

10 Thuni 5 35| CdUnit 3

summarize all of water quality
data in a single table even if

* inchades codes for plankton species

For as 0f2003.07.30

only one project is dealt with. Supposing we put all of the water quality data in a matrix table
consisting of samples (rows) and water quality indices (columns), the table may have many vacant
cells and the extraction of necessary information is not easy even if a Macro procedure is used.



A relational database application software, Access 2000 (Microsoft ®) was introduced to overcome
this difficulty. In this database, all pieces of the information related to water quality data are stored
in several tables, and these are linked to each other with several key codes. This application
software also provides many kinds of support tools that facﬂltate utilization (various analyses) of
the database data.

Design of the Database Structure

A database system was designed to systematically store all of the water quality data and their
attribution information in suitable places (files). This databasc system consists of one main table,
two sub-main tables and seven minor explanatory tables. These tables are listed in Table 2, and
their relationships are shown in Figure 2.

3 CdForm
{Form

—\2 ; | Data : EiE { Japaneseff=i

{0reanization

| JapanesetBiiE

Latitude()
JLongitudet)
; Remarks1

_ { Japanesestla %
ear
Pubilishers

Japanese &
Unit
§Remarks

Figure 2 Relationships among data tables in Lake Biwa Database

The main table, named TbData, is placed in the center of this database system, and is used as the
basic container where water quality conditions such as concentrations are stored. This table has
only three fields (columns) for measured values, samples and WQIs (water quality indices). Each
record, which corresponds to the row, only stores a single datum that is identified with its sample
code (CdSample) and its WQI (water quality index) code (CaWQlIndex).

CdSample is used to distinguish each sample from the others, being defined in one of sub-main
tables, named TbSample, while CdWQIndex is to classify each water quality index used for
measurement, being explained in the other sub-main table, ToWQIndex. Figure 3 gives the
contents of TbData and its relationships to two sub-main tables.

Contents of Tables

TbSample is a table consisting of seven fields (= columns) and a tremendous number of records

(=rows). One of seven fields is used for a key code of TbSample, and the code numbers of
CdSample are stored. The other fields are used for sample attributions such as organization code,
site code, sampling depth code, date, time and site-depth of each sample. Since information on
organization, site and sampling depth is given with their code numbers, this table is also linked to
three minor explanatory tables (IbOrganization, TbSite and TbDepth) through key codes. Each of
the records in this table corresponds to each water sample.



TbWQIndex contains 10 fields.

These are one key item, four CdSample |CdOrgd CdSire | CdDepd Date

attributions  given in code ﬁ‘;j’”pj“ |CdWOIndex DatsCD |_Airze0101 | a2 [13900] 111974711420
numbers (CdForm, CdManual, 1?243131 _fj S'SU 17240102 | 42 |13900] 1 | 1974/12/04
CdUnit and CdElement) and 17280101 32\ ﬁ% 17240103 | 42 |13900] 1 |1974n2:8
other explanations. CdForm is |17240101 || 3 980,/ 17250101 | 42 J1zeoo[ 1 | 197501407
a code that indicates which 17240101 [ > &54 \NOg0 17250102 | 42 |13900( 1 |1975:0121

; 17240101 101 Y\ Xo0
portion of sample (total, [T70101]] 101 1

20
soluble, particle and so on) is [17240001 Y 414 /] \%00Q

ThSample (Sub-main)

A

measured.  Its definition is i:;g:gigi i 2/ x ﬁ‘;g\‘ | B g
given in TbFOITn. Ihe preset 17240102 }B?g : m . E §
standard unit for this database J 0]Others Zoit [0 | o
system {(mg/L, pg/L, %, etc) is ié ;r"*alfirgptﬁl §$§ lé g
recorded with CdUnit, while the I o T o
base material for the calculation . 22[air Termperatore [Sim |11 3
% Rt ThData (Basic) L - SIpeR: :
of the unit (mg efc.) is given gi gﬁgﬂﬂw gg i; 0
with CdElement. TbElement is 5 C]Wl%mtm = . g
a table that gives the definition THWQ Index 26[Ware Sirnglh |68 2 T%
of CdElement, and records (Sub-main) 31 | Water Temperaty7Kia 0 3
elements such as C, N, P 32 pH(meter) s OpH] 3
2 3 2
CaCQOj; and Clp, which make the
hase values for units. Figure3 Contents of TbDatand its relationships to sub-main tables
Data Input to the Database

Since the tables except TbSample and TbData have limited numbers of records basically, they can
be completed manually during construction of this database system, although minor modifications
are usually required. On the other hand, TbSample and ThData have a huge number of records, and
will increase their records as long as some survey projects continue. Therefore, the procedure for
survey data input is a key point in this system.

In the first step of the data input procedure, data for a certain project (e.g. project X) are stored in an
Excel spreadsheet, consisting of WQI columns and sample rows, and the data are transferred to a
table (the same style as that in Excel) in an Access file by using the Import function in Access.
This table is prepared specially for the project (project X). Information on samples in this table is
given as additional records in TbSample by means of an Addition Query, which is a function that
Access provides. Duplicated data on samples are deleted with a Deletion Query. Contents of the
Table (concentrations, efc.) are transferred to TbData with an Addition Query. Vacant data in
TbData, which come from blank cells in the Excel file, are eliminated with a Deletion Query. This
kind of procedures is repeatedly conducted for each project data.

Utilization of the Database

The primary goal of this database is efficient utilization and application of the existing data. As
discussed in the previous section, this database system adopts a relational database software that is
designed to store and arrange data so that the data are consistent and supporting quality assurance/
quality control data. The results of these analyses can be visually and instantly presented. The whole
system may provide many kinds of water quality analyses such as {1} quick research on water quality
conditions in any date, time, place and depth through 23 projects, (2) comparison of two different
surveys, and its statistical analysis, (3) Graphical expression of water quality variation profiles for any
given index, and (4) succession of horizontal distribution during the last two decades.



RESULTS AND DISCUSSIONS

Data Import to the Database

Tabk 3 Sampling Depths in Lake Biwa surveys

Up to now, 15 projects

out of 23 are being | Distance (m) North Basin South Bagsin | Seta River
included in this database 0,0.5,1.0,2.0,2.5,5,7.5,8.0,10,12, | 0,0.5,1,2,

system. The number of | from surface* | 13, 14, 15,17, 17.5, 18, 19, 20, 22, 25, | 2.5,3.0,3.5, 0.5
samples imported has 30, 35, 40, 45, 50, 55, 60, 63, 70, 75, 80(4.0, 8.0, 10, 12

reached  almost  fifty |"gom porrom™ 05,1,15,25,3,5 05,1 :
thousand, and that of their

measured values has | potquantitative Upper, Middle, Lower Middle, Lower -
exceeded six hundred _

thousand, as shown in Table 2. The South Basin; Seta R.

import work of Lake Biwa data is
still ongoing, and will require some
time for its completion. However,
the database is estimated to involve
more than half of the Lake Biwa
data available, so that the data in
this system can draw the figures of
characteristics in past Lake Biwa
surveys, and can show its water
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The database covers 78 sampling
sites out of the 89 different sites
that the pre-investigation on Lake Biwa
survey projects identified. 60 % of these
samples were collected just from surface
water only, while the residuals were from
deeper depths. Table 3 shows all of the
depths where samples of the database were
collected. | The North Basin has 37 vertically

different sampling points while the South
Basin has 13 points, and Seta River has only
surface. The maximum number of sampling
depths for one site in one survey is 18 for the
" North Basin, which is being conducted in its
center. In case of the South Basin, the
maximum is five. The database has obtained
data from a various kinds of depths, but this is
mainly due to the lack of coherence in survey
methods.

Figure 4 shows distributions of sampling
depths and their samples. As a whole, this
database contains 352 sampling points, and

Figure 4 A variety of sampling depths and their data
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Figure 5 Yearly change of the datebase

many deep sampling points are seen in the North Basin. However, the number of water samples is



rather concentrated in the surfaces points, and the surface samples occupy 25 and 35 % of the whole
data, respectively for the North and South Basins. The average of sampling times stored in the
database reached 180 and 360 times/point in surface, respectively for the North and the South.

Data Accumulation in the past surveys

Figure 5 shows yearly change of sample numbers and WQI data numbers. The present database has
water quality data from 1961 to 2000. Both numbers of samples and their WQI data increased
progressively from 1970, and reached to the similar levels of present surveys after 1975. The
database has stored more than 1,000 samples and more than 20,000 WQI data for every year during
1975-1999. This figure classifies the Lake Biwa data info three areas of the North Basin, the South
Basin and Seta River. Although the data accumulation patterns are a little different in three areas,
similar percentages are seen after 1975 in both numbers. As a whole, percentages of the North,
South and Seta are 60.0, 36.4, 2.6 %, respectively for the sample numbers, and 54.5, 42.0, 3.5 %,
respectively for the WQI values.

Water Quality Indices

The database includes 90 e

WQIs, although the pre-
investigation on Lake
Biwa survey projects _
suggested 160 WQIs e
(+104 plankton species) .
have been measured. 5 -
Figure 6 shows some of T AR . EEEEHE N e b
important WQls and their T Turbidieg 4=0. or N3
observation percentages in <Bottom water> T KMnO¥ TOC F8 <Surface water>
water samples. Since the | | | T 1cd & , , ;
focused water quality .

scems to be different in 100 80 60 40 20 o Frorortion®d 9 20 40 60 80 100
depths, the percentages Figure 6 Percentage of measurement for main WQIs
;)‘Iftlt.eorflh:nvglsgﬁir;m\lﬁ);aft‘z: (*IWater Temperature, K MnO: consumption, 3’Inorganic. Carbon)
temperature is the most fundamental items for field survey, and it was measured in more than 99 %
of samples. DO and pH are also important information on environmental conditions and their
measurement exceeded 90%. Ionic forms of nitrogen (NH;-N, NO;-N)} samples are also common
items both for surface and bottom, while total indices of nutrients (TN and TP) are rather
emphasized in surface samples. As a whole, surface samples seem to have more WQIs measured,
but PO*-P, Mn, Fe and IC are investigated more often in bottom samples.

Many projects have many WQIs for measuring items, Table 4 Detection of toxic substances
but some of their concentrations are too low 1o be

quantitatively detected. In such case, the reports of ND probability Materials
projects record their concentrations as zero, ND (not 95% < P<100% Phenol, CN

detected) or other expressions (e.g. “<0.003” for PO
-P). These expressions are often seen in case of WQIs
related to toxic materials. Table 4 lists typical indices
related to human health, and show most of them are
negligible. In case of phenol and cyanic ion, their measurements exceed 400 and 1800 times
respectively, but their concentrations have never reached to their detection levels up to now.

90% = P<95% He, Cr°"
80%=P<90% | Se,Cr, CdAL Pb, As




CONCLUSIONS

This study aims to develop a data management system of water quality that can utilize most of past survey
data, choosing Lake Biwa as a target Jake, As the first step, information on 23 present/past survey projects
was collected, and their data characteristics were investigated in terms of sampling sites, depths, frequency
and measurement items. These projects have various kinds of objectives, and cover 89 sites, 45 depths,
352 points and 160 items for sampling and measurement as a whole. Instead, coherence of data structures
1s quite poor among these survey projects to store these data in a single table.

* To solve this problem, attributions of water quality data were analyzed systematically and a database
system was established with the help of relational database application software, Access 2000 (Microsoft
®). This database consists of one main table, two sub-main tables and seven minor explanatory tables. The
main table contained all data values in its records, each of which has only one datum on measurement
values with two explanatory codes on sample and WQI. One of two sub-main Tables, a summary table
for water sample information, gives the attributions of each sample such as its sampling date, time, site,
depth and project, and is related to minor Tables on these sample attributions. The other sub-main Table is
for water quality indices, followed by minor Tables on units, elements, manuals and forms.

Since a huge amount of data have been accumulated in Lake Biwa, the database system have not covered
all of the data, but included about 670,000 WQI data for 50,000 samples from 15 survey projects, which
are estimated to be more than half of available data. Fundamental analysis of these data skillfully drew
the figures of past surveys characteristics in Lake Biwa.

The lake data management system is still under progress, and more convenient and useful functions will
be added in the future with the help of various functions supported Access.
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