o0

log Kfenny =~1.04 log(salinity) + 30.12 (10)

Here, 2 value for salinity of 2.9 was used (equivalent to
50mM NaCl which was added to the sample, see above).
Salinity derived from the original sample was negligible
against the salinjty derived from added NaCl because the
salinity of the original sample was 0.16 practical salinity
units {psu) and in addition to that, the sample was diluted
ten times. Equation 10 was obtained for seawater at pH 69
but can be applied to cases at pH 8.1, such as in our experi-
ment, because the conditional stability constant of Fe(NN),
for seawater at pH 8.1 is the samte as for seawater at pH 6.9
{van den Berg 1995).

The free metal ion concentration [Fe™] originally
present in the sample was calculated from the following
equation (Boye et al. 2001):

[FeaJ,]za;,ngL + [Fe**|(o, + Keew G — Kbr Cre)

(11)

- CFe =} ’
The concentration of inorganic iron [Fe'] originally present
in the sample was calculated from [Fe'}] = af[Fe’],
and pFe’ is defined as —log[Fe’]. The fraction of irom
occurring as organic species was calculated as {(Cy, — [Fe'lY/
Cr} X 100.

Results and discussion
Method development

A standard addition voltammetric scan showed that the iron
peak appeared at —0.5V and that the peak heights in-
creased linearly with increasing iron concentration until at
least 40nM (Fig. 1}. The increase in the peak height became
‘nonlinear and flattened out at iron concentrations higher
than 40nM because of saturation of the mercury drop elec-
trode. Therefore, most of the freshwater samples needed to
be diluted prior to analysis.

We used the differential puise stripping mode for vol-
tammetric scans and 50mM of NaCl as electrolyte. Square-
wave voltammetry is often used for trace metal analysis in
seawater but is prone to contamination because this scan
mode requires high concentrations of electrolyte. For this
reason, square-wave voltammetry is suitable for seawater
samples but not for freshwater samples.

We determined the optimum conditions of sample pre-
treatment for analysis of total dissolved iron. We examined
the efficiency of our irradiation system for the UV digestion
of typical lake water acidified to pH 2.5 with HCL. Figure 2
shows the effect of UV irradiation time on dissolved organic
carbon (DOC) and absorbance at 260nm of water from
Lake Kasumigaura. The DOC decreased more slowly than
the absorbance with irradiation time, and the organic com-
pounds were completely digested within 60min [Yokoi et
al. (1999) reported that, with our irradiation system, all
tested compounds having complexing ability or surface ac-
tivity were 80% decomposed within 25min]. An irradiation
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time of 60min was used for all analyses. Samples were
acidified to pH 2.5 with HCI before UV irradiation to pre-
vent iron precipitation. HCl rather than HNO, was used for
acidification because, during UV irradiation, nitrate ions
are reduced to nitrite ions, which greatly interfere with
the voltammetric scan. When samples were acidified to
pH <2.5, more time was needed for complete UV digestion
because chloride ions derived from HCl decreased the di-
gestion efficiency significantly (data not shown). Therefore
we concluded that the optimum pH for UV digestion was
2.5, which minimizes the risk of precipitation and sample
evaporation.

In the speciation experiment, the problem of measure-
ment instability caused by interfering organic compounds
was overcome by using a high NN concentration (50uM),
dilution of the samples, and a well-conditioned voltamme-
tric cell. Although seawater has been successfully analyzed
by using NN concentrations of 2-13.6uM, our attempts to
analyze lake water using such NN concentrations were not
successful. Surface active materials reduce the available sur-
face area of the electrode and therefore reduce the linear
range of the CSV response for iron. However, the linear
range was extended by using a high NN concentration. Wu

and Luther (1995} also reported a nonlinear signal response

for iron concentrations greater than 4nM when using NN at
concentrations less than 6.8uM. Dilution of the samples
prevents saturation of the iron peak and reduces the con-
centration of dissolved organi¢ matter. Conditioning the
voltammetric cell improves the stability of the iron peak
(van den Berg 1995; Wu and Luther 1995),

Total dissolved iron

We estimated the detection limit of our voltammetric
" method from experiments using blank solutions. MQ was
filtered through a 0.2-um Nuclepore filter and then stored
in a high-density polyethylene bottle after acidification to
pH 2.5. The iron concentration was determined five times
after UV irradiation. A detection limit of 1.8nM was found
(3 X the standard deviation of the measurement).

We verified the accuracy of our method by analyzing two
standard river waters for which the iron conceniration
was certified (123.5 = 9.0nM for JAC 0031 and 10206 =
35.8nM for JAC 0032; standard samples obtained from The
Japan Society for Analytical Chemistry). The iron concen-
tration range between the two standards is in the normal
range for freshwater, but the standards are not appropriate
for our CSV method because they are acidified to pH <1.2
with nitric acid. To reduce the effect of nitrite ion produced
from nitrate ions, we diluted the standards with MQ 20
times (for JAC 0031) and 50 times (for JAC 0032). The
analytical parameters were the same as those for lake water
samples, except that potassium bromate was added (final
concentration 20mM) to the JAC 0031 standard to increase
sensitivity. The iron concentrations determined for JAC
0031 and JAC 0032 were 118 + 5nM (n = 4) and 1037 *
S6nM (n = 5), respectively. These values are not signifi-
cantly different from the certified values (verified by ¢ test,
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a = 0.05). These results show the validity of our method for
determining the total dissolved iron in freshwater.

The iron concentration in the water samples from Lake
Kasumigaura was determined to be 47.8 + 440M (n = 3).
This Jevel of iron is difficult to determine accurately by
either graphite furnace atomic absorption spectrometry or
inductively coupled plasma (ICP) emission spectrometry
without preconcentration. We tried to determine the total
dissolved iron concentration in the samples from Lake

Kasumigaura by these spectrometric methods, but the iron

concentration was too low. We also tried to determine the
iron concentration by ICP mass spectrometry, but iron could
not be detected because of interference from other ele-
ments. Therefore, our C8V method should be quite useful
for the determination of total dissolved iron in lake water.

Iron speciation

Iron titrations were carried out for a filtrate sample and a
UV-digested sample (UV irradiated for 60min at natural
pH). For the filtrate sample, the CSV peak height was sup-
pressed at low iron concentrations, indicating the presence
of excess iron complexing ligands (Fig. 3A). A linear rela-
tionship between the peak height and the iron concentra-
tion was obtained for the UV-digested sample, indicating
that the complexing ligands had been successfully destroyed
by UV irradiation and that they were organic in nature.
Moreover, the slopes of the two titration curves at high iron
concentrations were identical, indicating that all natural
ligands were saturated with the added iron at high iron
concentrations and that the titration range we used was
appropriate. The effect of surface-active materials ap-
peared to be small.

The ligand concentration and conditional stability con-
stants for the lake water samples were determined from
linear plots of [Fe labile]/[FeL] versus {Fe labile] (Fig. 3B).
The ligand concentration was 80.0 + 19.6nM and the condi-
tional stability constant was 10°****M™ (n = 3). A pFe’
value of 13.4 was calcvlated, and the fraction of iron occut-
ring as organic species was greater than 99.9%. These re-
sults indicate that virmally all dissolved iron in Lake
Kasumigaura exists as organic complexes due to the very
high conditional stability constants of the organic ligands in
the lake water. -

It should be noted that the pFe’ value (13.4) is only valid
at pH 8.1. The pH of seawater is nearly constant at 8,
whereas the pH in Lake Kasumigaura varies between 7 and
10 (Center for Global Environmental Research 2001). af,
and K%, are functions of pH, and thus pFe’ values should
be greatly affected by pH. We did not evaluate changes in
the K&, value as a function of pH. Moreover, we did not
determine the redox speciation of iron in this study. We
calculated the iron speciation on the assumption that all
iron in the sample exists as iron(III), because iron(Il) is
mmediately oxidized to iron(Ill) in oxic water. However,
there are a few studies reporting the existence of iron(II) in
lake water despite the presence of oxygen (Aldrich et al.
2001; Sivan et al. 1998). This may be a result of photochemi-



Peak current (nA)

| : 1
0 10 20 30

Fe concentration (niv)

50 -

[Fe labile] / [FeL]

L
0 10 20 30

[Fe labile] (nivi)

Fig. 3. Iron titrations of filtrate sample (O) and UV-digested sample
(@) from Lake Kasumigaura: A, titration curves; B, linear plots. The
UV digestion was performed without adjustment of pH to compare
the two titration curves. As a result, iron was precipitated and lost in
the UV-digested sample

cal reduction and biological activity (Emmenegger et al.
2001; Shaked et al. 2002). There is some possibility of
changing the bioavailability of iron as a result of the produc-
- tion of iron(1}). In this study, if iron(Il) exists, the total iron
concentration could contain both iron(1il) and iron(11) spe-
cigs. In the iron speciation experiments, any iron(II) species
in the samples could be oxidized to iron(I1lY) during the
equilibration period (van den Berg 1995).

In our analytical technigue, it is important that appropri-
ate ligand competition between natural ligands and NN
occur: no iron is detected if the complexes with the natural
ligands are much more stable than the complex with NN,
whereas no complexation is detected if the complexes with
natural ligands are much less stable (van den Berg 1995; Wu
and Luther 1995). The degree of ligand competition could be
estimated by comparing the a-coefficient values @t and
gy (calculated from K [NN]’ and K4, Cy, respectively).
The values were 10" and 107 (in the sample diluted ten
times), respectively, indicating that the natural complexes
were more, stable than the complex with NN under the
conditions of this study. Gledhill and van den Berg (1994)
mentioned that the detection window is one order of magni-

tude either side of ajyy (1077-10"7 under our conditions)
and that high values of ap, that are outside the detection

.window result in a great error in the determination of

log K., (+2). The af,; value we obtained (10'"*) was slightly
outside the detection window, indicating that a higher NN
concentration should have been used from the viewpoint of
the detection window, Nevertheless, we used an NN concen-
tration of 50uM in our study because we did not obtain a
great error in the value of log K5,y (£0.4), and using a higher
concentration of NN carries a risk of iron contamination.

According to van den Berg and Donat (1992), several
complexing ligands or sites can be detected by several detec-
tion windows, Using modeled CSV responses of a hypotheti-
cal seawater containing four iron complexing ligands, van
den Berg (1995) suggested that a single titration experiment
is insufficient to resolve the presence of several complexing
ligands. In contrast, Rue and Bruland (1995) suggested that
two ligands could be resolved from a single set of titration
data by using the Scatchard transformation method to ob-
tain C; and Ki. The Scatchard transformation method
involves plotting the ratio [FeL)/[Fe labile] against [FeL].
For a single class of iron complexing ligands, the y-axis
intercept of the resulting linear plot equals Kt C; and the x-
axis intercept equals C,. If two classes of iron complexing
ligands (a strong ligand and a weak ligand) exist, the linear-
ized plots should yield a nonlinear curve. For such a case,
Rue and Bruland (1995) suggested that two linear regions
should be easy to separate using the Scatchard transforma-
tion rather than the Langmuir transformation. Langmuir
and Scatchard plots of our titration data are compared in
Fig. 4. Only one linear region was evident in the both plots.
The total C; and Kj, (single class of ligand) values were-
calculated from the linear plots. The Langmuir transforma-
tion gave a Cy value of 80.0 * 19.6nM and a K, vatue of
1079=% M~ whereas the Scatchard transformation gave a
C, value of 84.9 = 18.9nM and a K&, value of 1075 M ™",
Although the values of €, and KL, obtained from the
Langmuir and Scatchard plots were not significantly differ-
ent, the correlation coefficient for the Scatchard plot (aver-
age value 0.921) was lower than that for the Langmuir plot
(average value 0.997). Therefore, we believe that the
Langmuir transformation is more appropriate for the deter-
mination of total ligand concentration.

Field study

It is surprising that the value of the conditional stability
constant for iron lgands (KL} in water from Lake
Kasumigaura determined in this study was greater than any
reported K'r, value for seawater (Table 1). These very
strong ligands could be detected because a high NN concen-
tration {equivalent to a high detection window) was used.
Rue and Bruland (1997) and Boye et al. (2001) suggested
that strong iron ligands (log K = 22-23M™) in seawater
might be siderophores. Imai et al. (1999) calculated a condi-
tional stability constant of greater than 10"°M™' for Fe*
complexed with fulvic acid isolated from Lake
Kasumigaura. It can therefore be hypothesized that the iron
ligands in Lake Kasumigaura are fulvic acid. Imai et al.
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Table 1. Conditional stability constants (K, ) of iron ligands and inorganic iron levels as deter-

mined by cathodic stripping voltammetry

Area JogKra(M™) pFe” Reference

Lake Kasumigaura 259 134 This study .

North Atlantic 18.8-19.7 10.6-12.0 Gledhill and van den Berg (1994)
Western Mediterranean 19.4-22.5 11.3~12.1 van den Berg (1995)

Northern North Sea 207-17 93135 Giledhill et al. (1998)

Southern Ocean 21.0-230 11.5-13.2 Boye et al. (2001)

North Pacific 23.1 13.1-14 Rue and Bruland (1995)
Equatoriat Pacific 27 14 Rue and Brutand (1997)

*pFe’ = —lopfFe'], where [Fe'] is the concentration of inorganic iron
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Fig. 4. Comparison of Langmuir transformation {A) and Scatchard
transformation (B} when calculating ligand concentrations and condi-
tional stability constants

(1999) also reported that the average concentration of fulvic
acid in Lake Kasumigaura was 2.5uM, which is about 30
times higher than the ligand concenfration we measured
(80nM). However, fulvic acid is a nonspecific ligand, and
thus if the iron ligand we detected is fulvic acid, the ligand
concentration conld be underestimated because of competi-
tive interference from other trace metals or major divalent
cations {Ca™™ and Mg™).

Whereas the stability constants of bivalent metal (such as
copper) cation—fulvic acid complexes are well studied {e.g.,
Mantoura et al. 1978), there are only a few studies on stabil-

ity constants of iron—fulvic acids complexes. Lapgford and.
Khan (1975) reported ‘that conditional stability constants
of iron—fulvic acid complexes were 10°°-10** at pH 1.0-
2.5. Pandeya also determined stability constants of iron—
fulvic acid complexes using ligand exchange (Pandeya
1993), spectrocolorimetry (Pandeya and Singh 1997), and
potentiometry (Pandeya and Singh 2000) and the values
found were 107°-10'3, 10°°-10%, apd 10°°-107°, respec-
tively. However, they used fulvic acids extracted from sofl,
sludge, and manure. There are significant differences in
physicochemical characteristics among fulvic acids of differ-
ent origin. Therefore, these results cannot be simply com-
pared with our result. Investigation of the interaction of
iron with extracted fulvic acids using our CSV method is a
stibject for further study.

Comparison of the pFe’ values (representative of inor-
ganic iron) in Table 1 reveals that the pFe’ value for Lake
Kasumigaura water is similar to that found in the open
ocean. Because the concentration of total dissclved iron
in the open ocean is subnanomolar, the concentration in
Lake Kasumigaura is 10-100 times higher. However, the
bioavailability of iron in Lake Kasumigaura is very low, and.
thus the iron competition between phytoplankton that
takes place in the open ocean may have occurred in the
lake. Imai et al. (1999) reported the effect of iron limitation
on the growth of M. aeruginosa in defined growth media.
According to that study, M. geruginosa could grow at a pFe’
of higher than 12.9 but not at a pFe’ of 13.9. Therefore, the
pFe’ value we obtained (13.4) was borderline forthe growth
of M. aeruginosa. Consequently, our result supports the
hypothesis that the shift of the dominant species of phy-
toplankton in Lake Kaswmigaura from Microcystis to
Oscillatoria was caused by iron limitation,

Lonclusion

We have presented a methodology for determining dis-
solved iron, its organic complexation, and its bicavailability
in freshwater. We applied this method to lake water con-
taining a large amount of interfering organic compounds
and successfully determined the concentration of total dis-
solved iron and iron(Ill)-organic ligand complexation. We
found that the level of inorganic iron in Lake Kasumigaura
was similar to that in the open ocean. It is therefore possible
that iron is a dominant selective factor in algal species suc-
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cession and diversity in Lake Kasumigaura. We are cur-
rently using the methodology develeped in this preliminary
study to analyze additional freshwater samples and are in-
vestigating the following: (1) temporal and spatial changes
of iron speciation in Lake Kasumigaura; (2) the effect of
iron speciation on cyanobactérial blooms in a eutrophic
lake; and (3) characterization of the iron ligand (i.e., fulvic
acid or nof). :
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CHARACTERIZATION OF DISSOLVED ORGANIC MATTER IN SHALLOW
EUTROPHIC LAKE KASUMIGAURA
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SUMMARY — Dissolved organic matter (DOM) in water samples from the shallow eutrophic Lake
Kasumigaura, the second largest lake in Japan, and its inflowing rivers was fractionated and characterized
by using resin adsorbents into 5 classes: aquatic humic substances (AHS), hydrophobic neutrals (HoN),
hydrophilic acids (HiA), bases (BaS) and hydrophilic neutrals (FHiN). DOM-fraction distribution patterns
were significantly different depending on the origin of the sample. AHS and HiA were found to be the
dominant fractions in DOM in all samples studied. HiA prevailed over AHS in the lake watet, whereas
AHS were slightly more abundant than FliA in the river waters. AHS were in the great majority in forest
streams and plowed-field percolates. HiA abounded in paddy-field outflow, domestic sewage, and
sewage-treatment-plant effluent. Only domestic sewage contained a significant amount of HoN.
Furthermore, the trihalomethane formation potential (THMFP) and molecular size disiribution of the
lake-water DOM, AHS and hydrophilic fractions (HiF = HiA + Ba$ + HiN) were examined. The THMFP
of HiF, normalized on a DOC basis, was found to be comparable to that of AHS (0.176 vs. 0.195 pmol
THM mg-C"}, respectively). Molecular size distributions all exhibited a narrow size range and relatively
low molecular weights. The weight-averaged molecular weights of DOM, AHS and HiF were 780, 957

and 606 gemol ', respectively.

. 1. INTRODUCTION

A steady increase in dissolved organic matter
(DOM) has been observed in several lakes in
Japan, even though extensive measures have been
implemented to reduce organic pollutant loadings
from their catchment areas. For instance, in Lake
. Biwa, the largest lake in Japan, the chemical
oxygen demand (COD), an index for total erganic
matter, has been gradually increasing in the
surface water since 1984. On the other hand, the
biochemical oxygen demand (BOD), a parameter
for easily biodegradable organic matter, bhas
remained  virtually  constant.  Since  the
concentration of chlorophyll-e does not exhibit
any pattern of increase, phytoplankton activity is
unlikely to relate directly to the COD increase.
The dissolved fraction accounted for most of the
COD, Tt is likely that some recalcitrant DOM has
been accumulating in the water of Lake Biwa.
This phenomenon is apparently new and has not
been given any previous consideration.

The accumulation of recalcitrant DOM in lake
water certainly influences the way n which lake
environmental protection should be managed,
because DOM is regarded as a source of organic
pollution and, further, as an energy source for
microbe-based aquatic food webs, as a factor in
the cycling of trace elements, and as an influence
on the biological activity of phytoplankton and
bacteria. The increase in DOM also presenis a
serious chailenge for drinking-water management
because recalcitrant DOM can be a major
precursor  to  carcinogenic  trihalomethanes
produced during chlorination in water treatment
plants. Therefore, evaluation of the characteristics

of DOM in lake water is urgently needed.

Nevertheless, DOM in natural waters is 2
heterogeneous mixfure of organic compounds,’
and 1its physico-chemical characteristics are not
cleacly understood. In such a sitwation, the rational
first step toward that understanding should be the
evaluation of the characteristics of DOM in waters.
An appropriate approach to this end is to separate
DOM into well-defined macro-fractions and to
examine their distribution and physico-chemical
characteristics.

Aquatic humic substances (AHS), which are
typical naturaily occurring recalcitrant DOM,
constitute 30% to 80% of DOM as dissolved
organic carbon (DOC), and they constitute the
largest fraction of natural organic matter in waters
(Thurman, 1985). They are siraw-colored, polat,
hydrophobic organic acids derived from soil
humus, terrestrial and aquatic plants, and plankton.
For our purpose of evaluating the characteristics
of DOM in waters, DOM fractionation methods
based on the separation of AHS, namely,
hydrophobic - hiydrophitic and acidic-basic breaks,
appear reagsonable.

In this study, modifying the DOM fractionation
method developed by Leenheer (1981) and Imat et
al. (1998), we fractionated DOM using three kinds
of resin adsorbents to five clagses: hydrophobic
acids (equivalent to AHS), hydrophobic neutrals,
hydrophilic acids, hydrophilic neutrals, and bases
(hydrophobic + hydrophilic bases). The objectives
of this study were to (1) apply the DOM
fractionation method to the waters of shallow
eutrophic Lake Kasumigaura and its inflowing



rivers as well as to several DOM sources in its
watershed, such as sewage-treatment-plant
effluent, and so on, and to evaluate their
DOM-fraction distributions, and (2} to determine
the comparative significance of AHS and
hydrophilic fractions of the lake-water DOM as
trihalomethane precursors by measuring their
trihalomethane formation potential (THMFP) and
then to examine the relationships between their
THMFP and physice-chemical characteristics.

2, MEHODS AND MATERIALS -
2.1 Collection of water samples

Lake Kasumigaura, the second largest lake in
Japan, is located in the eastern part of the Kanto
Plain, 50 km northeast of Tokyo. The lake has two
large bays, Takahamairi and Tsuchiurairi (Fig. 1).

More than 900,000 people live in the lake’s
watershed (1,577 km?). Land use in the watershed
is 30% forest, 25% paddy field, 25% plowed field,
10% residential, and 10% other, The lake basin is
smooth and shallow, with a surface area of 17}

km?, 2 mean depth of 4.0 m, and a maximum
depth of 7.3 m. Because of its extremely high
loads of organic matter and nutrients, this lake is
well known for eutrophication,

The Koise and Sakura rivers are the main rivers
influent to Takahamairi and Tsuchivrair,
respectively. Water flows through the lake largely
from the northwest parts of Takahamairi and
Tsuchivraiti southeast to the Hitachitone River.
The average time needed for water to flow
through the two bays to the center of lake may be
around three months. In addition, Lake
Kasumigaura is so shallow that vertical
stratification is easily destroyed by a moderately
strong wind. '

Water samples were collected in a i-liter glass
bottle with a 2-m column sampler from the center
of the lake monthly from May 1994 to February
1996. Samples for the determination of
trihalomethane formation potential and molecular
size distribution were collected from January
1997 to December 19%7. The samples were
immediately cooled in an ice cooler and brought
back to our laboraiory. The water was then filtered
through a precombusted (450 °C for 4 h)
Whatman GF/F filter (nominal pore size 0.7 pum).
- The filtrate was usually kept at 3 °C in a
precombusted glass bottle until analysis.

Four large rivers, arranged in order of
drainage-area size, were chosen for this study: the
Koise, Sakura, Hanamuro, and Ono rivers.
River-water samples were obtained in May,
August, and November 1994 and in February
1995 at downstream stations on these four
influent rivers (Fig. 1). Distinctive DOM sources
chosen in the watershed were domestic sewage

(DS), sewage treatment plant effluent (STPE),
paddy-field inflow (PFI) and ouiflow (PFO),
plowed-field percolate (PFP} and upland-forest
stream (FS) (Fig. 1). PFI and FFO samples were
collected only in May and August. Otherwise,
samples were collected in May, August, and
November 1995, and in February 1996. The
samples of river water and other DOM sources
were collected in HCl-washed polycarbonate
containers and treated in the same manner as the
lake-water samples.
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Fig.1. Sampling sites in Lake Kasumigaura, its
inflowing rivers and other DOM sources in the lake
catchment area. )

2.2 DOM fractionation

Sample filtrates were fractionated into 5 fractions:
aquatic humic substances (AHS), hydrophobic
neutrals (HoN), hydrophilic acids (HiA), bases
(BaS), and hydrophilic neutrals (HiN), based on
their adsorption on a series of macroporous resin
adsorbents. Nonionic Amberlite XAD-8§ resin
(2060 mesh, Sigma Chemical Co., St. Louis,
USA), strong cation-exchange resin (Bio-Rad
AG-MP-50, 50-100 mesh, Nippon Bio-Rad Lab.
KK, Tokyo, Japan), and strong anion-exchange
resin (Bio-Rad AG-MP-1, 50-100 mesh) were
used. -

The XAD-resin was cleaned and conditioned as
described by Thurman and Maleolm (1981).
Three milliliters (wet volime) of the XAD-8 resin
was packed into a glass column and rinsed 3 times,
altenating 0.1 M NaOH with 0.1 M HCl each
time, just before application of the sample. A
blank sample was collected from the final rinse
with 0.1 M HC! (B1). Both the AG-MP-50
(hydrogen form) and AG-MP-1 (chloride form)
were Soxhlet-extracted with methanol for 24 h.
AG-MP-1 was then converted into its free-base
form with 1 M NaOH and rinsed with Milli-Q
water (Milli-Q SP.TOC, Nihon Millipore Lid.,
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Tokyo, Japan). Glass columns containing 6 mi
(wet volume} of the cation resin and 12 ml (wet
volume) of the anion resin were connected in
series and conditioned by pumping about I [
Milli-¢ water through the resins, Blank samples
were collected from each column after pumping
[-2 bed volumes of 0.0! M HCI solution just
before and after application of the samples.

A flow schematic of the DOM fractionation
procedure is shown in Fig. 2. Details of the DOM
fractionation procedure can be found elsewhere
(Imai et al., 2001). DOM fractionation was done
in duplicate for each sample. After fractionation,
dissolved organic carbon (DOC) was measured
for DOM fractions 1 to 5 and for the blank
samples. Each DOM fraction was calculated as
follows:

AHS =DOM2 x (elutant volume)/(sample
volume) 4y
HoN =DOMI1 -AHS - (DOM3-Bl) (2)
BaS = (DOM3 - B1) - (DOM4 ~B2) 3)
HiA = (DOM4 — B2) ~ (DOMS - B3) (4
HiN=DOC5-83 (5)

The blank DOC from the XAD-8 column during
0.1 M NaOH elution contained less than 0.7 mgeC
1% its contribution to AHS would have been no
more than 0.03 mg CI"'. Thus, the blank DOC
contribution to AHS was neglected. The relative
errors of the duplicated measurements for AHS,
HoN, HiA, BaS, and HIiN in the DOM
fractionation were 4-8%, 20-33%, 4-35%,
20-48%, and 22-38%, respectively.

DOC measurements were conducted as
non-purgeable DOC with a Shimadzu TOC-5600
total-organic-carbon analyzer (Shimadzu  Co.,
Kyoto, Japan). At least 3 measurements were
made for each sample, and analytical precision
was typically less than + 2%. Potassium hydrogen
phthalate was used a standard.

2.3 Trihalomethane formation potential

Sample filtrates, AHS and the hydrophilic
fractions (HiF, equivalent to DOM3 in Fig. 2)
were diluted with Milli-Q water to produce a
DOC concentration of 1 mgCel" before
chlorination. Freeze-dried AHS samples were
reconstructed in Milli-Q water. The HiF samples,
the pH of which remained at 2 after the DOM
fractionation, were adjusted to about pH 7 with
NaOH.

Trihalomethane formation potential (THMFP)
was measured according to the Standard Methods
for the Examination of Drinking Water (JWSA
1993). Samples were adjusted to pll 7 with
phosphate  buffer.  Double-distilled  sodium
hypochlorite solution was added at 2 dose that
produced a free chlorine concentration of | to 2

mg*l ! as C}, after a reaction time of 24 h at 20 °C.
Reactions were performed in headspace-free
containers and in the absence of light. Following
the 24-h reaction period, free chiorine
concentrations were determined by the o-trizine
method. Excess chlorine was quenched with
anhydrous sodium sulfife, and then concentrations
of trihalomethanes were determined by the
headspace method using gas-chromatography/
mass-spectrometry equipped with a2 headspace
autosampler. Analytical precision was typically
less than + 2%. '
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Step 1: | ! * AHS
acidily wpll 2 and (AHS)

pass through XADE ;‘_,q-._}

column (XY N
he) XADS resin

ST
Step 2
elute 0.1M Na3l '-J l——b AOM 3

2 (HiF =HiA+BaS+HiN}

AG-MP-50
cation exchange

resin
Step 3: L_’ ooM 4

pass tbrouph vatien .
and anion exchange (HIA (HINY
resing

AG-MPY
anion ¢xchange
" resin

DOM 5 (HiN)

Fig. 2. Schematic diagram of the procedure for DOM
fractionation. DOM fractions are AHS, aquatic humic
substances; Hol, hydrophobic neutrals; HiA, hydrophilic
acids; BaS, bages; HiM, hydrophilic neutrals,

2.4 Molecular size determination

High-pressure size exclusion chromatography
(HPSEC) was performed at room temperature
with a Hitachi L-6200 pump (Hitachi Ltd., Tokyo,
Japan), a Hitachi L-4000 UV detector operating at
260 nm, a Hitachi D-2500 data integrator, and a
Rheodyne rotary injection valve equipped with a -
100-pl sample loop. A Waters Protein-Pak 125
modified silica column {(Waters Co., Milford,
USA) was used for this study (Chin et al. [994),
Mobile phases were composed of Milli-Q water
buffered with phosphate to a pH of 6.8 and
sodium chloride to yield an ionic strength of 0.1
M. Molecular weight standards were composed of
sodium polystyrene suifonates (33, i8, 8, 5.4, and
1.8 K) and acetone, The calibration curves were
semi-log linear over the range defined by our
standards, showing an exceilent correlation {R® =
0.99), and were used to determine both number-
and weight-averaged molecular weights. Sample
filtrates were adjusted to an ionic strengih of 0.1
M with the appropriate addition of 4 M NaCJ, and
to a pH of 6.8 with additions of phosphate buffer
and HCL AHS samples were prepared by
dissolving the freeze-dried samples into the
mobile phase solution. HiF samples were adjusted
to an ionic strength of 0.1 M and a pll of 6.8 with
additions of phosphate buffer, NaOH and NaCl.



Typical precision for the defermination of
averaged molecular weights was + 3%.

3. RESULTS AND DISCUSSION

3.1 DOM fractionation disiribution of lake
and river waters

DOC concentrations at the center of Lake
Kasumigaura ranged from 2.97 to 4.80 mgCeI’
and averaged 4.08 mgC+l" during the sampling
period (Table 1). The lake-water DOC exhibited a
tendency to increase from spring to fall and then
to decline gradually. DOC concentrations in the
four rivers were found to vary from 1.45 to 3.28
mgCl" with an average value of 2.76 mgCsl',
DOC concentrations in all rivers exhibited the
greatest values in May, decreased in August, and
reached their lowest in November and February,
The Thighest riverine DOC concentrations
observed in May are likely to result from massive
usage of river water to fill paddy fields with water
in preparation for transplanting young rice plants.

Table 1. Average concentrations of dissolved organic carbon
(DOC) in Lake Kasumigaurs, its inflowing rivers, and other
DOM sources in the Jake catchiment area

Sample name DOC N
[mgCe1}
Lake water 4,08 (0.49)* 22

River water 276(057 16
Forest stream (FS) 0.47 (0.07) 4
Paddy field inflow (PDI) 3.12 2
Paddy field outflow (PDO} 7.26 2
Plowed field percolate (PFP) 0.28 (0.07) 4
Domestic sewage (D5S) 16.62 (5.53) 4
Sewage treatment plant effluent 4.93 (0.85) 4
(STPE)

*Standard deviation.

In Lake Kasumigaura, AHS and HiA dominated,
collectively accounting for more than 70% of the
DOM as DOC (Fig. 3). Thus, the lake-water
DOM is predominantly acidic. HiA was dominant
over AHS, amounting to 43% of the DOM against
AHS being 32%. The HoN fraction was around
9%, indicating that hydrocarbons, pesticides,
carbonyl compounds, and linear alkylbenzene
sulfonate (LAS} do not contribute significantly to
DOM in the lake. The average percentage of BaS
and HIiN was 10% and 4% of total DOM,
respectively. Protein-like and carbohydrate-like
. DOMs are unlikely to be present in significant
quantities as their free forms in lake water.

The DOM-fraction distribution pattern in the river
waters was significantly different from the pattern
in the lake water (Fig. 3). As in the lake water,
AHS and HiA dominated in riverine DOM,
accounting for more than 70%. However, the
percentage of AHS was oniy slightly greater, 39%
vs. 37%. The FHoN, BaS, and HiN fractions
accounted for 9%, 11%, and 6%, respectively.
Riverine DOM appears o be more hydrophobic
than lake DOM. Two-sample #tests comparing

the mean percentages of the DOM fractions
revealed that only AHS and HiA  were
significantly  different with  respect o
DOM-fraction distribution between the lake and
river waters (p < 0.0001 for AHS, p < 0.001 for
HiA). As far as DOM composition is concerned,
the perceniages of AHS and HiA were of
importance in distinguishing between the DOM in
Lake Kasumigaura and its inflowing rivers.

Thurman (1985} reported that AHS and HiA

- generally account for 40% and 41%, respectively,

of DOM as DOC in lakes. He also states that AHS
is the major component of DOM in rivers,
accounting for about 50% of DOC, with HiA
being azbout 25%. McKnight et al. (1994),
studying lakes where DOM is mostly derived
from phytoplankion, found that AHS aceounts for
13% - 20% of DOM. These results suggest that
(1) river waters are rich in AHS but poor in HiA,
since most DOM in rivers is allochthonous and
(2) lake waters contain more HiA compared with
AHS since autochthonous DOM sources outweigh
allochthonous ones in lakes. Our results for the
waters of Lake Kasumigaura and its inflowing
rivers are consistent with these reported findings.
It appears, however, that in Lake Kasumigaura
DOM is more likely to be algal derived than is
typical, but its inflowing rivers may have less
allochthencus or pedogenic DOM.

3.1 POM-fraction distribution in DOM
Sources

DOM-fraction distributions in the other DOM
sources also showed an interesiing feature. AHS
and HiA also dominated in all the other DOM
sources as they did in the river and lake DOM
(Fig, 3). Nevertheless, their distribution exhibited
more widely different patterns, depending on the
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Fig. 3. DOM-fraction distributions of water samples from
the center of Lake Kasumigawra, its inflowing rivers and
other DOM sowrces in the lake catchment area. DOM
fractions are AHS, aquatic humic substances; HolN,
hydrophobic neutrals; HiA, hydrophilic acids; Ba$S, bases;
HiN, hydrophilic neutrals. DOM sources are FS, forest
stream; PFP, plowed-field . pereolate; PFl, paddy-field
inflow; PFO, paddy-field outflow; DS, demestic sewage;
STPE. sewage treatment plant effluent. Error bars
represent +1 standard deviation of the mean except for
PFl and PFO. Bars for PFl and PFO represent relative
deviation from the mean.

ongin of the sample. Compared with the lake and



river waters, FS and PFP were by far dominated
by AHS, which accounted for more than 60% and
70% of DOM, respectively. Both FS and PFP
have only allochthonous DOM; thus, such high
percentages of AHS are understandable. The
DOM-fraction distribution of PFI was similar to
that of the river waters, as expected. PFO was
very different from PFI and exhibited the greatest
percentage of HiA among the samples. The
muddy sediment in paddy fields is likely to
diffuse DOM containing much more HiA than
AHS.

The DOM-fraction distribution of DS was
noticeably different from that of the lake water.
DS, like the lake water, had a considerably greater
proportion of HiA than of AHS; however, its HoN
fraction was distinctively greater, accounting for
25% of the DOM. Since DS samples were foamy
when they were collected, DS should contain a
large amount of synthetic detergent such as LAS,
which is categorized as 2 HoN.

STPE contained more HiA (45%) than AHS
(27%), like the lake water. DOM in STPE is
considered to be mostly of microbial origin and
should be refractory to bacterial degradation since
it is what remains after extensive biodegradation.
This finding suggests that not only AHS but also
HiA may accumulate as recalcitrant DOM when
STPE is discharged into a lake either directly or
indirectly.

3.2 Molecular size distribution

All HPSEC chromatograms of DOM, AHS and
HiF showed broad, monomodal size distributions
with subtle shoulders and small sub-peaks.
Typical HPSEC chromatograms of DOM, AHS,
and HiF are shown in Fig. 4. The weight-averaged
to number-averaged molecular weight ratio (i.e.,
the analyte’s polydispersity) was less than 2 in all
cases, indicating that the DOM, AHS, and HiF
molecules all occupy a relatively narrow size
range and do not possess molecular weights that
vary by orders of magnitude. The weight-
averaged molecylar weights of DOM were
relatively low, having an average of 730 gemol ™.
AHS had a greater weight-averaged molecular
weight than HiF, exhibiting an average value of
957 gemol !, corapared with 606 gemol ' for HiF.
AHS and HiF appeared to contribute mainly to the
high- and low-molecular-weight fractions,
respectively, of the DOM in Lake Kasumigaura.
Seasonal wvariations in the weight-averaged
molecular weights of DOM, AHS and HiF were
not very pronounced, varying within + 3%, +
11% and * 24% of the monthly averags vales of
DOM, AHS and HiF, respectively.

The weight-averaged molecular weights of DOM,
AHS and HiF in Lake Kasumigaura were found to
be small, showing the average values of 780, 957

and 606 gemol ', respectively. Thurman et al.
(1982) measured the molecular weight of AHS
from various environments and concluded that an
average molecular weight for humic substances
from surface water was 1000 to 2000 g=mol™". The
molecular weights of AHS determined in this
study were around the lowest end of that range.
‘The molecutar weight of HiF has not been
reported before as far as we know; thus, the
measured values cannot be compared with those
in the literature. Nevertheless, it can be suggested
that the molecular size of DOM belonging to HiF
is very smali.

3.3 Trihalomethane formation potential

When normalized on a DOC basis, the specific
THMEP (STHMFP) of AHS in Lake Kasumigaura
was found to be slightly greater ihat of HiF. The
average STHMFP of the AHS samples was 0.195
pmol THM mgeC!, while the average HiF
STHMFP was comparable at 0.176 pmol THM
mg-C"' (Fig. 5). The paired #test on the
comparison of STHMFP between AHS and HiF
showed a significant difference at P < 0.05 {(n =
12); however, when we excluded one pair of data
observed in July, which showed the largest
difference, the #test did not give a significant
result. The DOM samples exhibited STHMFP
values somewhere between those of HiF and AHS
(0.188 pmol THM mgeC™).

The STHMFP of the non-humic fraction, namely
HiF, was found to be comparable to that of AHS,
This finding appears to be somewhat contrary to
the conventional belief that AHS behave as the
principal THM precursor material. Nevertheless,
this result is' consistent with those reported by
Owen et al. (1995). They showed in studying
THWFP of different waters from a reservoir, river
and groundwater that the non-humic fraction
reacted with chlorine and produced THM per unit
DOC at an extent comparable to the humic
fraction.
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Fig. 4. Typical high-pressure size  exclusion
chromatograms of DOM, AHS and HiF in waier from
Lake Kasumigaura, The water sample was collested on
September 10, 1997 at a point near the intake of a water
teearment plant tocated on the shore of the lake,

The importance of HIif over AHS as THM



precursors becomes more pronounced when THM
formation is evaluated in terms of concentration,
that is, when THMFEP is assessed in pumoll". The
THMFP of HiF is much greater than that of AHS:
the average values for HiF and AHS are 0.374 and
0.229 pmol THM- I, respectively. This
comparison reveals that HiF account for, on
average, 57% of the THMFP of DOM, while AHS
account for 35%. Therefore, we concluded that
when waters from eutrophic lakes such as Lake
Kasumigaura are used as sources of drinking
water, lower-molecular-weight hydrophilic DOM,
m particular HiA, should be of more concern as a
THM precursor than AHS, from the viewpoint of
water treatment practices.
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Fig. 5. Comparison of specific trihalomethane formation
potential (STHMFP) between DOM, AHS and HiF in
water samples taken from Lake Kasumigaura 1997, The
lower boundary of each box indicates the 25th percentile,
a line within the box marks the mean, and the upper
boundary of the box indicates the 75th percentile.
Whiskers indicate the 90th and 10th percentiles, and sohd
dois indicate outlying points. Abbreviations are explained
in the text, )

4. SUMMARY

DOM in water samples from Lake Kasumigaura,
its inflowing rivers and several other DOM
sources in the lake watershed was fractionated
into five classes: AHS, HoN, HiA, Ba8, and HiN.
DOM-fraction distribution was found to be very
useful  parameters for  evaluating  the
characteristics of DOM in waters.

DOM-fraction  distribution  patierns  were
significantly different depending on the origin of
the sample. AHS and HiA were found dominantly
in both the lake and the rivers. HiA prevailed over
AHS in the lake water, while AHS was present in
a slightly greater percentage in the river water.
AHS and HiA were also dominant in all other
DOM sources. AHS was the most abundant
fraction in FS and PFP. HiA abounded in PFO, DS,
and STPE. Only DS contained a significant
amount of HoN, indicating the presence of
LAS-like DOM.

The THMFP of HiF normalized on a DOC basis
was found 10 be comparable to that of AHS

(0176 vs. 0195 pmoi THM mgC™,
respectively). When THMFP is evaluated in
terms of concentration (i.e., pumol THM+1™), the
THMFP of HiF was by far greater than that of
AHS (mean 0374 vs. 0229 pmol-l™,
respectively). '

Molecular size distributions of lake-water DOM,
AHS and HiF were found to exhibit a2 narrow size
range and relatively low molecular weight. The
weight-averaged molecular weights of DOM,
AHS and HiF in the waters of Lake Kasumigaura
were, on average, 780, 957, and 606 g mol”,
respectively.
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Relationships between Fractionation Data in River Water and Watershed Characteristics
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Abstract

In the basin of Lake Biwa and Lake Kasumigaura, relationships between fractionation data of dissolved organic matter
(DOM) and in inflowing river water and watershed characteristics were investigated by regression analysis and specific
unit modeling. Most hydrophobic neutrals were found to originate from domestic sewage. Domestic wastewater treatment
plant effluent was found to significantly contribute to the load of hydrophilic acids in river water. Specific unit modeling
based on the load of DOM fraction and the ratio of land use contribution in watershed enabled source identification for
each DOM fraction including refractory dissolved organic mmtter. In the north basin of Lake Biwa, forest outflow
significanily contributed to the load of aquatic humic substances and refractory fractions. The loads of othey DOM
fractions were found to be dominated mainly by urban drainage.

Key words: dissolved organic matter, fractionations, watershed characteristics, regression analysis , specific unit

modeling
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*Lake Biwa

**Lake Kasumigaura

Fig.l Location of sampling sites in Lake Biw# and Lake Kosumigaura®* basin

51996 P TERE LBy BV ItV THiE S
hizbDTHD, Fig. LIcflEMRAETT, EEBRREAR
NI, FRIH, KN, 8D 3B WTI9HEE
I EECAEE ADAREI W BEaaEs—
¥ (BHRE - B0 SEY 1T DWW TR EEDA)
ZRWE. AERCHEBICOAEF P E2RHELTHD
W, MET—IHPEJGARENEETE Rk,
AFEOFTEZITIT U TR0, Er@mAmiicontid,
BESH, WEN, EEI, N, N, i, E=,
CFEE, ANERI, BN D10 C 194 17 AR 088
ETHRZIh BT rET—4 20
WA ESIFSROERIT OV TSR 2298
Ehi=ds, XADEHE - 1 4> ZHdiigic L 57 2V HD
SR EDNT, BEERYE 7 I 9E (AHS) , Bk
PEFPEE (HoN) , BUKkMEEE (HiA) , IBEE (BaS) ,
skMEPMEE (HIN) D52 SELELDTH 5, X

Table 1  Acronyms of Organic Solutes for Dissolved Organic

Matier
acronym Fraction
DOC Dissolved Organic Carbon
AHS Hydrophobic Acids
HoN Hydrophobic Neutrals
HiA Hydrophilic Acids
BaS Bases
HiM Hydrophilic Neurals
— R-DOC Recalcitrant Dissolved Organic Carbon

R-AHS Recalcitrant Hydrophohic Acids
R-HoN Recalsitrant Hydrophobic Neutrals
R-HiA Recalcitrant Hydrophitic Acids
R-BaS  Recalcitrant Bases

R-HiN Recalcitrant Hydrophilic Neutrals
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=, BAREESE, 100FRESRREEERY T 28D
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WS ET— & ORI Table HIRTED THIH, &4
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BHIZRZAID) B DOCEBHESERSEHIEE XN,
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- Ll TRPEEREBREH O 2 TS5 FHBR
LRBOTNT—F B E—BER L UTHEHRIFT 52
LICBL TR, BEEREOBD TARWERNC BT 25
FERYAET S O7 4 -V FRERERTBERT
HREEZ =0 M B 568 S HRE QR IHE

CIRIEEE 2 Table 2I0 R,
3.2 BMMANICLIEE

BEERYAET — 5 OLLARBRERTEE L BT

BH = Y ORI » O OIBEERSE Table 3107,
DOC, Yok, HiA, BiNR 2EEICBWT, SHHEEANIEA D,
Bt A O & ORBEINE . R, HiAk Bt
EA OB L TEHEENE A D ORI OFEES RS0, 9L
EENSBMERRUTW S, TRIEKTTIHADS
&3 HEFAE  EFEHEEK CREAINZ TERYEHR
SEROINOEEEIFN LV IHMEY H b, S
{EAE D RIS DMK BN TERAME (HiA) D8

"Table 2 Mean values ( standard deviations ) of DOMfractions in the objected rives

ma/L DOC | AHS | HoN HiA BaS HIN_J|R-DOC| R-AHS | R-HoN [ R-HiA | R-BaS | R-HiN
Uso R. 1995 160F 0s54] o028 o030] 021 032| os83] 040| o007] o025 oo4]| o0.06
‘ (059)}. (012)] (0.20)] (VO4)| (008) (037 (024)] (0.12)] (0.06) (0.08) (0.04)] (0.04)
Uso R. 1996 1.33 049f 023]| 052 006| 004
(049} {014l (021 (@17 (003 (0.03)
Ado R. 1995 0.38 024 000] 006 004 004] 030] o201 001 0.07] o000]| 001
(005)1 (006} o000] (004} (003} (0.03) (0O8)] (002)] o) (0.02)] (001 (0.01)
Ado R, 1996 0.37 0.17 0071 005] o001 0.06 .
(002} (o4 (o7 (oo’ (0o} (0.04)
Yone R. - 1935 163 052| 023; 038y 023)] 026 o083] o036 oo09| o26! 004] o008
(052} (006} «020)) (0.0} (0.17) (028) (0.10)] (014)] (012)] (0.05)] (0.04)] (0.06)
Yone R, 199 1.23 037 0.29 039 o004 0.15
(0.36)] (010} ¢o.25) (0.i8) (004 (0.20)
Shin R. 1994 4.84 157 0.73 197 043] 0.13 323| 113] o039 134| 036 ND.
(109)] (024) (048} (041} (008) (008)] (075) (0.15) (0.46)] (0.34)) (0.19)
Hanamuro R. 1994 307 1141 033| 132 o035| o01z) 232] o096| 013 o081 0271 0.5
- (019)] (008)] (011} (028} (019} (009} (055 (049 0.5} (04 (018)] (012
Seimei R. 1934 309 124 017 1.28 0.16 024F 243] 096 031 0.91 0121 013
Qo4 (027 (0.25) (051} co12) ¢e16) (079)| (023} (042 (0.32)] (0.14) (0.10)
Table 3 Correlation coefficients between DOMiraction load in river and watershed characteristics
bDoc AHS HoN HiA BaS HiN
urban sewer system 0.01 ~0,14 010 0.22 0.02 -0.05
rural sewer system -0.40 -044 -0.34 -0.41 -0.21 -0.34
domestic wastewater treatment| 080 **| 056 088 *| 095 *! 0863 078 *
septic tank treatment 673 *{ 046 078 *| 092 *| 062 070 *
night soil collection 0.61 0.34 070 *| 0381 *| 053 0,58
urban area 0.04 -017 0.12 0.3 008 ~-002
ipaddy field 0.46 0.22 0.59 0.53 0.42 0.50
field -034 -0.41 -0.37 014 -0.26 | ~0.38
forest -0.23 0,10 —0.37 ~0.51 -0.26 -0.20

*: p<0.05 ™1 p<0.01

Table 4 Correlation coefficienis béween refractory DOMfraction load in river and watershed characteristics

RDOC | R-AHS | R-HoN | R-HiA | B-BaS { R-HiN
urban sewer system -0.19 -0.32 0,02 -0.02 0.41 ~0.25
rural sewer system ~0.38 =036 ~(0.31 -G44 -0.42 -0.10
domestic wastewater treatment] (.74 047 091 *] 088 *| 095 "™ 084 *
septic tank treatment 0861 0.31 082 *| 079 090 * | 074
night soil collection 0.44 0.15 0.74 0.63 090 *| 053
urban area -0.18 -0.39 0124 0.04 0.51 -0.18
paddy field 0.40 021 063 0.43 041 0,73
field -0.43 —0.54 —0.09 -0.28 -0.14 -041
forest 0.04 0.37 —0.51 -0.21 —0.60 -(.20
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Table 5 Partial correlation coefficients for multiple regressions between DOMraction load in riverand watershed characteristics

DOC (n=9) AHS (n=9)_ HoN (n=9)
domestic wastewater treatment 126 ** [domestic wastewater reatment 122 * [domestic wastewater treatment 1.2t *
forest 065 * lforest 0.95 * lforest . 048 *
3 .86 R 0.78 R 0.89
_p<0.05 _p<0.0s ' p<0.01
___HiA(n=9) ___BaS(n=9) HiN (n=9)
forest 045 * |domestic wastewater treatment  0.63 domestic wastewater treatment 124 *
septic tank treatment 129 * forest ~ 068 "
field -018 * .
R? 0.98 R 040 Rr? 0.83
p<0.0t ) _ p&0.01
R-DOC (n=86) R-HoN (n=6)
domestic wastewater treatment  0.85 domestic wastewater treatment 091 *
forest 105 * ’
night soil collection 0.68
urban sewer system -0.18
R 100 R - 083
p<0.05 p<008
R=HiA {n=6) R-BaS {n=6) R-HiN {n=6}
domestic wastewater treatment 143 * ldomestic wastewater treatment 1,11 ™ [domestic wastewater treatment 108 ™
forest 062 * |paddy field —0.26 urban area -1.29 *
paddy field -022 * urban sewer system 064 *
rural sewer system . 007 * forest -0,15
/2 1.00 =4 0.95 r? 1.00
p<0.01 _p<0.05 p<0.05

KM (HoN) DEESIGHAZIN Lhked T
RrEk, :
BARMEOBMT DV T SRR, LA FETIE
& s E © ORI BERETE Table 423, B-DUC%
ESh2TOESEMEEM- BOTSHMEUB AD LD
FABMRMO. T B e zoT VAT 25, S ENE
kDT OESTRIE AR R EEE S I TWET
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ORADBEALED THP o= (1=0.99) = LH 5, ik
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#Zbh5,
—5T, \EESHERORERE : OBV SIEER S
RWARSIZ Wik, ABMAR LD KD SFHEETS
HRBAROREPRENWEEL NS, JOEmik, &
R FAKPTRRAN D Z R DR UAIT BT HS D2
BEERYPOEELRPEREEN LS EROMRY.
LEASL TN
3.3 ERNRAFICLZER
BEAEYSET—¥ DLLARBFERTRE S BE
BT BEMMRON (RF v T A ZEHIEREE) 2RA
C=EERETable SIOTT . B-AHSIZ DWTIE, REVRRES
Iz NI WE L o128, BiFHEh SR &6
HEALER A DIEEBEDSHIA, R-AHSLIA DL THEBIC B W TR
PERE UTRBRINT S Y, BERAERREOES BN
B RENWEL RS THWBZ EHEID, ThEDBRI,
EHFEOAE TR X PR W EES R E I D AR D
BEEHMYARRIIBEEREI UWEZLITL20DE
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TS S DAMOBEEFELPITREVNEER LS.
TN OB EEHIE~RICAROEELFEN L%
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DLEEETEOBRBEAY L THH#EL TS,

4 . BEEMHSE T —F ORI R A REAERR
BT RR B DR
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ZIT, —BRNRERENEFNIC L D oA SR
I & ST A A E A O THA| AR R A R
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sEPiit, BRBuoLbRAEERE (e, B,
1, (4K BLUTINRET —F BEEH D kb
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Fig. 2 Specific units of DOM-fractions runoff for three types of
fand use

Table 6 Cormrelation coefficients between observed load and
estimated load of the specific unit modeling based ont the
load of DOM-fraction and the ratio of land use
contribution in watershec

Doc AHS HolN Hia BaS | HiN

059" D81 ™" 073" 073" 0.62 * 0.56

R-DOC R-AHS R-HoN R-HiA R-BaS R-HiN

061" 059 051 0.66 " 0.50 063"

**: p<0.01 *:p<0.05

W urban area paddy field Hforest,
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R-HiA
R-Hot

R-AHS

R-DOG

iy
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AHS
Doc
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Fig. 3 Contributions of DOM-fractions runoff for three types of
land use in the north basin of Lake Biwa
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