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ABSTRACT

Excess nutrients from anthropogenic sources to lakes and other water bodies can cause significant problems
for ecosystem health and for the usefulness of the water body for drinking water, recreation, and other
purposes. Solutions for these environmental problems are difficult to determine because there are usually
many different land-uses that contribute nutrients and organic matter to the ecosystem. In recent years,
numerous studies have shown that stable isotopic techniques — particularly multi-isotope approaches
piggybacked onto routine monitoring programs -- are a powerful tool for determining sources of nutrients
contributing to ecological problems because different kinds of nutrients and kinds of dissolved and
particulate organic matter derived from different sources and land uses often have distinctively different

isotopic compositions.

The basis for using isotopes to determine the sources of nutrients and other solutes to algae and bacteria is
that autotrophic organisms preferentially assimilate the lower-mass isotopes of dissolved solutes. Hence,
a comparison of the isotopic compositions of the organisms and the solutes from different sources allows
estimation of the relative contributions of different specific nutrient and solute sources to the organisms.
And since different nutrient and other solute sources frequently have distinctive compositions, the relative
contributions from these different sources can often be reliably determined. This presentation will
present an overview of the "state of the science" regarding the ability of isotopes to distinguish point and
non-point anthropogenic impacts at various spatial scales, provide suggestions for successful pilot studies,
and outline guidelines for future monitoring programs in biologically active and human-impacted

systems.
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ABSTRACT

The measurement of nitrogen (N) and oxygen (O) isotope values of dissolved nitrate (NOj3") has been
used for water quality surveys since 1980s. Isotope information of various origins of NOj has been
compiled for many different ecosystems. In the beginning of 2000s, the development of the microbial
denitrifier method for this measurement has made its throughput higher dramatically. As this method
requires a tiny amount of sample volume, it allows us to execute spatiotemporally high resolution and
simultaneous measurements of N and O isotopes of NO;3". Using this technique, we have been able to
reveal the details of transformation and movement of NO;s; and related N compounds in various
ecosystems. We have applied this method to describe the transformation of N in the surface of plants,
litter layers, soils and groundwater zones, and used for identifying the origins of NOj3™ in river catchment.
Here, we described how we have approached to the N dynamics in various scales of ecosystems using this
isotope technique and discussed the future directions of this study area and associate methodologies
applicable to reveal the new insights of N dynamics in terrestrial ecosystems. Combined approach with
microbial ecological investigations may provide synergetic effects for mechanistic understandings of N

dynamics of terrestrial ecosystems.

1. INTRODUCTION

The measurement of nitrogen (N) and oxygen (O) isotope
values of dissolved nitrate (NO5") has been used for water
quality surveys since 1980s. Isotope information of
various origins of NO;™ has been compiled systematically
for many different ecosystems by Kendall " The typical
ranges of 8"°N and 8'°0 of NO;™ from various sources
was illustrated in her review chapter. This 8"°N- & '*O
plot, the so-called “Kendall Plot”, has been referred for
identifying origins of NO;™ and for detecting the effect of
denitrification in various case studies in past two decades.

In the beginning of 2000s, the microbial denitrifier

method was proposed for this measurement (Sigman et al.

[2]; Casciotti et al. [3]). This method has made its
throughput higher dramatically. As this method requires a
tiny amount of sample volume, it allows us to execute
spatiotemporally high resolution and simultaneous
measurements of N and O isotopes of NOj3". Using this
technique, we have been able to reveal the details of
transformation and movement of NO; and related N
compounds in various ecosystems. The new method has
been applied to understand the microbial and physical
mechanisms behind the spatiotemporal changes of NO;3
abundance in various ecosystems including rivers (e.g.

Ohte et al.*; Johannsen et al.”)), lakes (e.g. Finlay et

al.l)) and oceans (e.g. Wankel et al.!). The Kendall plot
was updated by adding the NO; data for atmospheric
depositions using the microbial denitrifier method™.

The advantages of this method requiring a small amount
of sample are not only to allow us to increase the
spatiotemporal resolution, but also to allow us to apply
this method to small-scale phenomena in terrestrial
ecosystems. For example, we can measure the 8'°N and &
B0 of NO;™ in throughfall, stem flow and soil waters,
which has usually been difficult to collect sufficient
sample volume for the previous method, such as the
silver nitrate method. Consequently, more detailed
understandings on N dynamics along the elemental
hydrological processes has become possible (e.g. Osaka
et al.”’); Shi et al.l'OH!),

This paper is aiming to describe usefulness of and
applicability to wide range of scales of N dynamics in
terrestrial ecosystems; from a small-scale plot in a
forested ecosystem to
ecosystems. From a leaf surface to a lake, various N

river, lake and catchment
transformations and related biogeochemical phenomena
occur in a catchment ecosystem which consists of
multiple ecosystems such as forests agricultural fields
and streams, and NO;™ is one of the most important N
compounds for evaluating the nutrient status and linkages
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of ecosystems. Additionally, we tried to propose new
approaches associated with isotope measurements of
NO;™ to elucidate more insights of N dynamics in
terrestrial ecosystems.

2. INTHE FORESTED ECOSYSTEMS

NOs™ is one of the most important bioavailable nutrients
in the temperate forest ecosystem. Its major sources are
atmospheric deposition and microbial production. As
there is significant difference of the 'O value between
atmospheric and microbially produced NO5', a 5'*0 value
can be used for evaluating the relative contribution of
those two sources.

Shi et al.'” have monitored NO;™ isotope changes
during the processes that rain touches and passes
thorough a canopy, or flows on the surface of tree body,
and then infiltrates into soil profile (Fig. 1). The 5'%0
values of rain, throughfall (TF), stem flow (SF) waters
were significantly higher than those of soil waters even at
shallowest part. In the organic soil layer (OH), the 5'°0
was occasionally close to that of atmospheric deposition
and close to that of soil waters. These suggest that the
NO;™ derived by the atmospheric deposition was quickly
replaced by the one produced by microbial activities
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Fig. 1 The 5'0 values of NO; in rainfall (rain),
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throughfall (TF), stem flow (SF), the organic horizon
(OH), and soil water (SW; 10, 30, and 70 cm depths)
during the growing at the Cryptomeria japonica and
Quercus acutissima stands. Box plots with different
indicate

lowercase letters

among sample types. (Shi et al.'w').

significant differences

soil layer. In the same forest ecosystem, The N
transformations nitrification  and
immobilization) were significantly more active in the OH

layer than the mineral soils underneath the OH layer (Shi
L

(mineralization,

et a ]). These implied that the NO;™ replacement was
made by co-occurrence of the immobilization of the
atmospheric NO;  and the active nitrification in same

layer.

In addition to above, it is worthy to note that the 5'°O
of NOj3 in stem flow waters was lower than those of rain
and throughfall waters especially in the Q. acutissima
stand. Considering that the stem flow water contacts with
leaves and bark surface, the replace or addition of NOj;
by the microbial activities occurred on the tree surfaces.

In the groundwater body, denitrification may affect the
isotope values of NO5™. Osaka et al.”’! demonstrated for a
small headwater catchment in central Japan that the 5'°N
of NOs  in the subsurface groundwater increased during
flowing from the slope side to the stream riparian zone,
while the "0 of NO5™ did not change significantly. The
increase of 8'°N was explained by an isotope enrichment
with the denitrification in the water-saturated soil layers.
On the not significant increase in the 5'°0, Osaka et al.”’
hypothesized the co-occurrence of nitrification and
denitrification within a similar hydrological zone in the
relatively shallow part of the groundwater body.

3. INTHE RIVER CATCHMENTS

For the streams in headwater catchments, the major NO3
sources are basically soil layers and groundwater aquifers.
Generally, the population density increases toward the
regions catchment.
Agricultural fields and industrial areas may also increase

downstream in a lager river
from the mid-stream regions. This social situation
supplies multiple anthropogenic sources of NO5 load into
rivers.

The riverine changes of the 8"°N and §'*0 of NO5™ and
NOs3 concentration of two similar scale rivers (catchment
area: 300-400 km?) in the central Japan demonstrated that
the isotope values of NOj; indicated the geographical
points where the anthropogenic NO;™ input occurred and
increased (Fig. 2). In the case of the Yasu river in Fig. 2,
the parallel increase of 8'°N and NOs; concentration
begging from the midstream part indicated the NO;



originated from the septic wastewater was discharge from
the residential areas of the midstream part of the
catchment, while 8'N and NO; concentration did not
increase with river flow through the midstream part of the
Ado river having no intensive residential areas (Ohte et
al.l'?),

4. TOWARDS NEW STRATEGIES
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NO; concentration in two rivers in central Japan
(Ohte et al.'u').

the origins of N for the river and lake ecosystems have
already well developed for a broad usage in research and
operational works. The applications for those needs will
continue in the field of environmental sciences.

On the other hand, it will be possible that new targets
will be created in the field of the N dynamics in spatially
small-scale ecosystems using isotope techniques. This is
because the denitrifier method can be applied to a small
volume samples as we mentioned in the introductory
section. For the spatially specific processes in the
forested ecosystems as introduced in the chapter 2, both
qualitative and quantitative information on microbial
activities is highly useful for interpretation of the changes
in 8"°N and 8'%0 of NOj5™ and NO3™ abundance.

The attempts to link microbiological community
dynamics with N biogeochemistry have performed in the
several case studies in forest ecosystems (Isobe and
Ohte!"™). But, more detailed information on related
microbiological community dynamics are still needed
from the in-situ condition. Not only the DNA presence,
but also the information from RNA- or protein-based
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analysis for the field samples can be provide more
mechanistic understanding of N dynamics. These efforts
combined with N isotopic measurements should also
contribute to more realistic model predictions of the N
cycle.
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ABSTRACT

Water quality degradation caused by contamination of nitrate from various sources has become a worldwide environmental

problem. Stable isotopes of nitrate-nitrogen (8'°N) and oxygen (5'0) have been used to trace nitrate sources in the hydro-

sphere. In Silang-Sta. Rosa subwatershed of Laguna de Bay, the Philippines, in which sewage systems have not yet devel-

oped well, groundwater nitrate pollution is a matter of great concern to the society. Here, we conducted nitrate §'"N-5'30

stable isotope analysis with a denitrifier method to identify the source of nitrate pollution in the groundwaters during the

dry and wet seasons. Biplots of the nitrate 3'°N-5'30 values suggest that the groundwater nitrate isotope signatures in a

hot spot of nitrate pollution are imprinted by those of fertilizers as well as manure/septic wastes. Principal component

analysis for groundwater trace element also reveals that groundwaters in the polluted area are derived from the upstream

cropland. These results suggest that chemical fertilizers can be one of the major sources of groundwater nitrate pollution

in this watershed. The use of this isotope technique aids for the practice of watershed governance, in which variety of

stakeholders are involved in mitigation of the nitrate pollution through the integration of local and scientific knowledge.

1. INTRODUCTION

The water quality of groundwater, as one of the
sources for drinking water, is threatened by nitrate (NO3")
contamination. Nitrate in groundwater comes from several
sources such as agricultural activities and atmospheric
deposition. These NOs3™ sources have distinct stable isotope
signatures (8'°N-NOs™ and §'*0-NO5")[!. Identifying the
sources of NO;z™ in groundwater is an initial step in the de-
velopment of management practices to guarantee long-
term protection. This will prevent further deterioration of
the quality of groundwater.

The ground waters in Silang-Sta. Rosa subwatershed
of Laguna de Bay watershed were studied. Silang-Sta.
Rosa subwatershed (see Figure 1) is an urban ecosystem
with different land use types such as residential, commer-

cial, and industrial. This subwatershed is located at the

western portion of the lake basin. The increasing demand
for land use change to attain economic development in the
subwatershed is due to its close proximity to Metro Manila
and the abundance of quality groundwater in the area. In
Sta. Rosa City, higher economic returns are achieved by
conversion of farmland to non-agricultural uses. This neg-
atively affects agricultural production. The headwaters of
the subwatershed located in Silang, Cavite with its sloping
nature are threatened because of the on-going urban sprawl
in the uplands. This results in the occurrence of frequent
soil erosion and surface run-offi?),

This research was supported by the project (D06-
14200119), Research Institute for Humanity and Nature
(RIHN).
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Figure 1. Map of Silang-Sta. Rosa subwatershed

2. METHOD

Ground water samples in the Silang-Sta. Rosa subwa-
tershed were collected from determined sites in September
2016 (wet season) and in March 2018 (dry season). In-situ
parameters such as pH, temperature, and electrical conduc-
tivity were measured using portable sensors. Samples were
filtered using 0.22 pm cellulose-acetate filter papers,
stored in pre-washed 100-mL polyethylene bottles, and
kept in the refrigerator at 4°C to minimize microbial activ-
ity. These were brought to RIHN in Kyoto, Japan and kept
frozen.

The identification of nitrate stable isotopes (5'°N-
NOs™ and 8'®0-NO5") was conducted using the denitrifier
method that utilizes an aerobic bacterium with a denitrify-
ing strain called Pseudomonas chlororaphis subsp. Aureo-
faciens ATCC 13985.3¢ The nitrous oxide (N2O) gas pro-
duced was simultaneously measured for the (§'"°N-NOs
and 8'"*0-NO5™ values using PAL-Precon-Gas Bench-Delta
Plus™" isotope ratio mass spectrometer at RIHN. The con-
centrations of the major ions and metals in the groundwa-
ter samples were analyzed in RIHN using an ion chromato-
graph (ThermoFisher Scientific Dionex ICS-3000) and an

inductively coupled plasma — mass spectrometer (Agilent
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Technologies 7500 Series), respectively.

3. RESULTS

Figure 2 shows the map of decreasing NO3™ concen-
trations from upstream to downstream in the groundwaters
of Silang-Sta. Rosa subwatershed.

Figure 2. Map of decreasing nitrate concentrations for
the groundwaters of Silang-Sta. Rosa subwatershed

4. DISCUSSION

The groundwaters in Silang-Sta. Rosa subwatershed
have NOs" that originates from fertilizers and manure/sep-
tic wastes from the upstream/midstream and mid-
stream/downstream, respectively. This comes from the fer-
tilizers used in agriculture in the upstream area and in some
downstream parts of the study site. The increasing land use
changes in the downstream from farmland to commercial
and industrial activities affects the natural cycling of nitro-
gen. The chemical contamination alters the biogeochemi-
cal processes from upstream to downstream.

The nitrate concentrations in the ground water sam-
ples conformed to the Philippine National Standards for
Drinking Water of 50 mg/L except for the sample collected
in Barangay Sto. Domingo during the wet season sampling.

Barangay Sto. Domingo is considered to be a hotspot be-
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cause of the high NOj;™ concentrations relative to the sur- nitrogen isotopic analysis of nitrate in seawater and freshwater,
rounding area. Analytical Chemistry, Volume 73(17), pp. 4145-4153, 2001.
[4] Casciotti, K. L., Sigman, D. M., Hastings, M. G., Bohlke, J. K.,

5. CONCLUSION and Hilkert, A.: Measurement of the oxygen isotopic composi-
The ground waters in Silang-Sta. Rosa subwatershed tion of nitrate in seawater and freshwater using the denitrifier
were assessed to identify the NO;3™ sources using the deni- method, Analytical Chemistry, Volume 74, pp. 4905-4912, 2002.

trifier method for the wet and dry seasons. The NOs”
sources for the study site are fertilizers and manure/septic
wastes.

This initial assessment of the groundwater for the
identification of NOs™ sources in Silang-Sta. Rosa subwa-
tershed using stable isotope analysis is important in under-
standing of the impacts of NO3™ contamination and in the
development of watershed governance to control NO;3™ pol-
lution.

Understanding the sources and biogeochemical cy-
cling of nitrate in the groundwater can throw light on
proper eutrophication control measures. With this study, it
provides a scientific data that could help in developing pol-
icies in the implementation and pollution strategies to pro-
mote a more sustainable watershed management in Laguna
de Bay.

Ions contamination specifically the nitrate cannot be
categorically defined due to the limited data. But by em-
ploying a new technique called stable isotope analysis that
requires less frequency of sampling, provides an avenue
for the regulatory agencies such as LLDA to have a better

understanding of the sources of nitrate.
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Fig.1 Sampling locations of NH; concentration and
bulk precipitation in IFC. The latter was measured at
two locations before and after 27 September 2017.

Background was obtained from © 2018 Google Map.
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Fig.2 An example when the observational point is
located downwind from the NH; source, and squares are

feedlot houses in IFC.
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Fig. 3 Time series in measured monthly NH;
concentration in IFC from 23 May on 2017 to 21
February 2018. Alphabets in the legend show the

sampling locations illustrated in Fig. 1.

Fig. 4 Relationship between the percentage of leeward
and monthly NH; concentration measured at all

sampling locations in IFC.
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F—U—RNERDAMEER, AL OEIRTG %, R

JHHL T OB DL NG FEN L < ATOI TV A EJI - #RE)IFREk GRR) T, HiFKOMEERE
Z# (NOy-N) K OHifieREaE# (NO,-N) JRENERBIEEME (10 mg/L) A8 2 5 HF OLFEIEN 1998 LA
BT TRO LN TS, ARBFETIE, 2016 4F 11 HIZFRFIRNICH 5 8 Him O H 7 THI N AOKE A % F i
L, NO3-N 2 K DI5GB OVBERIZ DUV Tl L7z, 5 HiLRUC NO3-N TV NO,-N DS BRBE R VEE 4 F [
0, FRCEJN Bk 2 AT 20 mg/L L EDO@EVWMEZ R LTz, £72, 4 Hm Tl 2009 LA SR 5 A E(E
Zikir L CERIB L TR Y, KT 2 EMTIRIEMTOH 2 WV EREER THER LT\ 5, # FAKDOKERAL
A ONZ AR A A D EEFR L E RN LD 3 HTHE Fen D, 10 mg/L LL £ NOs-N 2SS T, Wihh
S it S 7= SR AL AR IR & P D #)73 NO3-N O E7aiB Y EK L7p > COD EHEESNTZ,

1. ILHIT

e (R ) O T F R AT T2 )1 K OV
JNO PRI TIL, MHC OB O FES I N HFED
JIRAT VTS, —J7, M A S v 7= AL ek
X TEIGE SN RSP oW (HERAE &) FIC
SR YR FE 22 3% (NOs-N) 23 AL L, i T K A&7 YL
T2 RN S M CEE LTS, MBI - 821
BTH, NO;-N KUV EERREZE 58 (NO,-N) iR BE A3 BR
FEHEE (10 mg/L) 282 D7 DIFEAED 1998 FLL
B CGRROB TS, P

AWFFETIE, B H)IRIENICHS 8 HRDH:
FaERGUIH TR AKEREZFML, ZOREF4E T
NO;-N (ZLD75 GRS RN Z DWW TR LTz,

2. ik

2.1. K

FAEFFFOMIEEM 1 1C, FFOXAT R OGRS %
£ 1ZENEIRT, WI ~ W4 LN W7 TliE, NOs-N
S UNNO,-N i FE A3 B B BB 2 2008 4 LAREAk#5EL T
BRI TD, F2, W5 O W6 1T W4 O F£8K) 300
m LINIZALEL TWD, FRAIE 2016 4 11 AIZFE L
7o AR UTZ3UBHI ERR I FFB IR, FL£20.45 pm O
AT T TANE—THB LT, IR T KE ST
L7,
2.2. KEHH

NO;-N, NO»-N K N7 v E=T fE2E 3 (NH.-N) D5
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BEYZ, A= T F 74— (=T v 7,
QuAAtro) ZHIWTE®R LTz, £z, EERA A4

(7~ R U 7 ANa"), BV 7 LKD), BT A(CaT),
~ 737 AMg) KRUEA A (HE®(C),
WilE(S0s)) DOFRWER, (A ru~ T TF7 4
— (Dionex, 1CS-2000) # MW CERLT,

FROAEEALZ 02 yum DY T 4V H—
TEBIIZAHE L7z EHZ W T, g A 4 (NOy)
DEFLEFMKE (0°N-NOy) % BEE LRl
L OMIE L, BEICIE, HERTLE S %
it SRR E & 50475t (Thermo Finnigan,
Delta plus Advantage) % FHV 7z,



K1 REHFOZA T, RS RUHBRRZER (NO;-N)

BE

swFEe | xqv | e | NON

(m) (mg/L)
w1 #TiA (1"B) 15.44
W2 #TiA ("B 13.60
W3 TiA 60 17.05
W4 73 26 8.61
w5 #TiA (1"B) 8.80
W6 #TiA ("B 3.05
W7 TiA (<) 22.30
w8 73 20 20.41

*FFOIAT R OBSIE, TIFBRED D HOFEHEF

3. BEKROEELE

3.1. NOs-N B BE D22 oA R OFRR4AEZ AL

BHTIZBIIDH FKFHNO-NEEE, # 11TRT,
W1~W3, W7 KTNWS T 10 mg/L ZHB18 L, fix i
1322 mg/L(W7) Thro7z, —J7, WA EZIUTEEET S
2 OOFHF (W5, W) IZHBW I, W4 & WS TNO;s-N
BEENMEERC THHT=DITHL, W6 TILZ D45 LU
T (3.0 mg/L) Th-o7e, 728, WTHOHFIZEB N T,
NO,-N X NO;-N IR D 0.07%LL T EiEh o7,

W1 ~ W4 O W7 (23115 2008 4ELLEED NOs-N
Je ONNO,-N 8 E DR A, K 21T, $RE)IE
NGO W1 AN B H ~ TR i 72 AN A7 5
% W2 ~ W4 Ti, 2011 ~ 2014 £E(20MF THEENME T
L7208, ZHVLARRIHIEIERIR  F2 13 R FE A CHER
LTWD, —77, BEJI Bz E 9% W7 Tid, 2010
~ 2011 FTTTRESEHL, ZRLIBITIIERIE
WTHER L T D,

3.2, ~"FYEAT I SALABELREROHEE

BHFICBT DT ARKONITYE AT 7T L%,
X3 (27,

NO;-N BN IR - 72 W6 [T E W72
YTV Ca-HCO; B D /KE MRk 27~k L, 3 - ma sk
DA FURONREARLE o TDEEZBEND, 1
—77, W6 IZBfEd 25 W4 UV W5 Tl Na 2Mthod A
AUy E AR TRED R <, Na-Cl B L RLad %
ZEmb, AER (e HEKOEEN R IS
2. [1]

NO;-N RN 10 mg/L # 272 W1 ~W3 KT W7
TV Y Ca-(SO4 + NO)RI D KEH & 7~ LT,
—RI, I EREE T = A (B DS
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X 2. W1 ~W4 O W7 IZB1TAi5ERRE 28 3 i O iR Ay R
BEZ25 (NOs-N + NO,-N) I EE DRRAE LY,

* [REEIKFEAA L (HCOy) DR IL, EEB4 (Na™, K, Ca™,
Mg, 7= LA(NH,") DS BHRE O MobEER A4 (Cr,
SO, NOy) D& R DFAFEL S W EICSE LW S EL TR
L7,

B 3. BERMEHFICBITDMTARDNFFFATTF A

HACRRARERCE AR (H B 2SEf S hi
BB, TORBELZITHM T AKIIEKRREDE DL
T NOy, SO5, Ca®' RO Mg 238+ % & &
265 Z Mg, 2 b OHFIZEIT S NOs-N
HROERO—>E LT, MM S - milisiE
{EFIEEIRZ 2 6D, £T2, TNHOH T TIX
HCO; ¥R HRWAS, T AU KR EIZhEH S
AR ARERCZ S B Wl sk NH, Ok X
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D shizzotExons" kL, F
U< NOs-N JEBEA 10 mg/L #8272 W8 Tlix, NO5
PR 2% LT SO A<, Ca-NO; il & 725 T
W, FEEHEE M X AIEROLE, NO;-N JREE
D EFITH LT SO ME DAL /N SN T & A
wmENTVD Z EBNG, [T 5 NOs-N O
TBYRER & U CEEHEE W OFE R K E & HEL
Eha,

3.3. 6”N-NO; 1T £-3< NOs-N DBFEDOHE
ZIEFIZRBITHHTRD 6°N-NOy %, NO;-N Difg

Ui & 72 AR, T3, ZE P ot NT LR -

TARICEENDEROLEFRAARL (0°N) O3k

il 10 Rl i TR 4 1RT, WL Y W2 @

0N-NO; 13 3.3 ~ 3.8%0 &% <, ALARAEEL (-6.1 ~ 3.6%0)

EROFENRENEEZ X LN, 2K L, W3,

W7 KONW8 TIE 7.7 ~ 15.5%0 & EVMEZ /R L, ~F

THAT 7T ENINSOMAENED L, FEPEE

¥ (3.1 ~23.2%0) EIRDFH-DIKE W EHEE ST,

—7J5, W4 KTEW5 @ §°N-NO;IZ 5.0 ~ 5.6%0 & Lt
WHIE S, ~FVE AT 7T D HREB S AR
FHEK (LR FAK:74~13.7%0) X0 HIE»-7=,
TS O & & ANRE T D kAL
BT 52 EMND, NOs-N ORI & L CIhm i
ENTALREEIOFEEN LY KEWHL O LHEERSH
Do
4. fEim

JHAEE ONZ B PEDNREANTAT IV TS E)I - 8 )1
PRIRIZ I T HH KD NOs-N {5 4L MR LKL OV R
SOWTHIHRETAZE% BRI, RN 8 HuSodt
FCHU R KKE R Z1TV, DL FORE a5,

*5 5T NOs-N KT NO,-N 2 B R e 4 1
[E1Y), B Rifgiskod 2 #15Tld 20 mg/L BL o
EVMEE R LT,

H T KO ARERL L Y 0°N-NOy D73 it B,
10 mg/L LA D NOs-N 23& HS 7 s ¢, Wi
AU ML ] S AT R R SR AL OB K S e
DS NO3-N D FE2R{HYLER L7 o> TN EHEES
iz,

Jie Ik PN D JE PR CER B AR EMR A X DR D
NO3-N &Y NO,-N MRSz Z&nn, 5#%50%<
O THUF KZEREL, RO KGN E2ITHZE
(20, #ITAKICHEITS NOs-N O B 454 % FEM 4
BT 5L LI, ZTOBHYERIC OV TR 544
ERH D,
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8 E D B FEIC BT AR B S 2 LB
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B TNOOBHLA I E D RED Nr &5kt 5L U CTHFSE
S TEY, FHIEFNRFTTHZENRETHT,
EFRAMMPGT-OT BREL LN I -/ FEiE s
LT, EBHR 7NV MDD, BRI VNIV NDEF
X, TEA (F72 038Rk, E22 L) OB RIEE ORREL
THREPICHEH SN ROSHEEE OB R ThH o, 1E
W AEPEDEEFR T v R Uk (N-Calculator 1£) 13, B
HBEEROTVORER~O Nr n2&% R~ T {ARE
F1%% (VNF: Virtual Nitrogen Factor) (23 DX B HX
AP, VNF S EEMO L EILHE ETOTat
AZBWTERE IS M END Nr &%, H# Nr & T
BRUTAETHOP) & [E ~Di i 25 A TV

ZZCARMZE TR, KR ORE =M BICBIT2ER
TyRNTVNEHE OB A EZ TG 5720 mEDE

FENEEICBI T HFAESE R OT —#—2{kL VNF %
DEMEIToT, o, BR 7TV RNHRTHERS
A% VNF 3 HL R AR A~DEFRAMHEIRE L THEITHD
DMRFTT H728912, VNF EilRERESE BIA DL B L O BIfR
[ZDOWTHRF LTz,

2. Hik

(1) ERHEICBE T DEEORET —ZDOINE, T —
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VNF B HEDEFRAMBEORFHIE T 572, K
WIROEZEMN B ICBIT i EDERENREICEIT 57
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GCHRIE, B AR LEERERL R MERE | P R B SR T
e . RIS RE ST AR E Ch D, 7 —
B AR— ZDWNEII TG, AT . TS .
R, SHEEEL, B FHID VNF FHE S —MNIfE
LU TR 2LE0IC, IRE LTI EZERR LT
(#1).,

(2) BEfEOFR& T — 2 lx 2= B AN O H

IWELI-E BRI T 27 —#_X—R& KT 1]
ITBLOSEMEZIT 723550 VNF ZEOS RS
filf A He 28 IR B D AL SO W TR L 7=, FEA o
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HWFzET LT, BENLE~O@EMAZ B OISR
HHHN TV BITEDLZA VNF ZDFEE R A
— CERWHEEZLEFEOIRE R E NET /LICLHE
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ABSTRACT

Residual fertilizer nitrogen (N) in soil represents a potential environmental contaminant because of the risk
of nitrogen leaching into ground water. Winter cover crops can conserve residual soil N. Soil organic carbon
(SOC) has various roles in producing crops and improving their environment. Cover crop is a potential
method for conserving or increasing SOC. However, the effectiveness of utilization of cover crops for soil
and water conservation has not been clear yet. This study compared dry matter (DM), N content, N
accumulation, soil organic C and N in different soil layers (0-2.5, 2.5-7.5, 7.5-15 and 15-30 cm) among
different cover crops, including fallow (native weeds), hairy vetch (legume cover crop) and rye (grass cover
crop) in soybean production to investigate the effect of cover crops on C and N dynamics in agroecosystem.
The results showed that rye had significantly higher dry matter than fallow and hairy vetch, and it also had
the highest N accumulation. However N content in rye was significantly lowest, there was no significant
difference between fallow and hairy vetch. Soil organic C and N content were higher in rye and hairy vetch
compared to fallow in each depth. Soil organic C and N content were significantly higher in 0-2.5 and 2.5-
7.5 in relative to 7.5-15 and 15-30 cm layers. These results indicated that cover crops can improve N
accumulation and increase soil organic C and N content, it should help inorganic fertilizer of farm.

1. INTRODUCTION International Field Agriculture Research and Education,

Lake Kasumigaura is a eutrophic lake in Japan. Because it Ibaraki University, Japan. This site was established in 2002

is important to reduce the N load from diffuse nonpoint for research on tillage and cover crop systems. It was a

sources to improve water quality, the local government split plot design with 4 replication, consisting of two

encourages farmers in the Lake Kasumigaura basin to
reduce their use of inorganic fertilizers through a soil

tillage methods, three cover crops (fallow, hairy vetch and
rye) and two potassium fertilizer input levels. In this report,

only one of the factors-cover crop was discussed for

nutrient management program called the “eco-friendly

carbon and nitrogen problems. Cover crops in 2016 were
harvested on 27" may, 2017 by using 0.25 m? quadrat
sampling, 2017. Oven-dried weight were measured as
biomass. Carbon and nitrogen content of cover crops were

farming system.” Cover crop is one of the management
method. Cover crops can reduce nonpoint source pollution
caused by nutrients and agricultural chemicals. In

particular, non-leguminous cover crops have been shown . ) )
measured by C/N corder (Samika chemical analysis

service, Ltd.NC 900). Soil samples were took in October
2016 by hand with a steel cylinder. The samples were
divided into 4 layers (0-2.5, 2.5-7.5, 7.5-15 and 15-30 cm)
for the measurement of soil organic carbon and nitrogen
by C/N coder. Data were statistically by ANOVA
(StateView, SAS Institute).

to prevent leaching of nitrogen into groundwater by
accumulating excess soil N in upland dry fields. Non-
leguminous cover crops grown in winter are an effective
tool for managing inorganic N in these soils in the spring
because these winter cover crops retain residual soil N
remaining after the summer crop harvest [!l. Legume cover
crops fix both C and N in plant by increasing biomass
production. SOC can be increased by elevating biomass

production, practicing crop rotation including cover crops. 3. RESULTS

The objectives of this study were to (1) determine the
difference of soil organic C and N between with and
without cover crop, (2) investigate the effect of cover crops
on N accumulation.

2. METHOD

The experiment was conducted at the Center for
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Dry matters were significantly different among three cover
crops. Rye had the highest value, which was 5.8 times and
3.3 times higher than fallow and hairy vetch, respectively
(Fig.1). Fig.2 showed fallow and hairy vetch had higher N
content, which were significantly higher than rye treatment.

As for N accumulation, rye and hairy vetch were superior



to fallow treatment. They were 72.38% and 55.34% higher
than fallow (Fig.3). Soil organic C and N content gradually
decreased with the depths. Soil surface (0-2.5cm) had the

highest soil organic C and N content. Significant
differences were observed in 0-2.5 and
1.2 ¢
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Fig. 1 Dry matter of three cover crops
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Fig. 3 N accumulation of three cover crops

2.5-7.5 cm depth in relative to the other depths. Cover
crops treatments showed higher soil organic C and N than
fallow in each depth. But no significant difference was
found between rye and hairy vetch (Fig.4 and Fig.5).

4. DISCUSSION
Rye had the highest biomass, the lowest N content, and the
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Fig. 5 organic C content in soil under different cover crop treatments

highest N accumulation. Even though fallow and hairy
vetch had significant higher N content than rye, actually,
the difference between biomass plays a more important
role in N accumulation. Dry matter and N content of plant
should be took into consideration at the same time when
thinking about conserving residual soil N. Biomass
retention results in higher organic C and N content in
surface soil (0-7.5cm). Rye and hairy vetch had no
significant difference in N accumulation and soil C, N
content of each depth. N accumulation amount may
closely connect to the effect of cover crops on soil C and
N enhancement. Soil C and N content were higher at each
depth in cover crop treatments compared to fallow (native
weeds).

5. CONCLUSION

Rye and hairy vetch had higher amount of N accumulation
than fallow. Moreover, soil organic C and N content were
higher at rye treatment and hairy vetch in each depth from
0-30 cm than fallow. Cover crops showed excellent ability
to scavenge soil nitrogen and improve soil nutrient to
reduce the addition of fertilizer input.
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ABSTRACT

The nitrogen removal equation for paddy fields is that R = a*C. Where is the nitrogen removal rate(R),
nitrate nitrogen concentration(C) and nitrogen removal coefficient (a). "a" is a = 0.00002* Temperature(T)?
+ 0.005 under light condition. This equation is an empirical formula obtained under constant temperature
test. We investigated the temperature of nitrogen removal coefficient for practical applications. The
investigation was carried out almost every week from January 2015 to December 2016. Investigated items
are flow rates (inlet / outlet), T-N concentrations and water temperatures (inlet, center, outlet), and soil
temperatures (at central part, 1 cm interval in the depth direction to 10 cm). We also used AMeDAS
(Automated Meteorological Data Acquisition System) temperature data about 10 km away from the site.
The results of the investigation showed that nitrogen removal rate was more related to soil temperature of
10 cm depth or the average integrated time temperature from AMeDAS temperature data than the water
temperature at the time of investigation. Calculating the nitrogen removal rate at this temperature will
reduce the error. Therefore, it was calculated by multiplying the average integrated time temperature of the
nitrogen removal equation by the temperature factor. As a result, the best result was obtained when the
average integrated time temperature (light condition) and the temperature factor 1.3 are used.

1. INTRODUCTION Tabuchi carried out experiments under two light
In Lake Kasumigaura basin, research on nitrogen load conditions in a temperature-controlled chamber. The
calculation in paddy fields/wetlands has been carried out nitrogen removal equation shows that the nitrogen removal
for many years. Because paddy fields/wetlands have
nitrogen removal capability, so examining the parameters
of nitrogen removal function of paddy fields/wetlands

soils is indispensable for -calculating environmental

rate has temperature and concentration dependence. When
we use this equation so far, we have substituted the water
temperature at the survey time into 7. However, it was not
a temperature considering the daily temperature change in

impacts. Tabuchi (1993, 2005) and Hirano (2007) the field.
proposed calculation equations for nitrogen removal rate Therefore, the purpose of this study is to show the
of paddy soils as follows. adapted temperature when using the nitrogen removal

equation in fields. We examined appropriate temperature
to use for the above equations and made the equation more

R=F:P-a-X (1) generic.

Where is, R is nitrogen removal rate (g m? d'), F is 2. METHOD
vegetation factor (range: 1~4), P is water flow factor

o . i 2.1 Test plot description
(range: 0~1), a is nitrogen removal coefficient, X is

nitrogen concentration. This research was under taken at the O area in Ami town,

i . Ibaraki prefecture in Japan. In this study area, there are
In addition, “a” is a function of temperature(T) as follow. upland fields and forests on the plateaus, and the lowlands

are paddy fields.

Dark condition : a=0.000011 - T*+0.005 ---(2) This study area has been maintained as an experimental
Light condition: a=0.00002 - T*+0.005 -(3) paddy field for studies of t}}e nitrogen rem9val for more
than 20 years. The test plot is a non-vegetation plot under
flooded in all year. The test plot size is 25 m * 1.4 m. Depth
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of flooding is 5~ 6 cm. There is no subsurface infiltration
in this area.

2.2 Measurement item

The investigation was carried out almost every week from
January 2015 to December 2016. Investigated items are
flow rate (inlet / outlet), T-N (total nitrogen concentration)
and water temperatures (inlet, center, outlet), and soil
temperatures (at central part, 1 cm interval in the depth
direction to 10 cm). We measured water temperatures and
soil temperature by the Sanitary Thermo TP-100MR
waterproof handy thermometer. We used a measuring
cylinder to measure the water amount. The inflow water
amount was the water amount per second.

We also used AMeDAS (Automated Meteorological Data
Acquisition System) temperature data about 10 km away
from this site. We calculated the average integrated time
temperature from the temperature data of AMeDAS.

Using these results, the nitrogen removal rate estimation
by the nitrogen removal equation was analyzed. The
nitrogen removal rate was calculated by substituting the
outlet water temperature, the central water temperature,
and the soil temperature every from 1 to 10 cm into the
temperature term in the nitrogen removal coefficient.

Inflow load, outflow load and nitrogen removal rate were
calculated by following equations.

Lin=Ain:Civ - (4)
Lour=Aour * Cour **+(5)
R=(Liv+Lz—Lour)/35/1000 --(6)

Where is, Ly is Inflow load (mg d), Ay is inflow
amount (L d!), Civ is inflow T-N concentration (mg L),
Lour is Outflow load (mg d™), Aour is outflow amount (L
d!), Cour is outflow T-N concentration (mg L), Lg is
rainfall load (mg d!), and the study site area was 35 m?.

We calculated evapotranspiration by Penman-Monteith
equation (Miura et al., 1993). We selected dates of day-
average temperatures (°C), the highest and lowest
temperatures (°C), sunlight hours (h), wind speeds (m s™)
from AMeDAS Tsuchiura. And we selected relative
humidity dates (%) from aero logical observatory.

Tabuchi suggested the temperature range of nitrogen
removal formal was from 10°C to 40°C. Considering
practicality in field, we also used other temperatures for
analysis.

3. RESULTS
3.1 Field survey

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

We collected 82 samples during two years. The average of
the inflow nitrogen concentration in the test plot was 5.4
(= 1.5) mg L! (Fig. 1), and the average of the nitrogen
removal rate was 0.095 (+ 0.130) gm? d'. The average of
water temperature in the test plot was 21.2 (+ 19.0) °C (Fig.
2). Also, the fluctuations in temperature and nitrogen
removal rate were similar.
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Fig. 2 Changes in water temperature and nitrogen
removal rate.

3.2 Analysis
3.2.1 The R? value

Water temperatures (center), soil temperatures and the
average integrated time temperatures were substituted into
Equation (2) and Equation (3). The correlation (R? value)
between the calculated value of the nitrogen removal rate
and the observed value was compared at each temperature.

When we used soil temperatures in both equations, it was
almost the same R? value at underground 10 cm. In
addition, when we used the average integrated time
temperatures, it was almost the same R? value from 14
hours ago. The correlation was the highest when using 10
cm depth soil temperature or the average integrated time
temperature from 40 hours ago (Fig. 3).
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Fig. 3 (a) The R? value between calculated values and
observed values of nitrogen removal rate when using 0 ~
10 cm depth soil temperature. -1 cm was the water
temperature. (b) The R? value between calculated values
and observed values when using average integrated time
temperatures.

4. DISCUSSION
4.1 Applicable temperature

From the results, we considered the soil temperature and
the average integrated time temperature was more
accurately for the nitrogen removal equation than water
temperature. Because the nitrogen removal equation was
obtained by a temperature-controlled experiment, it was
desirable to use a temperature with less fluctuation. The
value of soil temperatures (median: 18.6°C, maximum:
29.4°C) or the average integrated time temperatures (40
hours ago, median: 17.5°C, maximum: 29.2°C) was less
21.7°C,

scatter than Water temperatures (median:

maximum: 40.2°C).
4.1 Temperature factor

The nitrogen removal equation was an expression made on
the premise of substituting the temperature at the time of
survey. The average integrated time temperature or the soil
temperature is lower than the water temperature at survey
time. Calculating the nitrogen removal rate at this
temperature will reduce the result. Therefore, it was
calculated by multiplying the average integrated time

498

temperature of the nitrogen removal equation by the
temperature factor “D” (equations 7 and 8). As a result, the
best result was obtained when the temperature factor was
1.3.

R = (0.000011-(D-T)*+0.005)-X --(7)
R = (0.00002-(D-T)*+0.005)-X --(8)

5. CONCLUSION

From this study, we found the following.

1) The observed nitrogen removal rate was more related to
the soil temperature at 10 cm depth or the AMeDAS
average integrated time temperatures than the water
temperature at the time of survey. From this result, it was
found that there is a possibility that estimation of
nitrogen removal rate can be well estimated using
meteorological observation data even if there is no
measured value.

2) It is better to use the nitrogen removal coefficient in the
light condition.

3) When calculating the nitrogen removal rate using
weather observation data, a temperature factor is
required. This value was in the range of about 1.2 to 1.3
from this result.

REFERENCES

[1]  Takeshi MIURA and Rintaro OKUNO: Detailed description of
calculation of potential evapotranspiration using the Penman
equation, Transactions of the Agricultural Engineering Society,
Japan, 164, pp. 157-163, 1993.

[2] Toshio TABUHIL Yasuji SHINODA and Hisao KURODA:
Experiment on nitrogen removal in the flooded paddy field,
Journal of the Agricultural Engineering Society, Japan, 61 (12),
pp. 1123-1128, 1993.

[3] Toshio TABUCHI, Hisao KURODA, Akiko IKENOBE and
Mayumi HIRANO: Influence of flow rate on nitrate removal
in flow process, Jpn. Soc. Soil Phys., 99, pp. 73-83, 2005.

[4] Mayumi HIRANO: A study of light effects on nitrogen
removal capability of wetland soil, doctoral thesis, TUAT,
2007.



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

05-9

Verification of a Simple Watershed Land-use model to estimate the Net
Nutrient Loads from Non-point Sources to Rivers

Seiko Yoshikawa, Yuta Shimizu, Kenji Matsumori

National Agriculture and Food Research Organization(NARO), Japan

Keywords: land-use model, specific load factor, non-point source, nitrogen, phosphorus

ABSTRACT

The aim of this study was to evaluate the impact of land-use on total-nitrogen and total-phosphorus concentrations in river
water (R-N and R-P). The study area consisted of 13 watersheds covering about half of Hokkaido, and 12 watersheds
covering about half of Tohoku and those 12 sub basins in Japan. We estimated N and P specific load factors, which showed
the magnitude of the upland fields, paddy fields, forests and urban land-use contributions to R-N and R-P. The N and P
specific load factors were gained as partial regression coefficients using a multiple regression analysis of the R-N and R-
P concentrations and the land-use ratios in each of the watersheds. The results showed that The N specific load factor was
-2.4,2.4,0.1, and 39.8 for the watersheds in Hokkaido, 2.9, 9.8**, 0.49, and -6.8 for the watersheds in Tohoku, and 1.2,
6.7, 0.4, 4.3 for the sub watersheds in Tohoku for paddy, upland, forest, building site, respectively. The P specific load
factors were 0.08, 0.07, 0.02, and 1.4 for the Hokkaido watersheds, 0.20%*, 0.23**, 0.00, and 0.01 for the Tohoku
watersheds, and 0.15, 0.10, 0.00,and 0.80* for the Tohoku sub watersheds for paddy, upland, forest, building site,
respectively (* 5% **, 1% significance). The surplus-N (nitrogen applied to cropland via fertilizer without being absorbed
by crops) was found to be gently correlated to R-N by a non-linear curve with a contribution rate R?> of 0.43 in spite of a

simple calculation.

1. INTRODUCTION

Increased nitrate levels in drinking water, eutrophication
of closed water bodies, and algal blooms are all major
environmental issues in the world'4l. Tt is therefore
important to quantify nutrient loads from both non-point
sources and point sources. The increasing proportion of
cropland area in drainage basins has been found to be
strongly correlated with the nitrogen concentration of river
water®l. Woli e al.") employed regression slope, or the
increase in NOs-N concentration in river water (mg L) vs.
the increase in the proportion of upland in the drainage
watersheds (%), as “the impact factor” to assess stream
water quality. They also found a correlation between
impact factor and watershed-mean surplus-N (N applied
by fertilizer without absorbed by crops), except in
watersheds with large point sources of nitrogen. This
impact factor can be employed as an index of the land-use
characteristics of a watershed. Jordan et al.?! and Vitousek
et al.™.found a significant correlation between surplus-N
and N concentration in river water. Here, we applied a
simple watershed land-use model to quantify the net
nutrient loads from non-point sources to rivers.
Furthermore, we investigated the relationships between
the surplus-N and river-nitrogen (R-N) concentration, and
between the surplus-P (P applied by fertilizer without
absorbed by crops) and river-phosphorus (R-P)

concentrations.

2. METHODS

The study area was 37 watersheds in Northeastern Japan.
It was consisted of 13 watersheds (37,966 km?, 45.5%) in
Hokkaido Island, and major 12 watersheds (34,047 km?,
50.9%) with 12 sub watersheds (3,777 km?, 5.6%) as the
tributaries in the major watersheds in Tohoku district (Fig.
1). We estimated R-N and R-P specific load factors in four
land-use types (upland fields, paddy fields, forests and
urban), which represents the magnitude of contribution to
R-N and R-P concentrations. The watersheds were
delineated based on the datasets of a 50 m digital elevation
data (Geospatial Information Authority of Japan, 2001),
and watershed/coastal area boundary data (National Land
Numerical Information, National Land Agency, 1977)
using a Geographic Information System (GIS) (Arc GIS,
ESRI Ltd.) (Fig.1). Land-use ratio in each watershed was
calculated using land-use subdivision mesh data (National
Land Numerical Information, National Land Agency
1997) and boundaries of the delineated watersheds. Land-
use was classified into the four categories. R-N and R-P
concentrations were obtained from a database of the
Measurement Results of Water Quality in Public Waters
from FY 2000 to 2009 (Ministry of the Environment,
2000-2009). R-N and R-P concentrations were simply
averaged as yearly mean concentrations since the
measurements were conducted once a month at each river
mouth.
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We employed the model of Mochizuki et al. B! to estimate
R-N and R-P specific load factors for each land use type
using the following equation (1).

4
C=X ai x; )

=1
where C is the watershed-mean R-N or R-P, g; is the R-N
or R-P specific concentration for land-use type 7, and x; is
the land-use ratio for the land-use type i. The a; was
estimated as partial regression coefficients for the multiple
regression analysis of the 13 or 12 R-N or R-P
concentrations and the land-use ratios of the watersheds.
Watershed-mean Surplus-N was estimated based
on a statistical table of cropping area that had been
prepared for each Prefecture for 72 main crops
(MAFF Japanese food 2005),
application guidelines of fertilizer and manure for
main crops and data about nitrogen uptake by
cropsl® for 12 watersheds in Tohoku district. The R-N
and R-P  concentrations were analyzed in
relation to the watershed-mean surplus-N and
surplus-P by single regression analysis.

information,

3. RESULTS

The R-N specific load factors were -2.4, 2.4, 0.1, and 39.8
for the watersheds in Hokkaido island (n=13), 2.9, 9.8,
0.49, and -6.8 for the major watersheds in Tohoku district
(n=12), and 1.2, 6.7, 0.4, 4.3 for the sub watersheds in
Tohoku district (n=12) for paddy field, upland field, forest,
and urban, respectively (Table 1). The R-P specific load
factors were 0.08, 0.07, 0.02, and 1.4 for the watersheds in
Hokkaido island, 0.20, 0.23, 0.00, and 0.01 for the major
watersheds in Tohoku district, and 0.15, 0.10, 0.00, and
0.80 for the sub watersheds in Tohoku district for paddy
field, upland field, forest, and urban, respectively. The R-
N and R-P load factors were highest for urban in Hokkaido
island. The highest factor was found in upland field in
Tohoku district. The dependencies of the R-N and R-P load
factors to size of the watershed were not significant. The
estimated concentrations coincided relatively well with the
measured ones(Fig.2). The estimated breakdown of the
applied N and P as fertilizers for each crop are shown in
Fig. 3. Almost half or less amount of applied N, and only
small part of applied P were found to be absorbed by crops.
The surplus-N was gently correlated to the R-N
concentration with a contribution rate R’=0.43 (Fig.4).
This result suggests that the N applied artificially in
fertilizer to croplands without being absorbed by crops
themselves could be an important contributor to the N
pollution in river water. However, poor relationship was
found between the surplus-P and R-P.

500

Fig.1 Investigated Watersheds
left: Hokkaido 13 watersheds
right: Tohoku 12 watersheds and 12 sub watersheds

Table 1 Land-Use Specific Load Factors

Nitrogen Hokkaido 13 Tohoku 12 Tohoku 12 sub
& watersheds watersheds watersheds

Paddy -2.38 2.91 1.24
Upland 2.39 9.79 sk 6.71
Forest 0.12 0.49 042
Urban(Building) 39.8 -6.76 4.29
determination coeff, 088 P<OO1 | 090 P00 073 P<0OI
significance(P value)
Phosph Hokkaido 13 Tohoku 12 Tohoku 12 sub

osphorus watersheds watersheds watersheds
Paddy 0.084 0.203 ** 0.157
Upland 0.073 0.232 ** 0.104
Forest 0.015 0.003 0.001
Urban(Building) 1.37 -0.013 0.798 *
determination coeff, 091 P00 098 PO 089 P<0OI
significance(P value)
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4. DISCUSSION

The minus values of the land-use specific load factor mean
“purification” type. The values without asterisk include
uncertainty. However, roughly speaking, N specific load
factors for urban and upland were larger than those for
paddy and forest, and P specific load factors for urban were
larger than paddy and upland, and much larger than forest.
The N and P specific load factors for paddy and upland
were larger in Tohoku district than in Hokkaido district.
The reason that the surplus-P was not correlated to R-P was
supposed to be reduced from the large phosphorus
adsorption ability of Andosols which spread widely in
Tohoku district. In this and the previous papertI®],
we propose a simple method to determine the
specific load factors for different land-use types.
The model has a simple framework and does not
need special data. The model proposed here needs
at least the same number of watersheds as the
number of land-use types, and its applicability
could be improved in cases where the loads from
point sources are not large.

5. CONCLUSION

ccccccccccccccc

400
300
200
| | | |
0
52¢
3 E g

W P except in harvest (kg P205/ha)

flowers M

watermelol

B P in harvest (kg PZOS/ha):
(based on [5])

We propose a simple method to determine the specific load
factors for different land-use types. We applied the method
to evaluate the impact of land-use on total-nitrogen and
total-phosphorus concentrations in river water in
Hokkaido and Tohoku districts. The model was thought to
be useful to estimate the change in N and P concentrations
in river water resulted from land-use change.
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ABSTRACT

In this study, the impact of nutrient load reduction by precision water management was evaluated to improve
the water environment of Lake Inbanuma. Kashima district, which was managed by Inbanuma land
improvement district, was selected for the test site. Water, nitrogen and phosphorus concentration was
monitored at lino pumping station and paddy drainage. From the monitoring data, water balance and
nutrients balance were estimated. As a result, precision water management by automatic irrigator can reduce
65% of irrigation water, 58% of nitrogen load and 43% of phosphorus load.

1. INTRODUCTION

Irrigation water is essential for food production especially
in paddy rice, and much water was withdrawn from water
sources compare to other water use sector [!l. In Japan,
water delivery system for agriculture was highly-
developed and managed by land improvement district [?)
The 1st priority of irrigation is water supply to avoid the
water stress, however, saving a labor input for agricultural
land management such as weed control also the important
factor. Therefore, farmers want to input much water for
their paddy to save a labor cost [l. However, much
irrigation water leads much energy consumption for
pumping, as a result, water fee also increases. In addition,
increase of drainage water cause a much nutrient effluent
to downstream water environment!*I], Historically, water
delivery system in paddy agriculture has been supply-
oriented system. However recent innovation of field
monitoring or automatic regulation system will change it
to demand-oriented system. In this study, the impact of
precision water management by auto irrigator was
evaluated to improve the water management system in
paddy without the additional labor input.

,

Fig.1 Outline of study area
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2. STUDY AREA

For the test site, Kashima district was selected which was
managed by Inbanuma land improvement district and
having 46.1 ha benefit area (Fig.1). Fig.2 shows the
monitoring paddy fields having 6.48 ha. All of these paddy
fields were cultivated by same farmer group. Irrigation
water was pumped up from Inbanuma lake, and water from
paddy was drained to Inbanuma again flowing through
Kashima river. In this paddy fields, open type drainage
canal was not existed, and subsurface drainage system was
installed in all paddies so that all drained water, which was
percolated through paddy soil layer and overflowed from
paddy outlet, gathers to drain pipe. Inbanuma lake is
closed water area and eutrophic lake [©I7]. Therefore,
drainage water from paddy fields was one of the pollution
sources. Although drainage water from paddy have
relatively low nutrient concentration compare to that from
upland, drainage water amount is larger. Therefore,
nutrient load from paddy fields could not be negligible for
the conservation of lake water environment.

p— %
.| Tino Pump Station . B
/ ‘ HEaeS Drain pipe
d . o No.1 ; ;
= X
5, Aaws
WLG [ NI
A S

)
_ A
AWS: automatic water
WLG: water level gouge

Flg 2 Monitoring paddy fields



3. FIELD MEASUREMENT

To evaluate the water balance such as how much water was
irrigated, evaporated and drained, paddy water level was
monitored in hourly basis at 3 paddies by using HOBO
U20 water level loggers (Onset Co. Ltd.). Water quality at
lino pumping station and paddy drainage pipe was
measured in daily basis (at noon) such as soil sediment
(SS), total nitrogen (TN), nitrate nitrogen (NO3-N),
ammonium nitrogen(NH4.N), chemical oxygen demand
(COD) and total phosphorous (TP). Meteorological data
also measured at lino pumping station for calculating
evapotranspiration. Measured items were rainfall, solar
radiation, wind speed, air temperature, relative humidity
and atmospheric pressure. Rice variety was Momiroman
which was not for human food but for livestock feeding.
Observation period was from 4 /Jun/2012 to 22/Sep/2014
for 3 years, but only irrigation periods. A questionnaire to
the farmer also conducted to grasp the fertilizer input or
land management practices.

Fig.3 shows the variation of rainfall, paddy water depth,
TN and TP concentration of in and outflow at paddy field
during observation period. In 2012, paddy water depth was
controlled relatively deep, so the amount of drained water
also became larger than 2013-2014. Much drained water
leads much TN and TP concentration in 2012.
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4. RESULT AND DISCUSSION

The pollution load through surface runoff can be reduced
by controlling the surface drainage water volume (I,
Such water management leads water and irrigation cost
saving, and pollution load to downstream water
environment also can be reduced. For saving water and
farmer’s labor input, automatic irrigation system was
developed and introduced in some irrigation district.  Fig.
4 shows schematized description of float auto irrigator.
Farmers just set the target water level and auto irrigator
supply water until float level increase at target depth. In
this study, the effect of this auto irrigation system on water
saving and nutrient load reduction was estimated and
compared with conventional water management case.

Fig.4 schematized description of float auto irrigator

non-irrigated @ Rainfl

period

>
ll..l JL

o Water Depth

O IN A OUT

Seser

13/09/2013 22/12/2013 01/04/2014 10/07/2014 18/10/2014

Fig.3 Variation of rainfall, water depth, TN and TP concentration of observed paddy during irrigated period (2012-2014)
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Table1l Annual averaged nitrogen and phosphorus balance in irrigation period during 2012-2014

Nitrogen Phosphorus
Conventional with Auto Irrigator Conventional with Auto Irrigator
(kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%)
INPUT rainfall 7 4 7 4 0 0 0 0
irrigation 39 20 15 9 8 12 3 5
fertilizer 154 77 154 88 58 88 58 95
Total 200 100 176 100 66 100 61" 100
OUTPUT  surface runoff 26 13 0 0 4 6 0 0
percolation 10 5 12 7 3 5 3 5
harvest 101 51 101 57 19 29 19 31
removal, absorbed 63 32 63 36 40 61 39 64
Total 200 100 176 100 66 100 61 100

From observed data, water balance was estimated during
2012-2014. At the monitoring paddy fields, 2045mm/year
water was pumped up for irrigation and 53% of supplied
water was released by surface drainage from paddy outlet
in current situation. Therefore, there was still large
possibility to save water by introducing elaborated water
management system to reduce surface drainage water [*1,
With installing auto irrigator case, the water saving effect
was about 1335mm (65%) and energy consumption for
pumping also can be saved. As a result, farmer can save
water fee which farmer pay to land improvement district
for the maintenance and operation of water delivery
facilities.

Tablel shows annual averaged nitrogen and phosphorus
balance in irrigation period during 2012-2014. Generally,
in the conventional paddy field, 90-120 kg/ha nitrogen was
recommended in food rice cultivation. However, much
nitrogen was fertilized in this monitoring paddy compared
with conventional one. Because, in feed rice cultivation,
farmers do not need to pay attention to a taste of rice,
therefore much amount of fertilizer was input to increase
the rice biomass. In addition, farmer can get manure in free
from livestock sector by exchanging the rice straw.
Estimated nitrogen and phosphorus loads from paddy were
36 kgN/ha and 7 kgP/ha. In Inbanuma watershed, there are
7,370 ha paddy field so that about 265 ton nitrogen and 52
ton phosphorus were flow into the Inbanuma lake from all
paddy fields. With auto irrigator case, nitrogen and
phosphorus load reduction were expected as 21
kgN/ha(58%) and 3 kgP/ha(43%).

5. CONCLUSION

In this study, field monitoring was conducted to grasp the
current condition of water and nutrients balance in the
paddy field. Large amount of irrigation water and nutrient
fertilizer were inputted in monitoring paddy of Kashima
district, because feed rice was cultivated in this paddy. And
high input of water and nutrients leads much effluent load
to downstream water environment. Recently, feed rice
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paddy area is increasing under the governmental
regulation policy. Therefore, water pollution in closed type
lake may become worse if feed rice paddy spread widely.
Auto irrigation system is effective to save irrigation water
input and pumping energy consumption and to conserve
the water environment without more farmer’s labor input
for water management.
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ABSTRACT

Imbanuma at Chiba Prefecture has had a serious problem of water quality deterioration in recent years. In
order to improve the circumstances, cyclic irrigation is proposed to be one of feasible measures. In a cyclic
irrigation system, drainage water discharged from paddy fields is pumped and reused as irrigation water.
Cyclic irrigation is expected to decrease the nutrient load because it decreases the amount of water flowing
into the downstream lake, and because some of the nutrient in drainage water would be returned to the
paddy field. The purpose of this study is to evaluate quantitatively the effect of the cyclic irrigation system
on the nutrient load for Imbanuma. Three research approaches were conducted in this study. First, the record
of the main pump and the map of the drainage canal network were analyzed. It was revealed that fifty-one
percent of the total irrigation water was reused and that fifty-seven percent of paddy fields returned to the
main pump. Second, a water movement model was developed which consists of tank models representing
the paddy fields and the background catchment and a drainage canal model. This model roughly reproduced
the observed water level in the downstream drainage canal, but further improvement seemed necessary.
Third, the relations between water quality and precipitation of farming activities were analyzed using water
quality data observed monthly. It was suggested that more frequent observation is necessary to clarify the
water and nutrient movement in the system.

1. INTRODUCTION

Imbanuma is located about 50 km east of the center of
Tokyo. The total water surface is about 9.43 km2. The area
of Imbanuma basin is about 487 km2, most of which had
been covered by forest and agricultural land but is rapidly
urbanized recently to have population more than 780
thousand within the basin. The lake is well known by its
deterioration of water quality in recent years. As one of the
options to improve the lake environment, cyclic irrigation
was adopted for irrigation to paddy fields surrounding the
lake and started in 2015. In the cyclic irrigation system,
drainage water from paddy fields is pumped from the
downstream drainage canal and reused as irrigation water.
Cyclic irrigation is expected to decrease the nutrient load
to the lake because it decrease the amount of drainage
water to the lake, and because some of the nutrient load
may be consumed at paddy fields.

The purpose of this study is evaluation of the effect of the
cyclic irrigation to paddy fields on variation in the
discharge and the nutrient load to the downstream drainage
canal

2. MATERIALS AND METHOD

2.1 Research field

To construct the new cyclic irrigation system, many old
pump stations are consolidated into new six pump stations.
Two of the pump stations have been already in operation,
and the others are under or before construction. The area
whose irrigation water is supplied by one of the two pump
stations in operation was selected as the study area.

2.2 Analysis of irrigation water

The operation records of the main pump for the
cyclic irrigation was analyzed, referring to the
irrigation pipe network to each paddy field plot.
2.3 Making hydrological model

A model which represents the water movement in
the basin during the cyclic irrigation was proposed.
With pump operation data and meteorological data
as input to the model, the variation of the observed
water level at the downstream drainage canal was
acceptably reproduced by the model output.

2.4 Analysis of water quality
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The relation between nutrient concentration variation in
the drainage canal and the occurrence of precipitation and
fertilization was analyzed.

3. RESULTS and DISCUSSION

3.1 Analysis of irrigation water

It was found that the drainage water from 57 percent of
the paddy field area receiving the irrigation water from
the pump returned to the pump again and that 51 percent
of the total irrigation water returned to the pump to be
reused as irrigation water again. To compare with
former study of cyclic irrigation in Japan [, this ratio
is higher in such irrigation system which is adopted for
environmental improvement.

3.2 Making hydrological model

The 2 layered tank models for paddy fields and for
background basins and the model of the downstream
drainage canal was adopted in the model.Figurel shows
schematic diagram of this model and parameter values.
This model has two features. One is that height of hall
of paddy-field-surface-tank is available according to
farmer’s water management. The other is that drainage
canal is connected with ground water tanks of both
paddy field and background. It interpret that water in
drainage canal and groundwater has relationship, if
water level in canal come down water will flow from
under-ground by water level difference between canal
and under-ground.

It is admitted, however, that there is still some room for
improvement in the model structure as well as the model
parameter values.

3.3 Relation between T-N concentration of
discharged water in drainage canal and rainfall
N day cumulative precipitation is cumulative

height of rainfall from sampling day to N day
before sampling day. For example from following
sample in Tablel, each cumulative precipitation is
displayed like Table2.

Tablel, example data

Date Rainfall(mm)
2017/5/4 0

2017/5/5 5.3

2017/5/6 11.5

2017/5/7 0

2017/5/8 4

2017/5/9 0
2017/5/10(Sampling Day) | 0

Table2, Each day cumulative precipitation of
example data

N day Cumulative
precipitation
(mm)

Three 4

Five 15.5

Seven 20.8

Figure2 shows that relationship between three,
five and seven day cumulative precipitation and T-
N concentration of the samples. One sample data
is stacked with as day is increased. From this
figure, we know that there is no point plotted at
where both of T-N concentration and N day
cumulative precipitation are high. And point are
gathered in where value of T-N concentration is
nearly 1.5mg/L. So we discussed T-N concentration
is attenuated by rainfall.

L
Paddy Field 0.6 0.4 Back ground
Surface ' Surface
Tank Variable 5mmI Tank
! | 0.02 | ! 0.05
Paddy Field ) Back ground
Groundwater Drainage Groundwater
Tank Canal Tank
0.02 0.01
| | | |
0.0008 0.0003

Figl.Schematic diagram of the proposed model
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3.4 A comparison between irrigation water and
discharged water about T-N concentration

To compare between irrigation water and discharged water,
T-N concentration of discharged water is lower than one of
irrigation water at most data.(Figure3) So it can be said
that paddy field in this area can reduce the T-N
concentration of water. But at this analysis it is not considered
that there is time lag between flowing into paddy field and draining
off from paddy field.

4. CONCLUSION

This research’s conclusive purpose is to reveal movement of water
and to reveal movement of water quality.

But sampling in this research was done three times in a
month at most. For this purpose sampling should be done
more frequently.

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018
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FIAR N EDRNAL & 35 H Pk #E (Fig 212K 2R &
0, BEAREE Fig. )k~ T, HAMR) Ik SN 5,
D TR THHZ LG, PSS I3E D DUt
KBEK DT, BRE KN ERBZ DEEENTDHZLE72D,

K HETLE KRS L, 8K, —EKHEEKEIC
HrKRSH, D% E S THEKHBESZICE LT, H
HKIFZRATTA NS TEY, HAKRDBEKDBEPET
DOHERKDIBANTIZIZHEIRRETHY, FAR)I D g
0 B A7 K E DRI FTRE CTh D, Fio, itk
BERXANO A FIZIZIEKBTHY, —4, ~AHEE
WEAET 5, BNTIE, BEOEELHY, GO LIY
FIL, BHEPK, T T AEDNRET D,

B D K 4V K, KBS, STE
HEKBESH T, KfLE EC Dt =2) L 748 2 3%
& L7z, KALEF (Onset £, Hobo U20L 04), EC FF
(Onset 1, Hobo U24-001) % K M 47T ARG &4
TLEHE AR, + FAIGITIXEC RO AEFRE LT,
WIEROKRKIERL, SiTEde kS CREL,
7o, R TBEEIZ OV, G OE A #HE
Lo,

S YL HE K% 35 o P K AR A R 13K i FE T
1,670ha, itk L CADHE 2,020ha 2> TWDHA, K
H RS DB LEEE RS ETo7ry 71X, 0
250 930ha ThH D, Wil L Tlid Google Earth Z >
THMEZRIELZEZA, 980ha TH-T-,

RET—21%, BREICOWTIRETFO L FIR]
BLAIFT, RBEBEOHEE DD DIEBIZ W TR
W (BEEF) )T —H&FIH LT,

OKEEHIZOWTIE, B, VAAZHO0TH 2 4
AlC—ROHEETELZ, EBLLEHGITBNT,
~=a 7 VTERAKL, RFEOFEBEIRIZTOTEIT-
oo BRIZOWTL, 2EFH, 2V o0 TIE
JISK102 [ZH¥E#LL 72 5112 T YL EE EF (UVminil1 240,
Shimadzu ) THIE L7z, MHEEREZE R, VR 131
G ra~<h57 (HIC-SP, ShimPack A3, Shimadzu #t)
ZRWTHEL,

SILHEPER SO K H KIS ETCOTry /%
—ODEFREL, KL, WEIN S & RO D, HEREIC
BT, BE, #EEHKEZIRALL, AT HE,
PG EZRHL RO, MALTRHO 21325 L
720, 7ayNTORFRESH LILRMER (T iREE
TR ) S LT . MBI, AR A, Bt
HIZKEHHE AR TRDD, AL T, EC I2FH
LCEC A& (TTvIR) DI & RD D,
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AS =R+ In—ET - Out 1
ZIZT, AS IEmEATRE 0L B &, R IXFERNE, In (3K
KBS, RSO AR (m3/d), ET 1374
R, Out 1T TLHEPEKIEY & (m3/d) L7205, BN
5, R HEIY (mm) THHR 7 1y iHFE 980ha & T
UC, WEICHE LT,

ERO#EFEE T, EC Al (7T7v7R) DILK %
Kbi=,

AECL = ECLin — ECLout (2)
ECLin=R-ECrain+ Z[n -ECin+ AS - ECavr (3)
ECLout = Out - ECout (4)

ZIT, AECL 137 vy NOTE &4 %, ECLin,
ECLout (XPRANEAT, WA DA CTéhd, ECrainlx
BeriD BEC, ECin (X8B3 ORI ESIIZ BC, ECavr 1L
ARIT BT my b Dfit A EC 2R T 705, HIEMR
DOFREDOHIR L, AENTEITED EC OBIEYfEE
Mwna,
3. ™R

ST KIS OKAL & E COEERERZ25RT,
SVLHEPERBES L, YA IR O 7o O F R K 23T
NTEY, KNEBEE TR ZD onloff HIEHNTTHIL
TWD, 2D, BBEIZR Y T REKER KT 7=
W, KMUEENIFIC ETZEVIELTHDRETH
Do 0¥, BILEPOKESICBIT S, EC OZE#)T,
FEWEN IR U, FEREMEINCEE R D 23 8 » 7,
FRlZ, 1T AN EC @V EEZ R L TWD 23, Zih
1%, BERAD 72N oik 6325 EC E4 A
Rz enTEeroTnlndEEZLLND, 2016
12 A5 2017 4F 1 A2/ To EC o0& #) L &
RHEORFE AL &, BRICEVAREINTWHE
SRRz sns (Fig2),

SRT Yy 2T LT, KNSR EBE L2, A
I, 2017 £ HFEMR&E, HARBE (U~ rEVT o

ECiuS/cm) -— A 13 A% A [mmyhr)
1,200 I | ' ] o
oan | :
800 W "L_,
£00
&
400
200 .
0 10
1 168 337 505 673 E41 m.}r; 1177 1345
016 12/1  12/15 122 2017 1f12 1126

Fig.2 &{THAEE O EC £ H) & il
(2016 4= 12 A~201741 A)
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Fig.3 Hi/k7 1 v 71281 BAEMKI K
230, KH, 3, EILEOEKEEZZENENRD T,
KOZEDND, FRIBHENELD, (KFHTH I T IRE
ELTOERIIEHETELEE 2, ERNDOMAREEL
TEZ, Fig.3 l[ORTHRNMEONTZ, £, WEIL L E
LI Table2 OfE RN EHIUT-,

IO ENRTONE, ECIE, KFIZET HIEFRE
A X OEREEZMRRTIEIETH D, #EMHIZ EC
DY 7 7 > 7 AR L= 01X, K HE OREEPEX
FHEUT, A4 ORENHEIZWAE L, £7-M4EIC

Table 2 EC A fifl 3 OHEE
HAZL (1028 m?)

FA(ECL in) TR (ECL out) E (AECL)
b3 Pl
mman Akan D00?  srean  JovsREBREL
IJILlEﬁ
. 357 5,659 9,989 18,815 -2776
FHYEC 30 -7.61(H %1-Y)
LA 122 5,643 4,230 11,090 -1059
(4R1B~9R156)  EIYEC 30 EHEC 529 -6.92(H&1-Y)
IEERE 235 15 5,758 7,725 -1715
R, FHEC 30 TFHEC 661 -8.09(H %7-Y)

L AWINATTAEZDEEZLND, Vb5, K
HOEAVEENRREINTZT2D L EZ LD,

4. TFUFHHT

WBE ISR AT 22 501, TEERTRIE 4 100% & RE L,
T8 R TEIME A& T2t L 7= BR 0 BB & fif &2 & HEAKOKE D15
W EAEEFEE L, 20, ARG OftE R
T, HEAKBESG O KTHZETERTENRI L
7o VI D EC Oy HIRI A8 BRHEWE o 3 FH AT &
FAUTHDLEREL, =7 BALDY N R—%HNT
Pk EC #RKd7-, HIETX %5 EC AffalL, #
BEINCIE, FEERTERED WG -G HTRIAR ) TS 5
LA RO 64% (20.3 X 105(Sm2) — 7.3 X
105(Sm2) ) THh -7z, WETHHE L THH 45% D%
ERBoNDZERENT, —FH, T ey 71
BfANEITLSND 720 EC O ERIE, T 1.8 %
(A EC, 528 (1 S/em) —971 (u S/em)) & 72
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I (10°5m?)

30

m g L iEmEY

ERBOD i
Fig.4 FEBRAEMIC X 5 EC AfarHlJ &
L EPIRS T,

5. fEE

UL B2, TEEREEC LD 88 71~ EC DALt Hll I
BERL, R, T 2y 7N TEDRRE BC 23
INT NN TRTZENTET -, BEOEFIL, EC
DR WS, HRED ERAZREL, IESHE K
FIZD7eNBEEZDHZEND, EC 23 ER/-3 5K
IIRPEERFEREOE L, LB XD, TRERIEEZE T
FHZEIZEY, Erilickt T 28 b RIT/ NS5
OO, KEDOFKIERELL TZIF ANLNS EC 5T,
TEER A 952 81%, EHATRETH D,
SBEOBEELT, fEERIREL EC LD TOR—F
F7BURE R LD, IRRMELIRS 7562055
2T, Fio, BEC ICHEEND T AU EREEL, HE%
SIS T L IZHDINEINERETILERD D,
EC 11EGE=X UV INA[RETHHD T, TDLH7eT
FA L DzEHE EC OEBEDOMICBEMEZ R E T 11
X, U7 B A LOHIBNCH DR AR LN TED,

5| F TR

(11 &AsE—, [INGHEE]) TEEREN, BEEEA 1T858, Vol
73, No..4, p297, 2005

21 R AN, B RTE, =8 H, KRR OFEER NS
AT BT X DARE RS, BRECHEIH, Vol. 35, No. 8,
pp.558-563, 2006

[3]1 ¥ B, hR AN, =B B, BRI A TR 5 Kk H
PRI DR« U L OB, BERER T i,
No. 250, pp.91-97, 2007
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KIEFHZIIT 5D GNSS BT > A HRERE 2T A U7 /KR R KBBR8 D
\BER OB R E (DGNSS BT AN HAERE O HEYL K A5

R Et, Rk N7, gk HEh®, FRRk HERR®, dTpk IE°, AR BREC, BRI 1TERY, RiE ERS
! EEAIERRS - LR AT SE o 2 —, P BRI IR ERERURR, PR IRSIREE, A KIRAT

X —TU—R:GNSS, HEhEAE, KfE, MR, MK

e
K IR TR 0\ BRI TR M A7 C 5 J\ BRI CIE BRI e TP oD B B2 P K0 E S LS tE A | B
A OB L 725 TD, RDEHOWEKZKBLLHEH L2 T VTBRE AR OREA K ONLEE 2 i
L7280 KISFZ RTKGNSS O HHEfR A% &L . GNSS [EHET VAN HfEHIZ LY~ —H—72 LT, #EV% /K CTHIEZ A
FEHAT T FMDINEZATITEMEREE £ 5cm ZIEM TE ., JHA L — 2 OVEER B ITHR BD RV RE1ED
NIz AT OREEEIZ DWW T &K 30, 43mm Z V57K LIRS TRERR | FEAHTRIZIBETT OB KA & [F 5%

Tz, o MEITEA~ATKTRAEB I RS ZKE DK T b2 -7,

1. LIz

54 FRNCEAESE 2 OMEEEL R 72\ A
THRU CRIBATDFEAL | BEFD 48 00 IR FH 235
Folz, NENBOERIFTHL\EIL, AL ED
/512220 RAFEOFHRHLO B T LD AEFR 73 & DA
ICEVERBIODPHES, TA DO KEREREOMEE
FlEEZL TS,

HEZ BT O R EAEFET, BHE®% OKH T L34 #
L, T U CHE FIREZBI TR ETZDHRT
VVRRBICL . B X S feii e RS2 B 5720
(3RS 5, REHOKED EEDOK(REK) I
IRAEEHR 2 8N E ENCVD8, 2 ETO FAE X AE
ETIIROEXITROBEBA T 5 ~— 0 —ix H
AT HMERH Y | AFERNTE K EPEH

(HAK) LTw—h—z2F7 < LTWns,
Z DR E KD NESIA~TEAT DZENE K ED
R D —2>ThHHEEZLNTEY, RNERITEAKL
RTIUTTRA T DR 2 i 3~ 5 L3 T&E D, L
ML, WKL WE~—h—fZ2F75Z LT
TN, THETHEK LW TBIEIEEX AT
5 Z EITBEIN TV o T,

AR 7o TR AR U Canig B LA & 1
EFFHZEINTED RTKGNSS A F i L7 B St &
DO METHALHEE Z PO K L TRY ., #HFRO
KHEHHETHL B AShOOHD, REEDIT, 20
GNSS H Bt iE &2 RIS 52 CEMbE
ICEHEEIT CXAZENS, ~— W —RETHEAKTHZ
LIRS P REL T DN B s 2 C& 721,

AWFSEClE, GNSS B Bififie 2 i 225 75 U 7= Ak
(GNSS EHET T ANHKERE) O I KB TOVEZENE
REAMETL, EEN, BEEESEEHEL-OTHE
95,

2. Hik

RTKGNSS D HHEF 2 | K H B RIBFHZH DK H
NERFRIEF voSAEH R E (4 30m) 1R &
L. &EHERNSORMIERE 5% bW H 0T 2 2 L5
RS TR 2SS Lz (1) . GNSS BT
Z N A DA EZE I DV TIE, HEUE RO B R
BiEC 2km FEFEBENTZITES A, Skm FRFEBEN -1 B,
3km Fe A2 C T(X 2) AFH 17ha DEFE
AT T,

GNSS EHE7 AN HAER (X 3) 13, K #1848 S
FEREIC T Y H Bt ILE A 2555 LT, RYER)»
SOMIEE 5222 LT+ 2em OFEE TR 5280
T NLEFROIEZDHELT HFALOBARNS RIRFIZEFHAIL
BE AT TV TN D T —2—Z BR8N L C H BhiEit 4
112770 BT FITHEAE DT DBAE /T A— 2 % i
L. BFEOEIE CIEEEI T2, (FEEOBEERITH
BT, FERIB L OGN E ORI 43 1L F B CTIEEETT-
72, GNSS ZAGHEN O I SNANLE T e T —IZ5
FRU . VE¥ERZICT — X %Z U CIEE B O K5 B & 5F
L7z,

FEHRS B B L OUKRRAE B ~D 2T, KA i
DA, BITGTHAELE, 1T, INHERZ I E, XK
Ep LR LTz, K IR, Wb 3RS £ (5
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FA1)THY, KHEIL A 1T5ED 1.2ha, B 1ZH73 2.5ha

)
I

DKHTH-Tz,
|

Bl1 RTKGNSS 0E#fF (EHEHEERL)

[ MR 0 2 L L C AR
K2 REISHOEE

GNSSForr &g =) i
g e B —

B3 GNSSE®#ET X Bk

3. BWRRUES
GNSS [EAET > A ka2 M L 72 A R AR

D, 13 B TOEBEEEOMBI 4K 4 [Z/EEDIR
WA 51T, ITRRIEOEEREEZRAELTZ &
2 A, TERE OEZERARE R 10m Z2FR< & EAEE
FEREE X £5em, BRI b DR AT e FEHF
FHR (RMS) T2cm Thoto, FHENENEZAT
[X*=8cm f2fE, RMS Tdem ThHhV, v—H—N»hH
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ZIRVRIL TS+ EN T L (R 1),

4 GNSSEET 2 - B /EELER

5 BIZHOEEMEIEEEKBIEIERE

UL, #HEOM MBI & o Rg 3 —
TRWEIITTHZEbH Y, EREEEDT-DIC
X —RIEHOEFEALETH L EEX BN, £
72 B 1FH IR S O BERRE 5 28@ )i Tl
MREENMETT 22 E03H 0, BHEEOM TR 3%
BT o7 T omE%a#) Im ERSESL L, T0H%D
TEEIZBWTE S OEBNII R e o Tz,

GNSS HEEAEZFIH L2135 A B X ONEE B (2
B2 EHEABHOBMERSE X, ThENEAK LA
VKR 43mm, 30mm D 54T KB 0.7%. 0.3%.
FE Z AHT 33mm., 38mm T - 72131, MK AE
(XERFEHE & [R5 OREE CRAEE R AR CTh o 7
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®1 BREBIIRBITLEET VR N HEBROEEEENME (m) #

TR 3 4 5 6 8 9 10 11 12 13
BXIE 0.04 0.05 003 0.03 003 0.04 0.02 006 0.03 004 0.02
B/ME -0.05 -0.03 -0.03 -0.03 -0.03 -0.03 -0.03 -0.04 -0.02 -0.03 -0.03
) 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00
RMS 0.02 0.02 0.01 001 001 0.02 0.01 002 001 001 0.01
Sem ANDEIA  99%  100% 100% 100% 100% 100% 100% 97%  100% 100% 100%
#2 ASHITRIT A BHEREOE &M X HTRBER]
BHEEOE FHIEFTKE HEA A H HEA AT ITiE KR
BX XE RXRE SD /B SD cm sSD % sD
(em) (FE) (mg/cm)
EZEK 12 28 156 43  (0.76) 54 (0.84) 33 (034 0.7 (©.21)
&K (B1T) ' ' ' - - 47 (0.55) 29 (0.55) 06 (0.28)
1)FBHEES DA RS- 4B A A1 . BIEEKRIL6H SO T I9IE, K E 210008k < 65 S0 F19ME.,
#£3 BIIRBIIRBIT2BMEEOE LM HITRER]
BlEEOH BHEE KR AR WAATITE PR
AL R RRE SO A/ SD cm  SD %  SD
(em) (ZE) (mg/cm)
A
ltrgjk a 104 36 933 3.0 (.14 88 (1.01) 3.8 (0.64) 03 (0.26)
&K (1BfT) - - 8.0 (0.38) 3.7 (0.29) 0.2 0.21)

VB OHE A RS - B A 1. BB EIR e O FI{E. REHEE10008 > 6 m DT ISE.

D% DOEIEKBHEOET L, HABRE K& 72
X720 T, Fio, ERIKBARIZ & 2 PEXIIIE T,
A 13 63.3kgla (Hb&7-2FH). B I3 64.5kg/a

(FFAFEF) LIBITOREAKBREIIT DK TIT
<, ZRME BIEITLERIETH 2P

4. fEiw

KIEFFNIZ RTKGNSS O FEUER 2% E L, LR
&5 2~5km BfERL- K EICIHWTEEF OERES T GNSS EH
T AN I LD AR FEEZ KT 22 872<
117 MO XNGFT CIIMEEREE £ 5ecm LA CTE
HETE, HHEOWRREIC Lo UIMEERENME T 52
EMB T, FHEROOEENTZ K TIE, MiIEF 5 2%
BITH7 0TI NEE ST HIETLREL CTHIERE 5
AR T DHIENTET,

IV KBAREVEEOEZERE L 1T, K 30, 43mm Tl
RIRRITZINZI 0.3%, 0.7% CLIBITOWE KBAE LR
EThoT, BB OKTER L, EITEAZE T

NERLEZK MBI T iEAbN T, RIFRREREE,
RINEIKRE KU IWEHENEZE D BR BT A AT I F U
KRIZT,

51 F Tk

(1] EYEw, BBz, mrEid: 2EEo sibEiio
Btk & SR ~ O WIFE, KR, 84(8), pp.681-684,
2016

[2] RE¥E, e A, TERAEE, IR, [LARTR S, &
TR=EJe KA ELH K EIZE175 GNSS (E i HAr% o it
VKB O/ESEMREIC O W T (), BEE T %A

DEEE, 2018.9.(AETE)

[3] Inpleeth, MERREE A BEEAER, RUGEM, RIGER,
A IRE DI 7K D7 HE A3 KA OAE 2 AT REEE & WAL IS
FAF 5228 (508) , HAVEW 50 246 [RIREHZS,
2018.9. (AF T7E)

(BTN AR S B o 7 — THOET RO B B 58 - B CUe
B3 (OB HUBEkIg 7 m =78 | O R% =TT -
T, )
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RISHNTIIT S GNSS [HHET 2 AN a2 15 H L 7oK ARG SR K AR
DN OBREI S E OBV /KBARIZ 27K F4HE A e H BN R

UTiE I, RU EC, kR BN, IR RE C, ZREE HERRC, BRIR AT, R =R
VRKRRST R, R - L R T 2 —, PRI IR R ERBRYS, TJA RIBAS

F—U—R:KH, AfrEIE, GNSS, HffE, MK

JNERIS 4R 7 A1) O\ BBA) 13, 2SR B fif D 52 %8

TERBICDET UBET A 2035 AT /K E TG

EADMBMEALL TOD, I~HEH SO AR 5 AICRE, EEREILHEALZ B ATO RS % AKIZ LD EE KD
HICL AR R SRO DI TE T, AW TIE, HAFEHEIZ GNSS ICE DB T S AMERER 1L 5 T HZ L THIREL /2D
VL KB TR AR 2RI CE D225 15, GNSS 7V AMEREICID~—h— N RE LD X
K% RAE AT KE TR ACIRIE TRBAE T, K PR AR O /2 D, ¥ HAGH R IR E S TODLRR
B R TR K H T, GNSS BT AN A Z O EEE K BBREZ AT\, 7K B R B O3 2h S i b
WCHE LT, SRBRAEORAERE O PEH MBI K EIT 25mm 2 TH-7203, AR TOENS 5 A OF 75 [HEH
A EOEFK 22%., VoK 19%., SS K9 18% DHEHHIKIZ 225 LRF S 417z,

1. 1IT®HIC

J\ERIE T M7 O\ BRIS) 13 2 ik A D &
B LIV ERBAENERICETUEET A a3 3
T AR EIGE B EME ML LR EWIE I ES
TUND, it H K RE SR J XA H8 T S Tud BRI o e
T ¥ (R B AT) o 722 51 HF & far & 23 E S
1.0x10°%km* DK & TefifE 1.564x10%km” O T4 H17>
5. 23 (N)ITKI 3x10°kgly, V(P 6x10°kgly. B
W (SS)2x10'kgly DHEH A DB LV HIBI LI,

25 H ORDEDSHARRHCE P LIZHEH S,
TH.8 HDT A adDREITKRELEL TWAHIZ LN
BRINTWD, BREAIEAR S ROk, vz (b
Bh1EZ B BIZ, RZZITH 10cm OFEACIRIE THERF
IS4, 7~10 H#% O BAEZ f/ B ISR RIS RS D,
SRS KD B BT ISR O ETRE~— B —IC
FOPEMmICEE LD HAE I LD a2 2 M @2 D .
BRANZATHZ L TR E A 38— IC L QB2 2 AL
THZEZDHD, ZOE KD REIAMFBAEZERK -
TV (X 1),

GNSS EH#ET AN HAEHIZEY, Bk, 1E3
PN B DOFEAR « 1] _ESHER SN BRIz CT~v—7
— RECRNE WK Z HAERTICH K T HEKIREET
BN CELZENE, KHEPEHAR OMK B3 HIFEF X
Do FZ TR R T Lo K BIZ5 T, FEERIC
GNSS HHE7 > AN H AR A OB KB 21TV, K
FH HE B AT B O 280 SR A i B LI B LT,
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1 FRFFHHDE I\ ERF~DE /KD FE H
(2004 ££ 5 A AR\ BHREXIEERE)

2. HiE

ARERXEL T, 2 X (41355) . 1.25ha X 21355 (A 1355
HARKIX (BATX) | VXK IX) | 2.5ha X 2 1355 (B 1355
KX (IBATIX) . MK X)) 258 E LT, B1EZHITK
Argk, WEEt, BOKALEE, 7 —Fal — A —h T
F—& v KABUKkBIOMERPEK, B KA Zk
ORI, BEOY, FEA W HKICE ENLHKER
(ZFE TN, VU T-P) LR E W E (SS) DR EEZREL |
AMEOHADVZ RO -, AMIFEAZERN LD X
RTOFREE AL, A =" 7 T—%2 T 10 ~30
SRR TR EOE(LIZE DY THIERPEKREZE KL,
T-N. T-P. SS &% JIS K0102 T ¥#HEAKRBRIEICLY
BEL ., WL DOFRED D EFEE AT A RO T,

JNER I H ST HR 2 B O AT B . KUK Hi R &
Pk MK CTHERIL, THoZE P AfT & HEE A
WIS KR EICEDMAAR Z 225\ IER D



PEH ) Z2RDDHZ LT, K E O AR IH & OB
BAIZHOWTEREMICEIHE L=,

3. RER

FEAE % B BT D 2 /K 48 BRI 09 25mm (250m°/ha)
DOEUKEEPEKBEOE KL= (K 2,3), ZHUZLED
N 0.9~2.0 CF-¥ 1.6) kg/ha, P 0.13~0.37 (*F£#) 0.30)
kg/ha, SS 45~233 ("F-¥) 147) kg/ha DB HEART OHPEH
RSN LRI T& D, AR T\
FRC S p A mT &% | 5 H OPEK & LR ERE
i (K 9) LDOFEN D H 225 | BEHH AR L TR
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(B 1)&zA 2017 FMIZHBITHH R H

(1.564x10°%km®) 7> 5 O 7% 5] HE H £ &3 . N

3.54x10°kg/y. P:6.06x10'kg/y. SS:2.44x10"kg/y L72-

=, 2055 H 3 b KEL, N:0.744x10°kgly (21.0%),
P:1.62x10%kg/y(26.7%). SS:0.810x10'kgly (33.2%)T
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Soil Environmental Condition and Vegetation Recovery of the Abandoned
Cropland around Komado-Shitsugen Moor, Fukushima Prefecture

Nobuo Sakagami!, Yong Guo', Yusuke Takashima!, Tomoyasu Nishizawa!, Kazuhiko Narisawa'! and Makiko
Watanabe?

ICollege of Agriculture, Ibaraki University, 2Faculty of Urban Environmental Sciences, Tokyo Metropolitan University
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ABSTRACT

In the area around Komado-Shitsugen moor, beech forest was reclaimed to be the agricultural fields to
increasing the vegetable productivity in 1950s and abandoned until 2000. Reforestation activities started
from 2000, however, in some area, planted beech trees shows poor growth, and the area is still covered by
Japanese pampas grass. In this study, we surveyed soil environmental condition in beech forest area,
abandoned cropland area and transit area to reveal the factors inhibit the growth of beech trees.
Topographical measurement, vegetation survey and soil sampling were carried out at 10x30 meter quadrat
containing forest area, transit area and grassland area. From the edge of forest to the edge of grassland, soil
profiles survey was examined in every 10m. At the profile 3, which might be affected by field grading, the
top soil under bamboo grass showed relatively brownish color and moderate carbon content. On the contrary,
at the profile 4 under the grassland, organic A horizon was not detected and the top soil showed brown color
and low carbon content which resembles to the subsurface soil of beech forest. From these results, bamboo
grass in transit area was possibility related to the formation of surface A horizon, and naked subsurface soil
under the grassland supposedly inhibit the growth of planted young beech trees.

1. INTRODUCTION soil profiles survey was examined in every 10m (totally 4
In the area around Komado-Shitsugen moor, Fukushima profiles).
prefecture, Japan, beech forest was reclaimed to be the A &

! Béeéh'forest . Bamboo grass Pampas grass

agricultural fields to increasing the vegetable productivity
in 1950s!Y. Deforestation continued until 1976, and
surface soil layer was lost by logging and field grading.
Komado-Shitsugen moor was designated as a national

natural treasure in 1970, and agricultural activities around Y, Forest area Transit area Grassland area

the moor was gradually decreased. The catchment area X . Profile 3

was additionally designated as a national natural treasure {Profie 1 [ Profile 2

by 2000, and the reclaimed cropland was eventually °

abandoned. Then reforesttamon activities started in Prafile 4 +
abandoned field. However, in some area, planted beech 1056 0 2 30(m)

trees shows poor growth, and the area is still covered by
Japanese pampas grass. In this study, we surveyed soil
environmental condition in beech forest area, abandoned
cropland (grassland) area and transit area (covered by
bamboo grass) to reveal the factors inhibit the growth of
beech trees.

2. METHOD
Topographical measurement, vegetation survey and soil
sampling were carried out at 10x30 meter quadrat

Fig. 1 Figure to describe a graph

containing forest area, transit area and grassland area (Fig.
1). Fig. 2 shows the micro-topography of the quadrat
measured. From the edge of forest to the edge of grassland,

N erm 200 cm
Fig. 2 Micro-topography of the quadrat
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Soil samples were collected from each soil horizons, and
then air-dried and sieved under a 2 mm sieve for the soil
analyses. Furthermore, the quadrat was subdivided to the
sub-quadrat (5%5 m), and the distribution of soil hardness
and carbon content at each depth (10cm, 20cm, 30cm) at
each nodes.

3. RESULTS and DISCUSSION

Fig. 3-6 shows the soil profiles at the beech forest, transit
areas under bamboo grass (one near forest, and one near
grassland), and grassland. Organic A horizon (>10cm) was
detected at the profile 1 under the forest which was not
affected by reclamation. It showed typical forest soil with
low pH and high content of total carbon and nitrogen. At
the profile 2, surface A horizon was also detected but
higher pH comparing to profile 1 was possibly affected by
deforestation and vegetation change. At the profile 3,
which might be affected by field grading, the top soil under
bamboo grass showed relatively brownish color and
moderate carbon content. On the contrary, at the profile 4
under the grassland, organic A horizon was not detected
and the top soil (BA horizon) showed brown color and low
carbon content (<5%) which resembles to the subsurface
soil of beech forest. From these results, bamboo grass in
transit area was possibility related to the formation of
surface A horizon, and naked subsurface soil under the
grassland supposedly inhibit the growth of planted young
beech trees. We will obtain further information on forest
and grassland ecosystem and biogeochemical process of
soil formation and vegetation recovery.
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Phosphorus Runoff Loads from Paddy Fields and Forested Watersheds
in Sengari Reservoir Basin
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ABSTRACT

In Sengari Reservoir supplying domestic water to Kobe City, Japan, total phosphorus (TP) concentration
remains higher than a prescribed environmental standard value. Field survey was conducted to estimate TP
loads emitted from a paddy field and from a forested watershed in the reservoir basin, measuring TP
concentration and discharge in an agricultural drainage canal as well as in a mountain stream. The two
measurement points were located 6.2 km apart in different sub-catchment basins of the reservoir. Water
samples were collected once a week during the irrigation season (from May to mid-September) and also
occasionally in rainy days during the non-irrigation season. Data loggers were operated to record water
depths with an interval of 10 minutes, to determine the discharges with relevant hydraulic methods. The
total TP loads from the paddy field were estimated at 6.0 kg/ha and at 6.2 kg/ha during the irrigation and
the non-irrigation seasons, respectively, while that from the forested watershed was estimated at 0.49 kg/ha.
As aresult of hydrological analysis, it is concluded that less frequent heavy rainfall events cause significant

intensification of TP loads both from the paddy field and from the forested watershed.

1. INTRODUCTION

Sengari Reservoir, whose storage volume is 11.6 millions
m?, was constructed for supplying domestic water to Kobe
City in 1919. The amount of water supplied from the
reservoir is 0.119 millions m* a day. Hatsuka River and
Hazu River, whose lengths are 26 km and 9 km,
respectively, are major rivers flowing into the reservoir.
Catchment area of the reservoir is 94.5 km?, extending to
4 cities (Kobe, Sanda, Sasayama, and Takarazuka) and 2
towns (Inagawa and Nose). Around 86% and 10% of the

catchment area are forest and paddy fields, respectively.

Total Phosphorus (TP) concentration in the reservoir has
been over an environmental standard figure (= 0.01 mg/L)
assigned to the reservoir in 2002. Phosphorus is the
limiting nutrient in the reservoir. As a first step to set up a
countermeasure against water quality degradation in the
reservoir, TP runoff loads from a paddy field and a forested
watershed have been investigated for several years. This
paper presents temporal change of water discharge and
phosphorus concentration, on the basis of the results in
2017.

2. STUDY AREA AND METHOD
2.1 Paddy Field

Study field composed of 5 plots for paddy is located along
Hazu River and agricultural water is pumped up from the

522

river. Total area of the paddy field is 1.6 ha and it drains
water into a drainage channel. A flow gauging weir was set
at the end of the drainage channel. Overflow depth at the
weir was measured every 10 minutes using a pressure
gauge and then the discharge was calculated from an H-Q
curve of the weir. Water in the channel and in the river was
sampled around 1 week interval during irrigation season,
which is from May to mid-September. In non-irrigation
season, drainage water was sampled in four rainfall events,
since water in the channel flows only when it rains.

2.2 Forested Watershed

Study field for forested watershed is set in a part of
Sueyoshi River basin, which is a tributary of Hatsuka River.
The area is 111 ha. A pressure gauge was installed at a
ground sill in the river and water depth was measured
every 10 minutes by the gauge. Water was collected 25
times from May to December and 15 discharge
measurements were conducted to make an H-Q curve.

3. RESULTS
3.1 Paddy Field in irrigation season

Figure 1
phosphorus (Particulate-P) and dissolved phosphorus
(Dissolved-P) concentrations in the drainage channel and

shows daily discharge, TP, particulate

TP in the river during irrigation season in 2017. As for the
phosphorus concentration, Figure 1 illustrates that most
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part of TP consists of Dissolved-P. Figure 1 also shows the
concentration of TP seems gradually increasing from the
beginning of irrigation season to mid-July and then rapidly
decreasing toward the end of irrigation season. Average
concentration of TP in July is over 2 mg/L and it is reduced
to 0.5 mg/L at the end of irrigation season. Since the
concentration of TP in the river remains low, it is clear that
TP concentration increases during water flows through
paddy fields. Maximum discharge was observed on June
10, it seemed to be caused by draining water for preparing
rice transplanting. Large discharges observed on July 4 - 5,
and September 12 were due to rainfall event. Another large
discharge observed on July 16 was caused by large amount
of water pumped up from the river, since a pump worked
continuously for 8 hours. Total discharge of 5 days above
mentioned accounts for half of the total discharge in
irrigation season.

Daily phosphorus runoff load calculated from discharge
and interpolated phosphorus concentration between
consecutive data is illustrated in Fig.2. Sum of the loads
on June 10, July 4, 5 and July 16, 17, which are the top 5

TP (g/ha)
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daily loads, accounts for half of total loads in irrigation
season. Total TP load was 6.0 kg/ha, 91% of which was
Dissolved-P.

3.2 Paddy Field in non-irrigation season

In non-irrigation season, water and TP runoff from the
paddy field occur only when it rains. Thus, we conducted
intensive sampling of water during 4 rainfall events and
then proposed a relation between precipitation and TP load
for the paddy field, as shown in Fig.3. The regression
curve in Fig.3 is expressed as

TPL=2141In(r)-454  (r>8.4) (1)

where 7TPL is TP load (g/ha) and r
precipitation (mm) in a rainfall event.

is total

Using Eq.(1), we calculated TP load in every rainfall event
as shown in Table 1 and estimated total TP load is 6.2
kg/ha, half of which was discharged in 6 rainy days.

3.3 Forested watershed

Figure 4 shows a relation between river discharge and TP
concentration, obtained from 24 observations. A linear
regression gives the relation expressed below,

TP =0.03160 +0.0071 )

where TP is TP concentration (mg/L) and Q is river
discharge (m®/s).

Using Eq. (2), we calculated TP runoff loads from May §
to December 31, 2017 and illustrate daily TP load with
river discharge in Fig.5. Maximum river discharge and
maximum TP load were observed on October 21-22, when
the 21st typhoon hit Sengari Reservoir basin. Half of total
TP load, which was 40 kg for about 8 months, was
discharged during the flood caused by the typhoon, though
15% of total river discharge was observed at that time.
Total load of Particulate-P was about 85% of total TP load,
though most of the TP consists of Dissolved-P at a normal
flow rate. In addition to that, we estimated one third of the
TP runoff load originated from TP in rain, whose
concentration was about 0.008mg/L!"). With additional
observations, we estimated yearly TP load from the
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Table 1 Precipitation and TP load in non-irrigation
season of 2017

Date in Rain
TP
2017 | (omy | @

Sep. 17) 103|590
Sep. 28| 15.5| 133

Date in Rain
TP
2017 | (mumy | F®

Jan. 8 9.5| 27.8
Jan. 14-16 431 350
Jan. 29| 11.5| 68.7 Oct. 2 70{ 455
Feb. 5| 11.5| 68.7 Oct. 6 31 280
Feb. 20 10| 38.8| Oct. 15-16| 27.5| 255
March 15 18| 166 Oct. 17| 15.5| 133
March 21 33| 296 Oct. 19 25| 235
April 7 15 126| Oct. 21-23| 243 722
April 11 13| 94.9| Oct. 24-25[ 11.5| 68.7
April 17 94 518 Oct. 28| 14.5| 118
April 26| 41.5| 343 Oct. 29| 63.5| 434
Nov. 14 15 126
Nov. 22-23 12 778
Dec. 8-9 18| 165
Dec. 24| 33.5 297

forested watershed at 0.49 kg/ha.
4. DISCUSSION

TP runoff load from the paddy field in irrigation season
(134 days) is almost the same as that in non-irrigation
season (222 days). This indicates we have to pay attention
to reduce the runoff load from paddy field not only during
irrigation season, but also during non-irrigation season.
Around half of total TP load was discharged in 10 days.
This can be said TP load is negligible most of the year.
From Fig.2, relatively large runoff load was caused by
poor water management on June 10 and July 16, then
conducting proper water management could reduce the
load in irrigation season. For non-irrigation season,
installing a low-height plate for controlling drainage at the
outlet of each plot could be a measure to reduce the runoff
load, which also lead to flood mitigation by paddy field
ponding.

As for TP runoff load from the forested watershed, it is
difficult to take an effective measure, since half of the load
was occurred during flood caused a typhoon. From Fig.4,
we could make the gradient of the regression line milder
by proper forest management to prevent from slope erosion
in heavy rain, then it would lead to reduction of TP runoff
load.
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5. CONCLUSION

To investigate water and TP runoff loads in the catchment
of Sengari Reservoir, where water quality does not satisfy
the environmental conducted field
observation in the paddy field and in the forested
watershed. Results from the observation revealed that high
TP runoff loads both from paddy and forest did not
frequently occur but did only in several days a year when

standard, we

it rained heavily. This indicates sum of TP load in several
days accounts for major part of the total load.
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ABSTRACT

Sengari Reservoir basin, Hyogo Prefecture, Japan, is an agricultural watershed dominated by a mountainous
area, and has a problem of water quality, especially of phosphorus, in Sengari Reservoir. In the basin,
temporal and spatial distribution of phosphate-phosphorus (POs-P) concentration along the rivers flowing
into the reservoir was investigated regularly. From the measured results, it was found that PO4-P is high
during the irrigation period specifically in sub-basins where domestic waste water is treated by septic tanks,
although POs4-P is low throughout the year in sub-basins where domestic waste water is treated in rural
sewages. With the measured data and GIS data of landuse and altitude, linear multiple regression models
whose explanatory variables are the area ratio of landuse type to the catchment area of a sampling point,
the area ratio of the catchment area of the sampling point to the whole area of the sub-basin, and a dummy
variable that distinguishes between rural sewage and septic tank sub-basins were formulated. The estimated
POs-P distribution along rivers shows good agreement with the measured one except for some outliers, and
the obtained coefficients imply that Paddy Field and Residential Area are major source of PO4-P.

1. INTRODUCTION 2. METHOD
Excessive nutrients inflow into closed water areas causes 2.1 Study area
water quality degradation and eutrophication, and those
cause environmental problems such as water-bloom and

Sengari Reservoir is located in the north of Kobe City,
Japan. It has 11.6 millions m® water storage and supplies

red tide. Especially in a case of reservoirs for domestic 0.119 millions m® domestic water a day to Kobe City. Two

water, the problem becomes serious because much cost is major rivers, Hatsuka River and Hazu River, flow into the

reservoir, and total catchment area of the reservoir is 94.5
m?. In the present study, the basin is divided into seven

required to treat water contaminated by cyanobacterium.
Sengari Reservoir, which is one for drinking water and is
classified into Category II in the environmental standard
for lakes, is one of reservoirs having a eutrophic problem.
According to Fujiwara (2014)!, phosphorus is the
limiting factor for reproduction of algae, and more than

90% of TP flowing into the reservoir is in a form of
Hatsuka River

phosphate-phosphorus (PO4-P). Various countermeasures (1-24)

such as underwater aeration and purification by vegetation Sueyoshi River

has been conducted to reduce phosphorus in the reservoir. (25-36)

However, regardless of the long-term countermeasures,

’ Hazu River
§ (37 - 50)

total phosphorus (TP) does not satisty the standard value
0.01 mg/L.

In the Sengari Reservoir basin, there is no major
industrial load source, and most part of environmental load
comes from non-point sources such as agricultural fields
and forests. Hence, it is difficult to grasp actual condition

of the load in the basin. In this study, a regular water

Sasori River
(51 - 65)

Nagatani River
(66 - 78)

quality measurement along rivers flowing into the ) # \Oharano River
reservoir was conducted to ascertain the temporal and (19-92)

e . . . 1 2 3 4
spatial distribution of PO4-P, and linear multiple regression *

’ Sengari Reservoir 0

. : sampling point
models were made to estimate phosphorus load from o SampIme P

different items of landuse. Fig. 1 Sengari Reservoir basin
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Table 1 Landuse ratio of Sengari Reservoir basin (%)

. Area Padd Residential Golf Upland Waste Lake
Sub-basin (km?) Forest F ieldy Area Course Fpield Land Pond Others
Hatsuka 60.67 87.52 9.30 1.51 0.77 0.14 0.38 0.14 0.22
Sueyoshi 6.74 86.46 8.76 0.41 4.24 0.00 0.00 0.14 0.00
Hazu 8.41 91.66 8.23 0.11 0.00 0.00 0.00 0.00 0.00
Sasori 5.26 83.93 13.71 1.52 0.51 0.17 0.00 0.00 0.17
Nagatani 3.13 74.77 13.23 2.15 9.85 0.00 0.00 0.00 0.00
Oharano 3.60 70.03 21.16 7.05 0.00 1.26 0.00 0.00 0.50

sub-basins as shown in Fig. 1, and water samples were
collected in six sub-basins. The six sub-basins are referred
to as Hatsuka, Sueyoshi, Hazu, Sasori, Nagatani, and
Oharano sub-basins after the rivers passing through each
sub-basin. The ratio of the areas occupied by different
types of landuse to the whole area of each sub-basin is
shown in Table 1. Forest is the dominant landuse, and
paddy field follows it. The six sub-basins are divided into
two groups in regards to domestic waste water treatment.
One is the treatment by rural sewages, and the other is one
by septic tanks. Hatsuka, Sueyoshi, and Hazu sub-basins
belong to a rural sewage group, and Sasori, Nagatani, and
Oharano sub-basins to a septic tank group.

2.2 Field Observation

Water samples were collected along the rivers in the six
sub-basins regularly, i.e., once a month in the irrigation
period and once in two months in the non-irrigation period.
Rainy days and days just after rainfall are avoided to obtain
data in an ordinary water level. The location of sampling
points is shown in Fig. 1, and the index for sampling points
is given from upstream to downstream in each sub-basin.
The concentration of PO4-P of the collected water samples
were measured with Digital Pack Test (DPM-PO4-PD,
Kyoritsu Chemical-Check Lab., Corp.) or Photometer
(YSI 9500, xylem), and the measuring ranges are 0.03 —
1.00 mg/L and 0.00 — 1.30 mg/L, respectively, with 0.01
mg/L resolution.

2.3 Linear Multiple Regression Model

At first, the following steady model that estimates the
PO4-P concentration at a sampling point is assumed, based
on the unit value method.

cO = RZa‘,c[A[ (1

where ¢ is the concentration of PO4-P in the river water
at a sampling point, O (= «RA) is the discharge, R is
the amount of rainfall, « 1isthe runoffratio to the rainfall,
A is the catchment area of the sampling point, and the
subscript i (€ {forest, paddy field,...}) means a member
of the landuse set. The variables without a subscript i is
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the one of the whole catchment area. Being divided by 0
and an error term wu is added, this model could be
regarded as a linear multiple regression model.

c:z,B‘,Xl—i-u 2)

i

where f (= a,c, / a) are the regression coefficients, and
X, (= A,/ A) are the explanatory variables.

In addition, other explanatory variables could be
considered in the model. Here, the area ratio to the whole
sub-basinl?! and the dummy variable that represents type
of waste water treatment are considered.

0 rural sewage

arearatio

= A / Asub—basin and Xdummy = {1 sept]c tank

where A is the area of the whole sub-basin to which

sub-basin
the objective sampling point belongs. In this study, eight
models listed in Table 2 are tried. In Model 1 and 2 groups,
three and four major landuse types are used as the
explanatory variables, respectively. The performance of
the models is evaluated by AIC (Akaike Information

Criteria).

3. RESULTS AND DISCUSSION

3.1 Field Observation

Figure 2 shows the measured PO4-P concentration. It
shows that the concentration is high during the irrigation
period (from May to August) especially in the septic tank
sub-basins, and that the concentration and the variance in
the rural sewage sub-basins are low.

Table 2 Multiple regression models

Model Explanatory variables

1-1 Forest, Paddy Field, Residential Area

1-2 Model 1-1 + area ratio

1-3 Model 1-1 + dummy variable

1-4 Model 1-1 + area ratio, dummy variable

2-1 Forest, Paddy Field, Residential Area, Golf Course
2-2 Model 2-1 + area ratio

2-3 Model 2-1 + dummy variable

2-4  Model 2-1 + area ratio, dummy variable




1.2
. . * : Rural sewage sub-basins
— o : Septic tank sub-basins
& 0.8 F-- ¢
é [
T0.4] 0 :
o s |
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Fig.2 PO4-P concentration in Sengari Reservoir basin

3.2 Linear Multiple Regression Model

The obtained model performances (AIC) and coefficients
of the multiple regression model are shown in Table 3, and
generally the model performance becomes good as the
number of the explanatory variables increases. But in
Model 2 the coefficient for Golf Course is negative, which
is an unrealistic result. The obtained coefficients imply
that Paddy Field and Residential Area are major sources of
PO4-P. The measured and estimated PO4-P concentrations
along the rivers are shown in Fig. 3. These figures show
relatively good estimation in the rural sewage sub-basins
(from 1 to 50) compared with that in the septic tank sub-
basins (from 51 to 92). Especially, there are large
deviations around 58 and 78. Actually, there is a livestock

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

waste treatment site and there was a cowshed near 58 and
78, respectively.

4. CONCLUSION

In this study, the temporal and spatial distribution of PO4-
P concentration was investigated in the Sengari Reservoir
basin, and linear multiple regression models based on the
unit value method were formulated. The estimated PO4-P
distribution shows good agreement with the measured one
except for some outliers derived from livestock waste.
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Table 3 Model performance and coefficients

Paddy Residential Golf Area Dummy
Model Al F t
ode ¢ ores Field Area Course Ratio Variable
1-1 -298.2 0.034 0.373 0.414 - - -
1-2 -306.9 0.051 0.485 0.384 - -0.048 -
1-3 -312.0 0.027 0.251 0.185 - - 0.043
1-4 -313.8 0.039 0.345 0.215 - -0.029 0.034
2-1 -296.5 0.036 0.364 0.412 -0.005 - -
2-2 -305.4 0.053 0.475 0.382 0.002 -0.049 -
2-3 -318.6 0.036 0.160 0.093 -0.178 - 0.059
3-4 -318.9 0.044 0.239 0.124 -0.151 -0.022 0.050
Model 1-1 77 ~ Model 1-2 " Model 1-3 Model 1-4
3 0.4 o : Measured PO4-P | ) )
By o : Estimated PO4-P |
g 03 o F F S
5 02 i — = it
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Fig.3 Measured and estimated PO4-P concentration
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ABSTRACT

Massive biowaste generation causes serious environmental degradation due to low-cost landfill system for its

disposal commonly applied in most Asian countries. We assume that an appropriate solution would be formulation

of multiple ‘resources-from-biowaste system’ as an appropriate alternative measures through the accelerated thermal

hydrolysis processing based on a subcritical water reactor. Whereas, a wide range of socio-economic benefits could

be expected in our society, if well-linked with value-added organic farming, as follows: (1) production of functional

compost and recovery of ever-depleted phosphorus resources, (2) heightening of resource efficiency in malfunctioned

biowaste management and (3) contribution to mitigating eutrophication in the public waters and so forth. Hereupon,

we firstly analyzed functions of the subcritical water reactor, and secondly conducted actual project-based

feasibility study on the leading system models formulated by the subcritical water reactor.

INTRODUCTION

As economy grows rapidly in Asia, generation of biowaste
increases in every sector, agriculture, industrial and
municipal, either. Total amount of the them is estimated as
much as 2.6 billion tons a year in 2012, of which Japan
accounts for approximately 10% [,

Whereas, the conventional sink for biomass waste disposal
relies majorly on low-cost landfill and partly on high-cost
incineration technology coupled with no proper clean
cycle neither.

In this study, we assume that this core reactor should
contribute reduction of pollutant discharge into the public
waters due to the current malfunctioned waste
management through formulation of multiple ‘resources-
from-biowaste system’ as shown in Fig,1, namely (1) high-
(2) probiotic/
organic-fertilizer-from-cattle-excreta,  (3)

quality-cattle-feed-from-wood-residues,
functional
increased-biogas-production-from-sewage-sludge and so
forth.

Hereupon, our previous study verified that the accelerated
thermal hydrolysis processing by using a subcritical water
reactor was quite workable in producing of functional
organic fertilizer with affordable cost to formulate value-
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added probiotic agro-production model well in Taiwan and
China 12,

Hereupon, we conducted additional project-based study to
verify the wide-ranged assumption mentioned-above.

[Massive Biowaste Generation]
OSewage Sludge

OMixed Urban Waste
(Combustibles)
+ Raw garbage
with vinyl bags
* Used paper, chop stics

OCattle Manure and
Chicken Feces

OWood Residues

[Subcritical Water Reactor]
OAccelerated Thermal Hydrolysis Processing

i ¥
OSoil Conditioner ‘ OHigh-quality
Cattle Feed

OFunctional/probiotic
Organic Fertilizer

OMethane Fermentation

(Increased Biogas Production)
T

Supplementing/Replacing of Massive
Chemical Fertilizer Production

v
[Formulation of ‘Resources-from-Biowaste System’ Models]
OReduction of Pollutant Discharge
OMitigating of Eutrophication in the Public Waters

Fig.1 Multiple ‘Resources-from-Biowaste System’
based on Subcritical Water Reactor



MATERIALS AND METHODS

The method of this study is not laboratory-based, but actual
project-based and/or real machine based-experiment.
Firstly, an analysis was conducted on the functions of the
subcritical water reactor of batch type to enable accelerated
thermal hydrolysis processing, successfully utilized so far
to formulate leading ‘resources-from-biowaste system’
models in several Asian countries. Secondly, verification
was made, from technical and socio-economic views, on
the feasibility of those system models formulation. And
lastly, discussion followed on the appropriate way to
promote those multiple systems in the region, where
biowaste recycling measures are required toward bettered

lake environment conservation.

RESULTS
(1) Analysis on Functions of Subcritical Water Reactor
The subcritical water reactor is practically operated under
the subcritical water condition with temperature of 100-
200°C and pressure of 1-2 MPa in the pressure vessel. Iron
product of ion becomes increased by as high as 30 times to
accelerate thermal hydrolysis processingl®, and to
demonstrate useful effects in dissolving polymer structure
of biowaste into low molecule materials for the wide range
of biowaste within much shorter processing time of 10-60
min.
The types of reactors for such thermal hydrolysis
processing are classified into batch type and continuous
type: both already commercialized in Japan and spreading
to Asia (4. Whereas, the batch type is judged to be much
superior in its flexible applicability to varied biowaste
properties including urban mixed waste against the
continuous one, which is applicable only to liquid biowaste
such as raw sewage sludge.
(2) Feasibility of ‘Resources-from-Biowaste System’
Model Formulation
Hereupon, our study focused on workability of the
subcritical water reactor of batch type, hereinafter simply
called SCW rector, to formulate the following three types
of system models. The technical features of the said reactor
are summarized in Fig. 2.

High-quality-cattle-feed-from—wood-residues

A model plant has been operated since 2016 with a 2-m3
reactor installation in Hokkaido Province, Japan.

From technical views, wood-based coarse cattle feed was
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Accelerated Thermal Hydrolysis Reactor for ‘Resources-from-Biowaste’

~

Simple to operate
(OsSaturated steam from the boiler
+ 100-200°C, 10-20 atm (1-2 MPa)
* Processing time: 10-60 min.
OHomogeneous processing of
biowaste by the agitator

OAcceptable of various types of biowaste

‘ Multi-functional recycle machine
OApplicable to material/thermal recycle

High performance

g (O2m3-Tank case
+ 2m3@10 batch/day=20m3/day
! 1 LAsitator Reactor =10 ton/day (0.5 ton/m3)
- (Batch System)
1 . y =5 [ et | =Equivalent to sewage sludge
Bolle g Controlespene generated from 100.000 persons
International patent

OSmall energy consumption
6 Countries: Japan, USA, China, South + 20-30 2 diesel oil/batch
Korea, Hong Kong & EU / India under way

+ 10-20 kWh/batch

Fig. 2 Technical Features of Subcritical Water
Reactor (Batch Type)

verified to be produced every 15-20min. operation of the
SCW rector per a batch. The product was quite functional
enough in stimulating the appetite of tested cattle greatly
and strengthening their digestibility as well, and therefore
helpful in promoting of high-quality Japanese Wagyu beef
productionBl.

From socio-economic views, the product cost including the
purchase cost of wood residues was approximately 20-
30% cheaper, if compared to international market price of
cattle feeds. Therefore, it was clarified that this business
model contributed highly to bettered management of the
local breeding industry and logging industry as well. In the
wake, it was improving the low feed self-sufficiency in the
province, which had been highly dependent on imported
feeds so far.

Probiotic/functional-organic-fertilizer-from-chicken-feces

A model plant has been operated since 2009 with two 2-
m3 reactor installation in Yilan Province, Taiwan.

From technical views, raw material was proved to be
converted speedily into low-molecular organic particulates
within 20 min. operation of the SCW reactor per a batch.
Then, it was observed that quick composting progressed
within 2 weeks. Our bacteria flora analysis using a next
generation sequencer revealed that dominant bacterial
grope in the end product were almost crop-friendly good
micro-organism, such as Actinobacterial?!.

From socio-economic views, the operation company has
obtained the official certificate on its end product as
qualified organic fertilizer by the governmental institution.
In addition, our hearing survey to local famers clarified
that the end product worked successfully, with good micro-
organism effect combined, to suppress crop impediments

due to repeated cultivation in their farmlands, thus making

535



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

itself more value-added and marketable with price as high
as US$200/ton to well meet the operation cost.

Herewith, similar operation has been commenced since
2014 for pig manure recycling in Jiansue Province, China.

Enhanced-Biogas-Production-from-Sewage Sludge

In order to push thermal recycling rate for sewage sludge
up more, streamlining of methane fermentation processing
becomes the new target in Japan!®. On this context, we
conducted a comparative test to analyse the biogas
generation capability from sewage sludge with/without the
accelerated hydrolysis processing by the SCW reactor
prior to the methane fermentation.

From technical views, it was revealed that initial
acidification phase became quite shortened from around 7
days to only one hour with the accelerated hydrolysis
processing. And such effect contributed to shortening of
total methane fermentation time of 30-60 days by around
20-30%. In addition, biogas production was increased by
50% or more with the said processing!’!.

From socio-economic views, it was implicated that
installation cost of the SCW reactor could be payable
enough, since double merits were to be expected, namely
construction cost reduction for sludge digestion tank due
to the shortened acidification phase and income surplus

from the increased biogas production.

DISCUSSION AND CONCLUSION

In accordance with our actual project-based study, it was
verified that the SCW reactor was workable enough as the
core technology to firmly drive formulation of 3 types of
multiple ‘resources-from-biowaste system’ models forth
coupled with technical and/or socio-economic merits. If
integrated well, those system models could lead to
totalization of food loops and reduction of pollutant
discharge as well to mitigate eutrophication in the public
waters as shown in Fig. 3.

Further scrutinizing of this verification result mentioned-
above should be desired on an actual project-basis in lake

basins in Asia and other regions in the world.

As a result, it was concluded as follows:

(1) The SCW reactor was proved to be capable enough as a
core technology to drive those biowaste recycle system
models forth, either material recycling of wood
residues and chicken feces or thermal recycling of

sewage sludge.

536

Total Integration in “Resources-from-Biowaste” Model

Sustainable Use of Wood Resources

" Wood-based R
Wood Residues [Core Tech.) G : &2

™ . SCW
Reactor
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. . Breeders
Multiple-functional
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Enhanced Biogas a
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]
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Collection
of Excreta

Domestic Waste
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=Urban Biowaste

Creation of
Recycle-oriented

Fig. 3 Totalized ‘Resources-from-Biowaste System’
based on Subcritical Water Reactor

(2) From technical views. the said reactor could accelerate
hydrolysis processing effectively to dissolve biowaste
into low molecule particulates which were suitable for
either material recycle or thermal recycle.

(3) From socio-economic views, the said reactor could
promote formulation of multiple ‘resources-from-
biowaste system’ models with smaller operation cost

and higher economic benefits.
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ABSTRACT

Some rural areas have problems of water pollution in lake, pond, river and canal no good for human life, irrigation and
ecosystem. Most reasons come from insufficient recycle of nitrogen and phosphorus contained in various biomass and
water as well as fertilizing design. Authors have developed diagnosis tool for regional biomass use that show present and
planned material balance. Objective feedstock biomass is such as livestock wastes, residues of food and sludge. This study
dealt with methane fermentation technology. Katori city of Japan and Thai My village of Vietnam were chosen as case
study area and the effect by plan with some scenarios were quantified. The results indicated how the use of chemical
fertilizer, disposal and influent load to water bodies decreased by circulative use of biomass. Appropriately designed and
managed biomass use system can contribute to water quality conservation, sound material cycle, creation of value-added

food production and vitalization of regional economy throughout local production for local consumption.
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livestock wastes, residues of food and sludge. They are
often converted by composting or methane fermentation
technology. This study deals with the latter because it can
produce energy and information of methane fermented
digested slurry use is not so many. Nakamura et al.
compared nitrogen balance for two years by lysimeter test
ammonium sulfate

between and digested

slurry
application and showed that the leaching ratios were
almost same [2,

Two case study areas in Japan and Vietnam are chosen and

the effect by plan with some scenarios are quantified.
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Fig. 2 Material balance in farmland

Table 1 Nitrogen balance by application of fertilizer (%)

3. RESULTS

Katori city, Japan was chosen as case study area where

agriculture and livestock industry is prosperous. Scenario

for promotion of methane fermentation system was

designed as follows:

1) 30% of milk cow waste is provided for methane
fermentation (presently, composting)

2) 24% of pig waste is provided for methane fermentation
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(presently, wastewater treatment and composting)
3) 3,650t/y of domestic sewage sludge is provided for
methane fermentation (presently, disposal)
4) 1,825t/y of food industry garbage is provided for
methane fermentation (presently, disposal)
5) 3,650t/y of household garbage is provided for methane
fermentation (presently, disposal)
6) Produced digested slurry is used at farmland
Using feedstock biomass shown in Table 2, 2,828 thousand
Nm?’/y of biogas, 1,018 MWh/y of surplus power, 5,882
GlJ/y of surplus heat and 71,462 t/y of digested slurry were
estimated to produce. Table 3 indicated how use of
chemical fertilizer, disposal and influent load to water

bodies decreased 1.

Table 2 Feedstock biomass used for methane

fermentation in Katori city

Table 3 Effect of promotion of biomass use in Katori city

Thai My village located in Ho Chi Minh city, Vietnam was
also chosen as case study area [, Livestock and rice

farming is popular there. 111 households have biogas



digesters with capacities of 7.8+1.2 m? of fermentation
tank volume. The main feedstock is pig and milk cow feces
and urine mixed with the washing water of livestock
farming shed. Biogas is mainly used for cooking in the
homes. Most of the digested slurry is discharged to the
infiltration pits, river or canal although a little of them is
used as fertilizer for plants in yards or non-paddy fields.

To overcome water pollution and realize desirable biomass

use, the plan was designed as follows:

1) All unused livestock excreta are considered feedstock
for biogas digester. By increasing the number of biogas
digesters, excreta from 10,000 heads of pigs and 60
heads of milk cows becomes the target.

2) Digested slurry produced at the digesters is applied to
paddy fields as liquid fertilizer.

3) Half of the nitrogen contained in the slurry is considered
effective for a crop uptake, because the ratio of
ammonia nitrogen to total nitrogen is approximately
50%. This portion is assumed to replace the chemical
nitrogen fertilizer in paddy fields.

Results were summarized in Tables 4. Influent nitrogen

load to water bodies decreased from 122 to 70 t/y.

Application rate of nitrogen fertilizer decreased from 250

to 130 kg-ha!'-y! owing to application of digested slurry.

Biogas generation rate increased to 330,000 Nm'y, 8

times larger than the present condition.

Table 4 Effect of promotion of biomass use

in Thai My village
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4. CONCLUSION

The results of analysis in two study areas indicated how
the use of chemical fertilizer, disposal and influent load to
water bodies decreased by circulative use of biomass.
Methane fermented digested slurry was useful as liquid
fertilizer. Diagnosis of soil and fertilizer design are key
component. Its effect might come to conservation of
ecosystem, because the circulative use of biomass leads
environmentally friendly agriculture. Moreover, it would
lead mitigation of global warming. In conclusion, it can be
said that appropriately designed and managed biomass use
system contribute to water quality conservation, sound
material cycle, creation of value-added food production
and vitalization of regional economy throughout local
production for local consumption. This kind of efforts in
watershed of a lake should be focused and promoted more
strongly. In a region level, systemization of organization,
technology, institution, fund and information are essential.
Judgement of promotion of the plan should be considered
from lifecycle profitability

among organizations

concerned and sustainability of land use.
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ABSTRACT

To evaluate the relative ecological risk of harmful pollutants in the sediments of a small catchment, the
concentrations of persistent organic pollutants (POPs) in the sediments were measured. Results show
concentrations of polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and
organochlorine pesticides (OCPs) were in the range of 2.7~82.2 ng-kg'!, 0.11 ~ 0.59 pug-kg'and 1.12 ~
2.83 pg -kg!, respectively. A potential negative impact on the ecological environment in the region was

found.

1. INTRODUCTION

POPs is a natural or synthetic organic pollutant which is
not quickly degraded in the environment. Once enter into
the background, the POPs can stay in environmental
media (Water, air, soil, sediment and so on) for years or
even decades or longer. They can be transported through
the atmosphere and water for a long distance to affect the
global environment. The sediment is one of their essential
fate.

2. METHOD

The sampling site is a closed lake bay and is the only port
in the northwest corner of Taihu, with an area of 58 km?.
Sediment samples were taken with conventional gravity
coring equipment (diameter 6 cm). The samples were
dried naturally, then remove the animal and plant debris
and stones. All natural-dried samples were ground,
passed through the 100 mesh sieve. The identification
and quantification of PAHs, PCBs and OCPs (DDTs,
HCHs)  were  performed  through  the  gas
chromatograph-mass spectrometer manufactured by
Shimadzu Corporation of Japan (QP2010 ultra, Japan).
The ecological risk of PAHs, PCBs and OCPs was
evaluated by environmental quality standards of POPs in
the sediments [, The USEPA has now defined this rule as
the national standard.

3. RESULTS

Results show concentrations of polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs) were in the range
of 2.7~82.2 ng-kg!, 0.11 ~ 0.59 pg-kg'and 1.12 ~ 2.83
g ‘kg!, respectively. The total PAHs and PCBs at all
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sites are below the ERL. The highest concentration of
DDTs in the sediments of each sampling sites is close to
the ERL value. These findings indicate that no samples
contained POPs whose concentration exceed ERM.
Therefore, the ecological risk of POPs in the sediments of
the small catchment was relatively low.

4. DISCUSSION

of the
emissions of large amounts of untreated industrial

Because regional industrial development,
wastewater, the Taihu watershed has become the one of
the most serious polluted area. The enterprises in this
region should accelerate the transformation of economic
development mode, optimize the financial structure, and
develop low energy consumption, small pollution
industries, vigorously. In addition, companies should

improve the sewage treatment facilities.
5. CONCLUSION

1) The origins of PAHs were mostly wood and coal
combustion.

2) PCBs mainly come from industrial production.

3) OCPs mainly came from the excessive use of
pesticides and fertilizers.

4) The ecological risk of POPs in the sediments was
relatively low.
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ABSTRACT

The nuclear accident at Fukushima Dai-ichi Nuclear Power Plant (FDNPP) occurred as a consequence of
the massive earthquake and associated tsunami on March 11, 2011, which was the first nuclear power plant
accident in Asia [, A long term monitoring of radiocesium content in soybean and cover crops was
conducted from 2011 to 2017 in soybean field (~170 km from FDNPP), Lake Kasumigaura basin, to clarify
the changes of radiocesium in soybean and cover crops. From 2011 to 2017, soybean was cultivated from
July to October and cover crops (fallow weeds, FA; rye, RY; and hairy vetch, HV) was cultivated from
October to June with three tillage systems (moldboard plow, MP; rotary cultivation, RC; and no tillage,
NT). Radiocesium content declined steadily in soybean grain from 2011 to 2014, however, this reduction
slowed down from 2014 to 2017. Comparing with in MP and RC, radiocesium content in soybean grain
under NT system was consistently higher in every year. Radiocesium content in three kind of cover crops
also decreased sharply from 2011 to 2014 and became stable since 2015. Radiocesium content in rye was
consistently lower than hairy vetch and fallow weeds. This research revealed that tillage can continuously
reduce the radiocesium content in soybean grain for a long term, although in NT system still showed higher
radiocesium content in soybean grain in Lake Kasumigaura basin.

1. INTRODUCTION 2. METHOD

A large amount of nuclear material was leaked and
scattered throughout Japan, at Fukushima Dai-ichi Nuclear
Power Plant accident on March 11, 2011. The farm land
in Lake Kasumigaura basin, Ibaraki prefecture was
also be polluted seriously .

Radiocesium (Cs) is a radioactive isotope of cesium, the
half-life of '“’Cs and '**Cs were 30.17y and 2.062y,
respectively. It is difficult to remove cesium from the soil
due to the tight chelation of clay in soil and cesium /. So
though more than 7 years passed after Fukushima Dai-ichi
Nuclear Power Plant accident, the radiocesium content is
still high in farmland. This nuclear accident has different
radionuclide movement in agroecosystem compare with
Chernobyl Accident in 1986. We focuses the long term
radiocesium movement in agroecosystem in Japan
especially the relationship between tillage inversion and
radiocesium contamination. This information will be
important to many country and area where the nuclear
power plants are located. Therefore, in this study, we
monitored the radiocesium contamination in soybean and
cover crops under different agriculture managements from
2011 to 2017. The objectives of this study were to clarify
the change of radiocesium content in soybean and cover
crops under different tillage systems.

A 7-years field experiment was conducted from 2011 to
2017 at Center for International Field Agriculture
Research and Education (36° 1”7 57.7” N, 140° 12’

43.6” E) in Ibaraki University, this site located 170km
from FDNPP in the Kanto region of Japan. Split plot
experimental design with 4 replications was used in this
study. Tillage systems (Moldboard Plow: MP, Rotary
Cultivation: RC, No Tillage: NT) were the main factors
and cover crop species (rye: RY, hairy vetch: HV, fallow:
FA) were side factors. Soybean was cultivated from July
to October and cover crops was cultivated from October to
June from 2011 to 2017. Soybean and cover crop samples
were collected by a 0.25 quadrate. Cover crop biomass and
soybean yields were calculated. The concentration of 1**Cs
and "’Cs in soybean grain and cover crops were
by Ge-semiconductor detector. Transfer
factors (TF) relating soil concentrations to plant
concentrations of contaminants were calculated as

determined

follows:

B (*3%137Ccs(Bg kg ™! dry weight))s1ane

TF = ——
(13+137Cs(Bq kg™! dry weight)).oi
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3. RESULTS
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Figure.l radiocesium content in soybean grain under
different tillage systems was measured from 2011 to 2017.
Error bars correspond to standard error.

Radiocesium content continuously decreased in soybean
grain from 2011 to 2014(Figure.1). In NT, radiocesium
content decreased from 25.86 to 9.10 Bg/kg; in MP, it even
decreased by 4.13 times from 2011 to 2014. However, this
tendency slowed down from 2014 to 2017. Radiocesium
content only decreased from 6.9 to 5.6 Bq/kg in NT, and
no significant difference was observed from 2014 to 2017
in MP. Rradiocesium content in soybean grain had no
significantly difference between in MP and RC, while in
NT system was consistently about 2 fold higher than those
in MP and RC in every single year.

Figure.2 radiocesium content in different cover crop
species was measured from 2011 to 2017. Error bars
correspond to standard error.

In 2011, radiocesiun content in three kind of cover crops
peaked at 428.9 to 5268.2 Bq/kg, which was significantly
higher than those in other year (Figure.2). And
radiocesium content fell sharply from 2011 to 2014, in
fallow weeds, it decreased from 5268.2 to 29.5Bq/kg.
Then it became more stable since 2015, no significant
difference was observed in fallow weeds since 2015 to
2017. Radiocesium content in different cover crop species
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was also different, comparing with those in hairy vetch and
fallow weeds, radiocesium content in rye was consistently
lower from 2011 to 2017. However, the gap between
radiocesium content in rye and those in hairy vetch and
fallow weeds narrowed considerably over the 7-years
period.

4. DISCUSSION

Radiocesium content decreased in soil with each passing
year after FDNPP accident, due to the natural decay and
migration B!, therefor the radiocesium in soybean also
decreased generally. However, the content of '**Cs
decreased sharply after several years because of natural
decay, and the natural decay of '*’Cs was slow, so the
radiocesium content in soybean become stable from 2014.
Comparing with in MP and RC, radiocesium content in
soybean grain under NT system was consistently higher in
every single year. Because tillage can displace the high
contaminated soil into deeper layers, and it can also
enhance the formation of Cs-specific edge sites with clay
minerals for chelation Bl In 2011, the nuclear materials
was contacted with cover crop directly from atmosphere,
so the radiocesium content in cover crop in 2011 was
significantly higher than other years. Frissel et al.(2002)
legume crop had higher radiocesium accumulation ability
than other grass crop [*!, the similar phenomenon was also
found in this research.

5. CONCLUSION

After the FDNPP accident, the radiocesium contamination
in soybean and cover crops continuously decreased from
2011 to 2014, but this trend gradually slowed down from
2014 to 2017. Legume cover crop had higher radiocesium
accumulation ability than grass crop. Tillage can reduce
the radiocesium contamination in soybean grain from 2011
to 2017.
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F 1L AEBLOLENODBESNIT T H A7) VIERE

Class and Order Genus Soil Sites Wator Total number
Alphaproteobacteria
Rhizobiales Bradyrhizobium 22 2 24
Phyllobacterium 1 1
Rhodospirillales Skermanella 1 1
Caulobacterales Caulobacter 4 4
Betaproteobacteria
Burkholderiales Burkholderia 34 3 37
Polaromonas 1 1
Variovorax 5 5
Burkholderiales bacterium 3 3
Gammaproteobacteria
Enterobacteriales Serratia 57 57
Providencia 3 3
Enterobacteriales bacterium 5 5
Xanthomonadales Lysobacter 4 4
Xanthomonadales bacterium 1 3 4
Pseudomonadales Pseudomonas 1 1
Bacilli
Bacillaceae Bacillus 3 3
Paenibacillus 2
Bacillaceae bacterium 1 1 2
Flavobacteriales Chryseobacterium 16 16
Elizabethkingia 3 3
Actinobacteria
Actinomycetales Brevibacterium 1 1
Streptomycetales Streptomyces 1
Sphingobacteria
Sphingobacteriales Sphingobacterium 4 4
Total number 72 110 182
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