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Linking Dietary Shifts and Feed Production to Nutrient Pollution of the Kasumigaura
Watershed

O=7 « RH—nm/—* HHFEL*
ONINA HODALOVA *, KOSHI YOSHIDA *

INTRODUCTION

Nitrogen and phosphorus nutrient pollution from
agriculture is causing negative effects on the water
quality. One of the newly proposed approaches to
reduce nutrient pollution is a change of eating
habits. This is because the production of animal-
based protein requires increased fertilizer input
due to need for feed crops and releases manure
rich in nutrients. Therefore, consumption of
animal protein leads to higher nutrient pollution,
compared to plant-based alternatives.

Even national-scale studies are abundant,
assessing dietary impacts at the watershed scale is
absent, despite the localized nature of nutrient
pollution. The aim of this study is to estimate the
impact of dietary and feed self-sufficiency
production changes on nitrogen and phosphorus
loads and their effects on water quality in the
target area, Kasumigaura watershed, for the year
2020 (Fig.1). Simultaneously, it will focus on
limiting relationship between the two nutrients.

METHODS

The Kasumigaura watershed is situated in Ibaraki
Prefecture, with an area of 2,157 km? and a
population of 937,300 residents (2020). Its land-
use is dominated by agricultural fields, since it is
one of the largest food producers in Japan (Fig. 1).
Therefore, non-point nutrient pollution from
agriculture contributes to degraded water quality,
which is above the environmental standards.
Firstly, the study assesses current nitrogen and
phosphorus loading, with a main focus on food
production (consisting of farmland and livestock).
This was accomplished through a balance of
nitrogen and phosphorus based on fertilizer input,
with farmland area determined through land-use
analysis. Livestock loading was based on the
number of various kinds of livestock and their
corresponding manure leaching. To validate the
nutrient loading estimations, expected water

quality was compared with observed water quality.

Expected nutrient concentrations were estimated
through the division of estimated nutrient loads by
runoff water (1.5 x 10” m*/year). The method for
runoff water calculation is shown in Equation 1.

paddy field
upland erop
W urban
I forest
B vater
golf course

Fig.1 Land-use of the watershed (2016)
Q = a(h — hy)” €Y)

where Q is discharge (m®), h is stage (m), hq is
reference stage (m) and a, b are constants.
Observed water quality was based on monthly TN
and TP concentrations provided by Ibaraki
Government (2020). To conduct the dietary
analysis, number of consumers of various food
groups was assessed through food production data
and average yearly protein intake of Japanese
population (MAFF 2020). Feed self-sufficiency
was assessed through livestock feed production
data. Then, a dietary scenario where the livestock
protein produced in the watershed is replaced by
the same amount of legume protein was explored
at various degrees (30, 50, 70, 100%). In the feed
self-sufficiency scenario, different levels (30, 50,
70, 100%) of the watershed’s livestock feed self-
sufficiency were assessed. Lastly, nutrient
changes were calculated according to each
scenario, through division of scenario-related
nutrient loads and runoff water. The limiting
relationship of the nutrients (N:P molar ratio) was
based on their load contributions.

RESULTS

The estimation of nitrogen load (Fig. 2) correlated
with the reported value of 4,343.5 ton/year by
Ibaraki Government (2022). The load was
dominated by food production, with 1,668 tons-N.
The assessment of phosphorus load (Fig. 3) was

[FrJ&] *H K%, * The University of Tokyo

[Keywords] Eutrophication, eating habits, alternative proteins
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Fig.3 Estimated phosphorus load

also closely aligned with the governmental value
of 324.9 tons-P (Ibaraki Government, 2022). In
contrast to the nitrogen load, contribution of food
production was much less significant, with 49.6

tons-P. The largest inputs were from point-sources.

Expected water quality for nitrogen and
phosphorus was 2.85 mg N/L (TN) and 0.212 mg
P/L (TP), respectively. The monitored water
quality was closely alligned, with nitrogen and
phosphorus values being 2.88 mg N/L and 0.202
mg P/L, respectively. Analysis of the dietary
scenario revealed a decrease in both nitrogen and
phosphorus load (Fig. 4). In the case of nitrogen,
the water quality can improve up to 2.58 mg N/L
and phosphorus up to 0.202 mg P/L.

2000
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0
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mCurrent  m30%

50% 70% 100%

Fig.4 Effects of dietary change on
nitrogen (purple) load (tons N) and
phosphorus (blue) load (tons P)
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Fig.5 Effects of feed self-sufficiency
change on nitrogen (purple) load (tons N)
and phosphorus (blue) load (tons P)

In contrast, feed self-sufficiency changes led to an
increase in both loads (Fig. 5). For nitrogen, the
load increased to 2,160 tons-N, with concentration
increase up to 3.17 mg N/L. For phosphorus, the
load could rise up to 57.9 tons-P and the
concentration up to 0.218 mg P/L. Moreover, the
watershed is estimated to be phosphorus limited,
since the N:P molar ratio is 29 (>16: P-limited;
<16: N-limited). The limiting relationship did not
change with scenario analyses. This suggests that
dietary change alone is not enough to prevent algal
blooms, however, nitrogen reduction can help
reduce their intensity or growth of harmful spieces.

CONCLUSIONS

The replacement of animal-based protein with
legume one led to a significant decrease of
nitrogen load and TN concentrations. On the other
hand, phosphorus inputs were mainly from point
sources. Therefore, although the scenarios showed
some improvement in phosphorus loads, they did
not have a drastic impact as observed for nitrogen.
That is why, feed self-sufficiency had a stronger
effect on nitrogen compared to phosphorus.
Despite focus on point-sources being crucial, shift
towards sustainable eating habits should be still
encouraged. It can be accomplished through focus
on alternative protein education, incentives,
accessibility improvements, and subsidies.
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Estimating the Nutrient Load Using Weekly Water Quality Data in Vientiane, Laos
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Improved SWAT-PADDY for estimating nitrogen dynamics in rice paddy watershed
(part 2)
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Bz DDZ# L TUW5b, Soil and Water Assessment Tool (SWAT) 13 & ¥k T oK E B
DOBFICHERGITHER SN TWAEARLET LN, KBARBIZKIT 5 HFHREOKS N
fEfichTnsd, ZOBEICHET S0, HATIL SWAT-PADDY 23 % Z v, K&
HOBHENRAONTE 7, Lol KBEFEAO R Ky LIS W T, O kEE 2
FlESNT LEPOMMBEEZEDBRIAMSA TS, OBEHENEMLLE - LT
D2METHDHED, LEADICEIMEELSLIFR SRR, REBERD L, K
e cix, K EHEOEFEBHEIZHEH L T SWAT-PADDY # W B L, #E MM %2 MRFE L 7=,
2. Bk
(1) SWAT #E 3 SWAT (il /K XLET L TH Y . KB - HET — X )5 H BN CTHJIE
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HAZ =L TABLOEZHEAL LR L2,
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Concentrations of Neonicotinoid Insecticides in Tap Water Sourced from Groundwater
in the Yokote Basin, at Akita Prefecture
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Reproducibility of Oxygen and Hydrogen Isotope Ratios in Mountain
Stream Water Using a Rainfall-Runoff Model
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Fig.1 Schematic of rainfall-runoff model.
N
A A
= 35 )B4 3
6, = [(10 [ B)fl +B] X 10

_ h-10738, + 1073

Uiz, KRR ICHEAKDRMALBASL, $EH A° Torri006e > (1)
BIC LK BEAL LRI R R OB Blc L& b h-10
ELSEHILTH I INIEBYBRAM KRR s T J

To. FRFEWATHED AL IR b 23 BT R 8 <L, (1)1 5 EAO I

79 Gonfiantini ZIZHEIHLDOELT-. ;zlzo zéggggiaﬁ

3. ANT—5 AEAGMMITRMBELIT o7 2019 E~ 0 BERR

2024 LUz, BRAKBIIMBITNET — 22\, BAKBEORIN |« ARREEERESR
PR HAC U T, 2 A 00 [ 4 b B R e L i oy (2 HIMAHRIERHE
B ENZIE U228k (Fig.2) R 32800, BLIE L DHEESND — RO bR ERE & O
00 ZIEW, H A a?D 680 1T FE M EORE L FERMEDH U Bl RN
E DTz PHIZ "0 BB Dr— TV KA G G HUIBIZ 31T DB K D 6'°0 & 6°H Dlal)q
EA)ZHAWTED-., ERREHEIT Penman LUK DRI BRI AT CTHE

* KBS R EFE KB %8R Graduate School of Agriculture, Osaka Metropolitan University
ok At ==z Sanyu Consultants Inc.
wrx O]PRINNT K T4 R R Professor Emeritus, Osaka Metropolitan University

F—U—R KO - KFELERAALL, BT 0, IR K

— 553 —



EL. Fo, X(DIZBWTHEERLIRKQKAEKD 6 EITHE
% FEERIZ LD HE M (0'80=—19.00%0, 6°H=—123.00%0) % i\
2. KA, BEICOWTRITBEO T AX ABHME % W=, K|
DK BT EL HiCHE BT S 405 IR 1 B HE RF I K TR A e R 375 109
ICHBUKE BN REINDEDELT.

AETILORIE ARWFFETIX, xERFEN O LARZE K (H B
25 L AR D B DB 7 I D B O 3 H K ) 123 1T DRI B G A
BEEIEH 1 BIRE) OFBEEIZOWTHRIEEZITIZ LT,
L, BT — 22OV TE 2006 F~2011 F(2B1T 5K H
HELE RIS OLO LN GELNhoTTzd, 22 TIEE
OHIENICI T D0 EOHEE R Z N R /ML DIl n s, &
T kE G BRI 351 2 52 101 D 1L AR5 378 7K 0D [R] 52 445 Bk D HE 7E 7R 76
NN EIR DI RT A= H DI R E&1THZ LI LTz,

5. #HRBELUEE Table 1 [THH CTEEL - /KIBIOL A
R K DRI AR  (EEME) &, &5 L Cab& L7zl AR 7 K
DFEALAR BT D EE LR R E4 R LB D ThD. &
KD B0 BEY H 1TV b FHIIC L THAEIZE AR, F

1000

800 -

600 -

% (m)

"HE 400 A

200 A

0

-12

10 -8 6
3150 (%)

—O0— 2022/6/1 —a&—2022/7/1
—0—2022/8/1 —0O—2022/9/1

---O-
--0-
———)-

--2022/11/1 ==--a8---2022/12/1
--2023/1/1 ==-=0---2023/2/1
--2023/3/1 —@—2023/4/1

—&— 2023/5/1 —&—2023/6/1
—— 2023/7/1

Fig.2 Relationships between

elevation and 6'%0 of the
precipitation in the
Chikusa River Watershed.
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