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Nitrogen Mass Change and Cycle in Lake Biwa

Hideaki NAGARE’, Shigeo FUJI" and 1sao SOMIYA™

*  Research Center for Environmental Quality Control. Kyoto University, i-2 Yumihama. Owsu. Shiga 520-0811. Japan
** Faculty of Science and Technology. Ryukoku University, !-5 Yokoya. Seta Ohe-cho, Otsu, Shiga 520-2194, Japan

The mass change of nitrogen in Lake Biwa was shown. and its cycle was discussed and compared with the input/output
loading. Nitrogen exists at 10,5X10% 1on in average, and its minimum and maximum mass are 7.6% 10 16n. 13.4%10* 10n,
respectively. Its average mass is equivalent to 133% of the annual input loading. resulting in 1.6 months of residence time.
which is shorter than 5.5 years of hydraulic retention time. This indicates that nitrogen in the lake is removed by settfing
onto the lake bottem or denitrification, and the removed mass is estimated to be 71% of 1the input loading.
Phytoplanktons mainly utilize ammonium nitrogen in epilimnion whose mass is only 1% of the total mass in the lake.
rather than other inorganic nitrogen amounting 10 more than ten-fold of ammonium nitrogen. During the stratification
period. almos! all decomposed nitrogen in the organic matter is oxidized into nitrate. and half of them is likely to bhe

removed by denitrification,

Key words: Lake Biwa, nilrogen. mass. budget. cycle
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Fig. 1 Sampling points in the water quality survey

in Lake Biwa.

YaNFERLZERT D
w) KT Elc AL A EERLHE T 5
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HEMORAAWERS L UMHATNR A TRkl v it

TLE, AROBARBITMN, KE160BT (R

EL), HFK, TARMBEBELLOBKEARY T,

3. BRHEIUER

3.1

BB TOBRNRE

Table 1 {ZAME TV LA AR RICET 2 CHkin
EFRY. RPIZE, BEAFRELZ Lo, SOREL L E

AMETHAB L LOLEER S,

WFROIAR I »ERKE WV, HFICAHRO AR
et R RSBV T, Bk & B hMEORz 8. 3x10°
tonN D EMH D,

EABAORROTIZIE CHAATRLIGRL Ty
BLEZODNAN, MK ShTWAAEICEEMNLELE
BWETZ ERTELL, 22 TIHADHEA, KRBT
W BRKEEDL),BTA, FROUBBEIHLOEERAO
FHA LI TOMEM TR ENL, &mA
BELTEHRT 92010 1onNyr! BB, 5L, ik
DL HIZTRIE, BIZEN A LDARWRIZIEOC DX 4E
Wiew, RRXCIAMIIKEAAF ROEBERFSIIAYY
A 2.6x10* tonN-yr!' OHEXBREL, XOTFH@E L HDH
B (7.9 £ 2.6)=10° tonN+yr' & LCHELEDD, =
hUMRE, SHEFEEMIT I ENEC L 2 RMs R L
#) LTS,

EMARANIC A RSN LR L L < 15%
(62~81%), RWTKREMALOHBRN 13% (10~19%),
LTHTFARE LTORATS (5~10%), TR A Lo
A% (5~9%) Thot,

RO OWYNARNRLE L TTable 27512 &
HRALMEINTVD, EEMHLIIEMNI, EEM
Bk, FInRERMOIEREHCBALBEHL, 58K
OWBIIFIIBRIAT VS, 200D, fidofiAf
FRIZHESEELIE, loEbo&13 080, AR
HROBS LR, MLANRTN®ESL L T2 3100
tonN-yr' %i&f#-, ’

W B A o 29%

(22~44%) EA5<, T1%

Table 1 Input nitrogen loading to Lake Biwa {1onN-yr'),

Research River River River  Atomospheric  Ground  Domestic \ Evaluated .
.. lotal . Reference
Area (dry) (storm} {10tal) deposition water wastes period )
whole lake 1.652 846 1.004 1965 i
_wholelake | 1694 e 886 M004 L o0 |
whole lake 4.793 &60
(north basin) 3.760 787 1975 8)
(south basin) 1.013 7
_whole fake 3212 1,361 314 1975~1977 9)
whole lalfe 1.024 19741981
{north basin) 936 1989- 1993 10)
{south basin) e 88T
whole lake 5.424 39% 339
(north basin} 3.541 832 204 19761981 11)
{south basin) 1.883 66 135
whote lake 5.366 260~586 1983~ 1984 12)
whole lake 11.524
(north basin) 10107 1990 11y
{south basin) 1.417
whole lake 1.074
{north basin) 1.016 1991 L)
(ouwhbasi)l o sg R )
whole lake 2.483 2.484 5.038
(north basin) 4.347 1995 t4)
{south basin) 691
whole lake 1.800 1996 15)
whole lake 486 1997 16)
max 11.524 1361 1.004 486 | 14376
average 5.893. 1.01} 519 486 7.909
min 3.212 846 260 486 4.804
52— ARIREESEE  Jouwrnal of Japan Secicty on Water Environment
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Table 2 Qutput loading from Lake Biwa.

h‘;f::f:d Phosphorus  References
1968 86 8)
1975~1977 181 9
1995~1997 106 17)
averape 124
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Table 3 L L CTF7.
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7.6x10" tonN, 13.4x10* tonN Th 1=, £1-, L#E
B OCERREE/FHR) B18THoT,

B TIEREOLONEE ERBEE o, »Wh
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IR E S THMLRTOEECHDST T T Ik
EHOTFERIT O 3x10* tonl (3%), I HLRRAOL O
0.1x10* tonN (1%) Th T,

FRFEMERIT4AE 10 AORIZKRE (0~15 nk)
T 3. 1x10° 1onN 6 2. 4%10% tonN ~& 0.7<10* 100N
L+ a o (MEEREROMDIL0.8x10° tonk, 7>
FoTHEEFRE - FREERITO0.2x10° tonNIM), 25~60
mOBECLANLT AOBNT 4. 3%10* 1onN A28 4. 8- 10
tonN~N-+ 3 - L Thot-,
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x <, dbiRo> 15~25 m, 25~60 miBIC CiHR{ZEIZ L D

Mass (X 10° tonN)

FY1995 FY1996 FY1997

4 7 10 1 4 7 10 F 4 7 10 1

FY1998 FY1999 Seasonal average
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Fig. 2 Observed areal mass changes and scasonal averape in total nitrogen.
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Fig. 3 Ohserved mass changes and scasonal average in five forms of nitrogen.
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Table 3 Averaged mass in each region. Values in parentheses mean percentage 1o the total mass in whole Jake.

Statistics in whole lake o Average in north basin {Averages in Unil
Average (%) Min. | Max. | SD. | 0-15m 15-25m  25~60m 60 m~bim | south basin| -
Water volume 275 o0y | 27t | 27 2] 80 @9 4306 1241y 39 a4 14 053] xit*m’
™ 105 ey 76| 134 11| 28 @6 16 (6) 45 @3 16 (15| 0.05 (0.5
DN | 90 @& 700 11| 09 22 @b 14 ah 4008 14 (13 004 04)
» IoIN | 68 o] s7| 82] 06| LS g4 10 o) 31 60) LI (D[ 003 03)
NH/ND 035 | 008 toe| 024] 012 006 1) 013 (1) 004 (O] 000 ©.0)
NO.N| 027 ()| 004 080| 021] 008 (1) 004 © 011 () 004 (©)] 000 0.0)] x10°tonN
NO,N | 61 sm| 43| 78] 02] 13 a2 09 @ 29en 10 um| 002 02
L DON. | 23 on) 08] 35] 06) 08 (04 @ 09 & 03 0)) 00202
PN 15 an| os| 27] 06] 05 s 02 @ 05 02 @] 00 @1
Contribution ratio (%) Contribution ratio (%)  Contribution ratio (%)
0 50 100 0 50 100 0 5 100
o~15m TN
15~25m
25..60m W year
60m~bottom T @ season
- 1 Oerror
South basin

Whole lake

{1) total nitrogen (2) dissolved nitrogen

Fig. 4 Contribution ratios for variance of year and season.

(3) particulate nitrogen

HENLDL LR anT, B TOREFIZ VLTI, 33 RENMOMRER
ML GCIZRBEHD EITFAT, IR, AMIZE-T (1) - BUEMER L OH

FRALGMIEREAZOGRD LOO, 2HKE L TIIHT - EEMICTRESRZ—REER% Yable 4 IZF T,

ERBHERINTHS

3N THOLNERA/MBARRE L UEXETHIH
NEHEERLEDYFg. SIZ7d. RPOARMEAY
TTRENIEWM~OMAZBRL TS, MALEFER
[T YEERIOMA AT RO 133%(0100~199%) 2% L, #
WEsRlL 16y B (12~245 A) &2 D, EEEMOAREN
BRI A, 5 427 I ~IERIZE YV, 30 TN Tt
BHAVIBRELWLWABTRESRTWIRAE I E
AL, KFRENEFNRIY CEVWERoNR
BGLEh, M ERLRETIHBIRI LD EERL
TV,

Total input*

(79426 (100%) |
B.V

N.B. S

HDC2.3
29% (22-44%)

* RV 5.9%2.6, 75% (62-81%)
AD 1.0, 13% (10~19%)
oW o, 5, 7% (5~10%)
DW 0.5, 6% (5-9%)

RM 5.6 3.0~8.2g (10% tonN-yr'")

71% (36~78%

Fig. 5 Annual nitrogen halance in Lake Biwa. Value in i1alic style
means mass-quantity in water body. while that in normal
style is transported quantity. (RV: Riverine input, AD:
Atmospheric deposition, GW: Groundwater. DW; Dis-
charge from wastewater treatment plants. DC: Discharge
from the lake. RM: Removal including senlement and
denitrification)
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IhizEAE, REHIZILTE0 ngloms-day! BEH—
WEERHD ZEIID, EMOMAIEA6I6 k' & &
L., kA ToLERAPR TS L 470 tonC-day!' &
B, EIAHT, MBRHERERRE (POC) IZ2V1TO0~15 m
BB ATFERAZHALELE 25, 4~10 O EHTRE
113,600 tonC Thot, HO—&ALER LSBT H
ELPOCOMESRRT. THEHB IN S, CHh# LR
WMEMOE)™ [tLBAETL, REOHBELS Y
I FPBREAIDAIIMOBRTERL TS L

Table 4 Observed net primary production rate in Lake Biwa,

Primary

Year Mon. Points . Reference
. production ‘
1986 5~10  450~790  23)
1987 5 North 450
6 basin 780 24)
7 1140
1990 6 Chikubusima 394 25)
I -oki - 183
1992 6 Wani-oki 1288
7 990
8 923 26),27)
9 556
oo s
1994 9 Wani-oki  140~700 28)
| ;333 Z:i(l) Wani-oki  304-2,700  29)
. Yasugawa-ok: 885 ki)}

(mg-m*-day")
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south basin 258905

1985 north basin 10,100 35)
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1986 north basin 2,300 21)
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Fig. & Schematic diagram of nitrogen cycle under the ther-
mocline. Kjerdaht-N (Kj-N) includes dissolved organic
nitrogen and ammonium nitragen. while NO -N consists

of nitrite and nitrate nitrogen.

— &%



668 _ : % X —Origina) Paper

13 12. 1-x 0.9+x
PN I KN NO,-N
0.6 tonN 1.01nN|"=> 1.2 tonN
(=0 (+0.2) (-0.9
thermocline -
\
PN Kj-N NQO,-N N,-N
]6 J £ 2
0.7 tonN 5| 1.3 1onN |25 | 4.2 tonN F25
0.1 (+0.2) (+0.6} +0.7)
=15
v
77

Fig. 7 Nitrogen cycle in north basin of Lake Biwa during stagna-
tion period. Value in box withoul parentheses indicates
nitrogen mass. and that in parentheses is increase dusing
the period (*10° tonN). Transfer rale is also shown as
value in itakic style (19" tonN/six-months). The letters
x. 3 and = mean unidentified transfer rates. The cycle
within the thermocline is not shown in this figure.
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