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NITROGEN RELEASE FROM LAKE SEDIMENTS

* *
OMBE ©IHW . AE B&E—
Masaaki HOSOMI, Ryuichi SUDO"

ABSTRACT; The contribution of nitrogen release from sediment to total nitrogen loading
into lakes were studied in Lake Yunoko and Lake Kasumigaura. Nitrogen flux at the sed-
iment-water interface was estimated by a mathematical model based on the Fick's law.
There observed little differences in NH)-N release flux from sediments of Lake Yunoko
throughout the year. NH)-N release flux in the profoundal zone was greater than that
of the littral zome. NH)-N release flux at the lake center ranged 45 to 65 mg-m=2.d4-1,
whereas NOx—N(N02+NO3—N) flux from water to sediment was negligible. It was estimated
that internal nitrogen loading in Lake Yunoko ranged from 7.3 to 11 kgN-d-1l and was
equivalent to 15-36% of external nitrogen loading. In Lake Kasumigaura NH),-N and NOx-N
concentrations in interstitial water changed seasonably. Maximum NHy-N release flux
was observed (69-134 mg-m=2.4"1) during summer and early autumn. NH)-N release flux
decreased with water temperature(-2 - Smg-m'g-d'l). NOx~-N flux from water to sediment
in Takahamairi Bay was comparable to NHj-N release flux except summer. Internal/exter=-
nal nitrogen loading ratio during summer in Takahamairi Bay was 0.5. This ratio in the
lake center area ranged from 0.5(winter) to 3.0(summer).

KERWORDS:nitrogen, release flux, lake, sediment, interstitial water,
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DISCERAEIBIAH TR CEVTL, BLEA»HERBEBAK ~D Table 2. NH,-N release fluxes from
NOx-NEEGERH A bht. T, MK D T <, B bk 38divent at lake center of Lake

KHLRBEAENOx— NBBFEELEh ol SD LSRG HOEHEE 3, Lo e s
St. 4 TARABPTH oo, FMEAKPENOx-NOFEE L HREH ST, 1 Date (ng-m 2.7
FOLRL, FRE~FHC LT TCOERBREBCR0.1~0.2mg L™ L 507 15 1978 17
St. | RE~p7 VERETH o/, St 20 St 1&, $1St. 3ESt 9 Ml ) 1a79 %
MBSt 4 EPAEHEBET LA, ¥ TROHAR S TH, NOxN ror 12 logy 63 o
REMO T —MERAIE, B EAEERMEE UTHEAD A ARBA L Jue 10 19 65 oo

U =R /o

Aug. 8 1981 55 ddkk

* porosity ¢=0.98
*x 82=1.25 cm
b 42=0.5 cm
3.2 K—BERRACKIZNH-N® IUONOgk—NOD 735, 72 woee 23=1.0 cm
Hosomi et al%) showed that there was

g@}mﬁ,b@ﬁﬁﬁigmfﬁ[ﬁm(pig.ﬁ; 2R) rELEKEDONH~N & ™ significant difference between

the mean values calculated from the

EARH»BRDINH-NOEH 7 5 » 7 A% Table 2KiRT, B.OIEJR s marhenstical model mechods of 4470.5
HBONHNBEWH 75 v 7 AR WHBELREHE L L RS Y, 45~65mgem id™"

DREEC Hote, ¥, 1982F FH 27—+ FARBOWO T

FHETHERUTHBE = FA Ly, NH-NOBEH7 5 7 “/ﬁ/
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79 7AM5~20mgem T EPZ A, KESX10m BT __
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1
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NH—NOBH75» 7222w Tik, £MSELTH Table 3. NHg-N and NOx-N fluxes at the sediment-water
9 A 69~ 134mg-m™+d "' E BAME R T Lo 10 A nterface Of Lake Kasumigaurs

~ (- ~ ‘'m " -* ™ Co ~

Fig.9. NH4-N release fluxes in Lake Yunoko (1982)
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12AkR, EMOMESKRP L, SBE1A~3A Nitrogen Flux (mg-m =-d")
erio
St.1%  SL.2%*  St.3*% St.A%k St gwx
ik, ABEEILLTlLr280B 77y 2 A E S
198 NHg-N 10 14 15 16 16
oo WSt 1 TR, BEEKHBLEEAND 7 5 v 7. AD0 Apr.-dune  NOx-N  -14 -6 -1 0 -1
. 19 . 1981 NHg-N 68 83 6 134 87
ROHRI, FHREGNH~N OBEBEEDOFHEIE Juy-sep. NOXN 0 0 0 0 0
, : Si el 1081 NHg-N 34 37 i) 53 25
ROMEBMOTREREERL T = V=P LB L0yl -t % -5 0 3
MCAHBRELIKRES KB LR L, 1982 NHA-N =2 3 4 3 8
) . Jan.-Mar. NOx-N  -12 -8 -6 -5 -4
HE,EEESIHC&Ez t. ZKEE??‘G m%')ﬁ?a St 4.4, gt 1982 NHg-N 8 22 3 29 19
Apr.-June  NOx-N -7 -3 0 0 -2

KoM sV TLNH,—~ NOBH7 75 »v 7 AnE K&
. . . . T Negative values denote nitrogen fluxes from overlying
ol BOWMTRKEIKEVWBEBH 7S v 7 AMKR water to sediment.
* porosity ¢=0.94
KEL L aERAPADLRIH, BriE T, KEHEL ** porosity ¢=0.95
kb HoT, St.ARRTE, BR7 5y 7 ARCERBERERENADRIE) 2 10
EEKNGERANDNOx—ND 75 v 2 22Tk, AL bR ereicdbfdo&dn Lz

ERPLEERD ORI ok, HMANCEZB E, WTFhoMBIKE W Th, NOx—~ NOER~D 7 F »
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7 ADBSt, 1,68t 2, St. 3
FTIERBA T 5, St. 4 FLUVSt. 9

Tabie 4. A comparison_of nitrogen fluxes estimated by the mathematical model
method, the laboratory core method,the in-situ core method,the in-
s1tu chamber method,and the mass balance method in Lake Yunoko{1981)

T, 1 A~3A%BRFERERLE
NOxy~N®D 75 v 72 Ap BB TE D,
K-ERMcsT 2HEBH OGS
26, NH,—~NDEH75v 72 2 ELE
B~DNOx—ND7 Iy 7 2% L
oo B GINH,—N OBHE EHEH
779 2ATHBEN, Ltz St, 9
FRAEVCTROMA L S NOg—N ©

Flux ( mg.m'z-d'1 )
Mathematical Laboratory In-situ In-situ  Mass
Method model* core core chamber** Balance***
(Aug.8) (Aug.8-11) (Aug.6-12) (Aug.6-12) (Jun.1-Aug.12)
Lake Center 55 50 40 30, 38, 48 28 - 42
Yutaki Station 40 28 36 28, 38, 48

* NHg-N release fluxes were calculated from t=10°C, ¢=0.98, and A2=0.5 cm.

** Data of three in-situ chambers are shown.

***Total nitrogen flux is estimated in the mass balance method and denotes the
mean nitrogen flux from whole lake sediment to lake water.

ER~D7 35w 27 A5NH~N OBEH7

v 7 A%T LEEYD, MBTEI T F 9 Table 5. A comparison of NHa-N fluxes estimated by the mathematical model

method, the Taboratory core method, the in-situ core method, the

7 A Eo e, WMATNIDBDONOg—N In-situ chamber method at St.J of Lake Kasumigaura (1981)

DEBEYHRIBHSL, 1 &St 20 ¥k

Mathematical Laboratory In-gitu core*** In_gitu

W, EEivBR G, NHe— NOBH Method model™ corex* chamber+#x

KT T NOxy— NOER~D 735 v 7
AGDIOKERT Fw s RE LT EE MEWEdl)

DB ENTE S,

33 HE=FAKIENELEOLE

(Dec.4) (Dec.4-11) (Nov.30-Dec.2)  {Nov.30-Dec.2)

Nig-N Flux 26 18,19,22  18,18,20,20 27,30

*  NHg-N flux was calculated from t=10°C, ¢=0.95, and A2=0.5cm.
** Data of three cores are shown.

*** Data of four cores are shown.

***% Data of two in-situ chambers are shown.

BT VERIBEBED 759 7 ARDVTE
Bk BT Lic, 23, 1981 EBEDBOM TFF
SR ELER Y Table 4R T, AEHNES, ER
KZGERA TNOx— N 23 H & h ¥ NH,— N 2:DTN
DRKEEED T, TDISCFEDEVE L -
THEHR77 v 7ARETENRALALN, BBirh
—HBLTWw3LEz26h0h3, TGO TR, FE
Wi kHBHETrD B E if%%;‘%gl ANH,—N AH ~
Ty I ADBENRH AL, FORKE, BB 5
Vg, 27 —BPRGE, Fo v - EVEE
RENBDOLRIL M T,

REZr St 3(1981FEI1A) BT, §F
B XBNH,~NBEH75» 7 208 % Table 5
CoRT, BOMEME, HB=FrER

2.4

100 ¢

o
o
1

Mumber of sample:52

NHy-N Flux by the Laboratory Core Method(mg-m

14 = 0.903
L)
Iy S
a/no
0 B - .
0 50 100 (mg.m 2.4y

NH4-N Flux by the Mathematical Model Method

Fig.10. A comparison of NH,-N fluxes estimated by
the mathematical model method and the labo-
ratory core method in Lake Kasumigaura

FWE LB R—K L, $4St 1
~8t, BT, =7 —BWUBBEL L
BE xFrvErc 3 NH—N OB 7 5
v 7 ADRE R Z A0, FigloTh s
WEOH IR VHBARD bR, &
B, St. 3k TH EKBEONO, — N
DHR7 5y 7ALEBEFALERL B
NOx— NODER~AD 75 v 7 A & OE

Table 6. A comparison of NOx-N fluxes estimated by the mathematical model
method, the Taboratory core method, the in-sifu core method, the
in-situ_chamber method at St.3 of Lake Kasumigaura (198]1)

Mathematical Laboratory In-situ core***  In-situ

Method model* core** chamber#***
(Dec.4) (Dec.4-11)  (Nov.30-Dec.2)  {Nov.30-Dec.2)
<
?3373_51351) 14 1M,11,13  9,10,10,11 19.22

*  NOx-N flux was estimated by the same way as NHq-N flux in Table 5.
** Data of three cores are shown.

*** Data of four cores are shown.

**** Data of two in-situ chambers are shown.
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#Table 6 R T HEEFLERIBNOx—ND7 F v 7R
3, RAEDONOx—NHEE75 v 7 ADEHITH o 1o

SPRING ( April - May ) in 1981

19 , , . _ dobu Creek  2.5kgN.d”'
HHB ”‘%} ErHERXBABREER /AR LER LA, :a:tewat:‘ 1.p, NKZN-d'l Yutaki  30kgN-d”!
T
iTC#’%Bﬁ?ﬁ'VWEi@ikf‘ﬁ?&bfcﬂg’!%iEE%@ﬁT%& 125 1
1 e
~175mgem2d LB, Tirenbik, BENTH 27 ~EB T Lake water

1125 - 1462 kN
Release Sedimentation

Groundwatyr

EJ:ZKCF‘@NOX*N;)?}'Q%EO 80~90% MR B L 5 & & AR Seepage
Ltoit¢%6ﬁ ﬁ%§ﬁ155$ﬁﬂf%ﬂﬁoﬁﬁé 20 kgh-d
ﬁfvﬁannnb%ﬁ%%ﬁﬁwngﬁrm N 7.3-11 kgweat 7
LREBA~NDONOx—N D7 5 v 7 A%XRDTEH, bR )
SUMMER { June - August ) in 1891
VAHREBTE, BB ELTH, RBEmm TR E OF 2 A

Odobu Creek 2.4kgN-d .

BT EE2 L, AER T, EFAEOERITHE CHEKD Wastewater T.P. 20kgh-d” Yutaki  48kgN-d”

-1

1

DNOxg— NAHI LTHLTF, BREAE YR THo, Lich ! [
5T, ERETCBOLIENOR—NDOBEEY 5 v 7 2 DKTH o ma:%?? :Zfi:ﬁ:
BMECIBLELPRD, 2O CHEBEFAER L 5NOg—N Seepage
DER~D7 T » 7 ARBEEELLT, LHLBIENTE 3 k-

-1 v -1
7.3-11kgN-d 10-16kgN-d

Bo (9.9-15kgh-¢™)*

UEoEELL, K—ERBMOMEBHEE(NH, —NOKE Fig. 11. Nitrogen Budgets in Lake Yunoko
(* Values were estimated by the

WEBME) v HETAREE LT, HBEEF LR EHE L1k nass balance mathod.)
NAELENTEVZ B,

Table 7. Internal nitrogen loading in take Kasumigaura

3.4 BENFCLHDIEROEE

Internal Nitrogen Loading (ng'd'1)

?% @(‘éﬁ Tk NHt_ N @ H'-ll 77y A @iﬁ’ﬁﬁ‘@) ‘id’\ 73: W ﬁ; 4 period (Takahaggir} Bay) (Lakzoée?\ter Area}
WA IoTENKBZE, $1NOx—ND7Z7 59y 72k A Aer.-dune 198 340 1400

. - . July-Sep. 1981 1600 8100
FEBBTEHZENLDL, Fig 9B IV Tk, 4 mUBE  oce.-vec. 1981 930 2500

N 2, g - . T . Jan.-Mar. 1982 80 620
T10mgem *+d”! 4m~10m K&E T20mgem *d™, 10 m LIF fpr.—June 1982 1o 1800

T30 ~60mgem *+d " 'e LT, BOMEROKED L DFEHHY
B 7y 7 ARFEM L, FOKE, FHOLBH 77 v 72 22 21~31mg-m -d '"TEE»H>DOEH
AN MEME, 7.3~11kgN-d &k otk, 33DOHWERIZETRDLER OB 75 v 7 A,
MeBOTPHMEEELLRE, Lto T, ZhrbB2BRERK I 2HNBAMZ, 99~148kgN-d &k
D, FBR=FrELPLRDLBELEEBUR—K TS, |BIEFHSICEHe St s EEOEHRKAATE
BEE ERCIAARATS ICHEE* FiglleRd, BRI 2EROMAATHEE, HE-—(XKV
TANEE ) OKBEXYBAOHAKE L L, FHMBRAAEOBARFOT -NEE*BKOTHEBE LT,
chrnbRDI, WRAR  HAETOLEKR, FHPT22~33%, BEPTI4~21 % Ecb, HHELR
ABBERBEURDIEo TV HDT, HHBRENTIARAMOLRLAK L2, TLYWENFZER
BT, HBROCAR I > CTHASh198I FE MO FPHILMEE &, 28~45mgm *+d '"ThHo &, T hh
LRORLEROLBER, 10~16kegNd™' T, BRCIZ2NMPAML HLETRELERT L,
ErHgoBMEENREEEAKEL, ELRATI S V0T, RAAWMEORERRD T LT
mic BB, T2 f‘bi%%mﬂ)‘ii DT ERYA D, 1978FEn0 1980F 13 5 BOX 1 ( Fig3 1)
TOLEHDEHMABT L, 2520kgN.d™ Thot, FTLEMBLIOLPOMAAMZ, THh Fh 2600
~ 3300kgN-d™}, 2000kgN-d™"Ch o, RFEIBOX3 T, F E, MrBLT2600kegN-d"'TH B »
Kl D& 1300kgN-d™ E¥ M L, FHHEAARMZ2330kgN-d' TH 5 12,

~%, Table 3ORFRCEARENLAPRRT H2HEE X »TE b8 T, BOX1HBLIVUBOX3 KB 5K
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Ero5ONH, - NEHC I 2WHARERD AL DM Table 7 TH %,

MAAMEKRD DN BELBNMC I 2RNTANEHEM LAXAEHM A —HLLVw0OT, 2Tk
BRENLREE®Tok, BOX 10X, MARIAZFEN KRS AHCIZHTATIERL TS 55,
BEHRQAMAN HAARMORREN0~60% b, FLBOLMTHBEBOX 3Tk, COLEMNEHMT
300%, ZHATE0% LFEHCH Vs ZhODFERIE, EFENZOFT, EE»LOEXKOBFH L 5HRA
i, BOX 1 CaEfic, ¥4BOX 3TRFEMYBAULCEEANBRLDIAZ LY ER LTV 2,

4 F &8

FHER, ERRNFeLHdEEROBLYHLrC T o0br, BOoMEBrifivds LT, ZHE =T
MERI DK -ERAACKTAIEED 77 v 7 A% RDLIDTH 5, LTRLOHERYENT 2,

() NH~NOBH75 v 7 ACHEHEEXHETAHEL LT, HE =71 EQREM®R LR, KEh
ENTD o,

2 BoWELrsFsHEBAkPRRE, DTNDOS HLNH, - NAXAELZED T, NH,—NOHHESD A
G, EHREHRRDLA T —FEX R L. HBE=FAER IBZNH-NoBEH 75 v 721, BLHLTA4A5
~65mg -m dT I EEFTH LD, AR I o TRE o7, NOx— ND 755 7 2, i2EALER
TELRBETHo>. BOWERCIZABATZ, 73~11kgNd™' THABHPLPHERED 15~36% K
Hl b,

B Br#iciBoMeRnry, MEBAFONH-NPNOy - NaEHFEHLBADLh T, BLEKREE
s 28HRE Lok, K-ERAARCETIHIEED 75 v 2 A, ZOFsHe it LTE LA,
Thbb, E~Komber3 T, NH,L—NOBH 75 » 7 A08HBAKERLD (69~134mgem™%d™" ), &
PERCIFICREMEE > (—2~8mgem ?+d™"), St. 1 ®St. 2 T, NH,—NOHFEHLEF THKL
WELEER7Iv 7 A Lcol, NMAN/ RAAHTOLE,IFGRA (BOX 1) Tk, B 50% ¢ &
e b, WOLE (BOX 3 ) TREMTBLT, 50~300 %THol,
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