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Nitrification and Denitrification in Anoxic Water
in the Brackish Lake Nakaumi

Yasushi Seike, Minoru Okumura, Kaoru Fujinaga

and Seiji Kurozumi
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An interesting phenomenon, accumulation of nitrite, was found out in anoxic water in hypolimnion at the
central part (6.8 m depth) of the brackish Lake Nakaumi during summer season (Aug. to Sept.). The main factor
on nitrite production was examined by field survey, laboratory and in sifu experiments. The mechanism for
variation of inorganic nitrogen such as ammonium, nitrite and nitrate were also examined.

Though Lake Nakaumi is a shallow lake, it was stratified with a remarkable halocline which usually developed
at a depth of 3to 4 m. Anoxic water was observed in hypolimnion in summer season. After ammonium increased
highly with decreasing dissolved oxygen, a high concentration of nitrite was accumulated with decreasing ammo-
nium. From the present study, it was concluded that the accumulation of nitrite in anoxic water was mostly due
to nitrification induced by an increase of dissolved oxygen, supplied with inflowing of sea water resulting from tidal
current. The nitrifying activities from nitrite to nitrate measured under the light condition were significantly lower
than in the dark condition. This result suggested that no production of nitrate was due to photoinhibition for nitrite
oxidizing bacteria resulting from the shallow lake. It was also suggested that nitrite produced by nitrification was
denitrified in water-sediment system, resulting in a decrease of total inorganic nitrogen in hypolimnion.
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Fig.1 Map of Lakes Nakaumi and Shinji showing the observational stations(@).
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Fig.2 Vertical distributions of water temperature (A), salinity (B) and oxygen saturation (C) at the central part of Lake Nakaumi

(Sta. 4) from May to September in 1981.
(@) (Seike et al., 1986%).

Sampling date ; 11 May (A), 3 June (A), 6 July (O), 3 August (O), 2 September
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Fig.3 Distributional pattern of DO saturation observed at
the cruise of 30 November, 1981. A broken line repre-
sents a halocline (Ohtake et al., 1984%).
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Fig.4 The depth-time distributions of NH,*, NO,~, NO;™ (a)
and PO, (b) at the central part of Lake Nakaumi (Sta.
4) in 1981.

Lk, EHTT 7 b ORDAREELSAER
WKELSHEEIND I, BLUBEHFTCREYM ">
Y7 iENOs” 2FHTERWI L EREZ Y, &
512, FE¥E Skeletonema costatum, Cyclotella sp. 8 L OF
TEHEEYE Provocentrum wminimum 13 NOg™ ([TBEL T
NH," %A L, NH," »ERBED & &121d NO;~ 27|
Ay 32 ER2HEICT B EE DI, TO NHS OESE
EBhHICHIR T 2 77 > 7 b USRI DV T
ZBZEHRRLEY, 612, hESEAETHILZ L
BENMLULEITICEY, NOBE L CIBE Lo
WHHBEMOH 2 Z L B BWIEL, EREAFO NO;s »nFE
EUTHARNKICHEKT 5 Z L 2L MICLEY,
oD s, ZFBIF S NO;s~ OBEIMERIL, Kk
DET R HBRFE OB & v o R REEICHE D {EY
77 b OB AAREEOE T ML, NOs 1o
S UTCNHS 228777 b OolEEZKR
BRL, MALTEL NO; SFJHa i wWicw, 20 %
FWOKPICERE, THEANDPT L EWI A=A L
2bDEeEZONS,

3. BiBEOMIEYEE

AR L 72 & 5, HEHOOTE (4~6m) TIF8
A» 5 9 o T NO,~ o#gfn - EREBERBFIED X
SWEHaNE, ZhiE, BAHTEOCERTRBICB
RN RERTH D, FABROSBRBEREZTEET 2 L
TEELRRIGEEZ NS, —i#iZ, NO; ik, Fig.5 0
s & USRI ORISR R & 91, NH,S %
5 NO;™ ~NOEE{baBE, 52 vik NOs~ 0ETBREOH
b L LTERENE, Lic->T, ZOMERICE 3

NI | -El ectronic Library Service



The Cceanographi c Soci ety of Japan (0S8J)

WK OBCBEN ReEK K-AE #@E

U NH* of B E X, ThZh200 pg®N1"' BIL O

kS 530 pgN-1"' DB TIT- 12, 2 2 TR, BT 24
Ik BOH VT, R (HE) 10w iHEib
N,O *‘E3 95,
4/// [ o BAEIEE 12 DO H3930% 127 % % CIREEZE M T 5
M, TO®IEF—EwikstERERL (Fig 6-a), H#&
NH,* " NO,™ . NOy” B DO & FTORMEDS T 2 2 L 2RL
[ Nivification > 720, chky, EP?E?:‘EHJD®E§T!§U) DO &4 T T
ERIEHTHERI D E2 2 LRI N,
<Nilrate Rcduclion] 3-2. MWHEEMCRETEEORE

THALIEYE & B & OBREREI 3 2 72912, NO,~ 8

Fig.5 Production routes of inorganic nitrogen by

nitrification and denitrification .
Terperature (°C)

20 2% 30 B
ﬁiﬁiﬁ%i 6h5b§, [P?Eo)i%é,, NOzv @%}Eﬁﬁb:%ﬁ% 0 Relative lr;diance (%) .
B0 NH BBl h2 b0, NOy 3Bl sk Y

200 400 600

Water Depth(m)
» N e W N - O

Zems (Fig 4 2R), Akicdgansg NO, - 13
{LIRISHR TH % aJgetEosE v, L L, NO,- OEHEE
D DO B810~30%RBETHL L kA D E (Fig.2 &
B, 20k > REBEZHTCRLL THa2ibsiE
M EIDORRMOBE S, £/, 2O NO, sk
ThsEThig, 28, bk TH 2 NO, £ TORIGT
Abv 7L, NO7™ AOBEBEEZ LD DOVTDH
REOELEZD2ThHE, TNODA N = AL RFRAT

= P ure (" ative Irradiance (%)
51 AT ORF 1T 12 2 2% = o T
1. BEEHECREFT DO o T =N (V1)
e - o o 0 20 400 600 B0 020 40 60
R L 72 & 942, 10~30% (DO%) BRE OB ESM: o : n@
| A
FCRELTHIRRIEAEI DB 0L 5 IR EM0D 1 f—t D)) -
. E : 1 =
B3LZnThs, 22T, COREHESHIETERD £ ] g, L1)
= . & S —r &
12, % DO &M (14.1~97.4%) WEEL, "N #HRik% v A f—rz) B4
RV TRIE £ BT ORRIIEY £TORE LY, & 2 o o
KB, ERJEEARTITY, BETHZ NOy B i /
::; 140
T Temperature ("C) Relative Irradiance (%)
z 2 2 2 % 0 50 100
g o b) i ) ' ‘ ' I N'( V)
v I =N (ug¥1) — N AU
3 w00l / 0 w0 40 e o 020 40 60 8
c o x
s 1 ' -
-4 + ) a
¢ eol ° g 3 . 3
© o . .
2 g4 ; 5
- 40 |- = 5 : =
= s ¢
g 20 | .
ié Fig. 7 Effect of light intensity on nitrification activity by iz
; % z'o 0 5o 86 100 sttu incubation experiment. Vertical distributions of NH,*
DO ¢« %> (), NO,~(m), NO;~([1)), relative irradiance(QO) and water
Fig. 6 Nitrification rate (a) and nitrate reduction rate (b) at temperature (@) in the dark (D) and light (L). I, Initial data;
various saturation percentage of dissolved oxygen D, and L,, after incubation for 6 days; D, and L,, after incu-
(Seike et al., 1986%). bation for 13 days.

NI | -El ectronic Library Service



The Cceanographi c Soci ety of Japan (0S8J)

FAREITE I B 1 5 BRI R O « i

ER SN AR RO LI B L ORIBEER21T-
7z (199549 H). EEA (6.5m) ZHFHL, B« Bo
DO ¥ (100 ml) 3L 7288, BAME & B D& 2 % &k
% (0, 0.5 1, 2, 3, 4, 4.5, 5, 5.5, 6, 6.5
m) TRBELAVFa—rTBIEIDBETL K,
Z OFER, BRI oW T, 6 A% NO,~ O8EiIhiE o
% E[ARFIC—#8 NOs™ icfgfba n (Fig. 7Dy), & 51213
HBIIIZE A ELTH NOy ir 2 ek a7z (Fig.
7D,). —7, B DLW T, 13HBOKE 4 ~6.5 Mz
BT, NO, oS- EMEh, »OEL RBIZCEE
BEmsE L wiER 2R L7z (Fig. 7L,), UL, NOs™ i
FCRERINT, 74—V FERAOER (Fig. 4 2)
E—HL T, ZORERIE, NO 0EREEHRCKFRED
BN KELCEELTWEILERTHDEEZSN
%,

4. hiBOREEME

-1, BEEHCREITHZERFORE

BRZEiEt i BuEd DO oBE e >w T 7 F v U HE
L 2RET R TTo 72, WIER (8JR) 5 & LEREKIS
ml & EEEEEE (70 ml) I A, SHOERR (0/N,)
%05 523%DOHBETEIL ¥, BERET CERET
WiRET L 7z (Fig. 8), ZOfR, BMEEEIRISHEHOER
BOMIMcHVWETONHRIREE D > bDD, 2
K[EFAREOBFE T L EBRLETONTO% OERE%
MUY, —fgic, BMEME S EEREIENETH Y, iF
S[EHTTRIRESHES RS Z L 2E 2 % &, Fig.8
DFEFRIZEKREY, ZORRARHELLICT L1201, R
HNEEN A LBRIIDOWT, FNFTNBESET LB
BEETCEEEFANL (Fig.9), &1 OBEEE I,
SHHDERT A THEFRFO D (2 BLU D) 21.0&
L7z: EOHTEETRL, »pDOAWEE NO; (a,
~ay) & NOy (bi~bs) LT TRL TS, DGR,

1.0
2 o}
[
o
o 0.6
>
o 0.4
L
=4
0.2}
0.0 L 1 1 i 1
o 5 10 15 20 25

O, In Gas—-Phase (%)
Fig.8 Effect of oxygen concentration in gas-phase on the
denitrification activity under non stirring condition at

30°C (Seike et al., 1986%).

a b
10"—‘0"—‘ 1.0 *
+ *

L1
- 0.8F 0.8
[}
4

0.6 0.6
v
>
® 0.4 0-4}
o
x 0.2

r xx 0-2F

* *
0.0 0.0
ar a2 Q; Qs by ba b,

Fig.9 Effect of oxygen concentration in gas-phase on the
denitrification activity under stirring(**) or non stir-
ring(*) conditions. Experimental conditions: gas
-phase, N,([]) or air () ; temperature, 30°C (Seike et
al., 1986%).
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