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Effect of water temperature and light regime
on denitrification rates and associated variables

1" #$1%!$ #
& ! ()* * + *
: (- * + *&
& / -. * + *&
"0 #1
- $ 2%3 %3 4,
5
( 6
: ( 7
8 *
9 ( 6
8 *
[-4- ;<=4 ,=->8, =>7?
@ '4<=, -=A &/ <4)';&<,<=:4) " 4>-/;

( 8
B&<&,C B C



* *
D D4
*
Dl
9 *
gx * D& *
* *
* D A
* D
& *
$
D, 9* 8
B<'4C *
B&<&,CD , * * &<&,
D, *
9 D
- B/:C B %D E
D2 D'EDF= *°% G IDE#D' DE®#DF = $ 5 4G
*C D -
/; BH ID%H IDC *
* *
* 9* D,
* /;B $D"ED D%E D #
F) , *® G D ED% D ED2Z2F Y., ¥ % #G
*CD 4
*
D, * * /;
B $D E2D! S$#HDY%# EDF) , ®°% G $D#E D2%
$DWE D3%F ), * % #G *CD -
D/ * 9
*
D,
9* B
$D"E D23 DIRED"' $ % G D2%ED2" D32E D%3
$ % 4G *CD
4 * *
D 4 9
*
* D / 9
9 D :



9*

B&<&,C



CD)



- DDDDDDDDDDDDD DD D D iminyDin DyDiDy DD Dy DD DI DI DIBIDIBIDIDDDDDDDIDDDRDDDDDIDDIDI

' DDDDDDDDDDDDDDDDD

> DDDDDDDDDDDDDDDDDDDDDDD D DD D DD D D DDDDDDDDDDDDDDDDDDDDDDDDDDDDIDI

> DDDDDDD DDD D DD D DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDI

D < DDDDDDDD DD DD DD DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDDIDIDIDD

D & DDDDDDDDDDDDDDDDDDDDDDDDDDD D D DD DDDDDDDDDDDDDDDDDDDDDDIDD
DD 9 DDDDDDDDDDDDDDDDDDDDDDDD DD D DD D DDDDDDDDDDDDDDDDDDDDDDD
DD 9 DDDDDD DDDDDDDDDDDDD DD DD DDDDDDDDDDDDDDIDDIDE
D%D [/ * DDDDDDDDDDDDD DD D D DD
D2D DDDDDDDDDD DD it D DD D D DD D D D D DDDDDDDDDDDDDDDDDIDDIDI

D#D / *  DDDDDDDD DD DD DD DI IDDDDDDDDDDDDDDDDDDDIDDDIT

%D DDD DD DD DD D DD DD DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDDDDDDDDID

%D D 9* DDDDDDDDDDDDDIDIBSDIDIDSDIDIDSDIDEDEDIDSDIDYD b DI AP DIDIDDDIDDDDDIDDDIDDIDI

DD |/ DD DD DD D DD DD DDDDDDDDDDDDDDDDDDIDDDDDDDDDDDDDDDDDDDDDDDE
%D%D & * DDDDDDDDDDODIDDNDD DD D DD DD DD D D DDDDDDDDDDDDDDDIDIDIDIT
%D2D DDDDDDDDD D D Ot D D D D DD D D D D DDDDDDDDDD DD
%D#D * D DDDDDDDDDDDD DD DD D DDDDDDDDDDDDDDDDDIDII
2D |/ DDDDDDDDDDDD D D (0202020303003 DY DB DR DY DI BEDEDED I D AN DIDDDDDDDDDDDDIDIDIDIDIDIDIDIDI

2DD 9* DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDI
2bD |/ DDDDDDDDDDDDDDDD

2D%D & * DDDDDDDDDDDDDDDDDDDDDDDDDDDI
2D2D D DDDDDDDDDDDDDDDDDDDDD DD DD D DDDDDDDDDDDDDDDDDDIDDD
#D DDDDDDDDDD DD DD DDDDDDDDDDDDDDDDDIDD

D - DDDDDDDDDDDDDDDD D D DDDDDDDDDDDDDDDDDDDDDIDI
"D DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDDIDDDIID
D , * DDDDDDDDDDDDDDDDDDDDDDDDD D DD D DD DDDDDDDDDDDDDDDIDIDDDIDIDIDE
- 9 ( 9 DDDDDDDDDDDDDD DD D DDDDDDDDIDIDDDDDIDDDIDID
- 9¢( 9 DDDDDDDDDDDDDD DD D DDDIDDIIIDIDIDIIIDIDIDIDID
- 9%(=9% DDDDDDDDDDI»DDDDDDDDDDDD DD DD DDDDDDDDDDDDDDDDDIDIDIDI

- 92, DDDDDDDDDDDDDD DDDDDDDDDDOWBDDI



(, =$ *DDDDDDDD
( ,
%( 8 B C
2(/ 9
#( 7 o
8K/ 4 BC 8K/ BICB E,/ I
I(/ B-C
* BICB E
o,

DDDDDDDDDDDDDD DD DDDDDDDDDDDDDDDDDDIDDDDI
* DDDDDDD
9* B CDDDDDDDDDDDDDDDDDDDDDDD %
D DDDDDDDD D DD D OnimDynibiDiDyniny
( 8K &9 B-C 8K, BAC

2C D DDDDDDDDDDDDDIDD
BAC BC
J 12C DDDDDDD

D DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDEDIDDDNDIDDII

4 (; $ L
4 (>
4 %(> -

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

> & DDDDDDDDDDDD DD CDDmDIDI DI DI DIDIDIDIDIDI

DDDDDDDDDDDDD DD DDDDDDDDDDDDIDDDIDIDI



B D2 CB) M
) CD - 0 B=C B'C
B D #C
B7 D 33'CD * * = * B6 N
D "C ' B7 ) CD/
B= 2C B= C
* B, M 3 cO
B 6 CD, $
* *
D
_—{NOy
/

=$ *D
(=$9 ( %( 2(
#( I(/=-"C 9 (
- *
= $ DD * B/=;-C
9 B=) ,C B= B 9C /=
9 BA ) "6 "CB: CD/=- 9 *
9 * B > D C
9 = * 9 $9 * B 33
4 / CD 8 =- =
* D< -
9 B= C B, M I A )
"CD
/ 9 *
* 9*
* B, M 3 33 A ) 'Q$
R M$ 17 C
D 0 D
ID2 * * B<' "CD
* 9*
o D:
*  B- D #C o*

B7 CDh, 9 . o* D



$ B, M 3 = 33CD 4

* o* 9
B, M 3 33 A ) 6 7
7 CD
: L8
S =
53
S o
O ™= Anoxic
. < _ + 2- 2+ ,3-
B) € B; +50,% ol P 2RO, bottom water
D ICD * N T o
. Formation of iron Sulphide induced
sulphide complexy, [iron reddction
B, 2°C B, FeS, FePO, Sediment
; 33%CD <
* , D ,
& B 33%C
B ; A ) ") O0
" A ) C 9 B c , ,°
*D 8 9 * B) ,C
B& 1) 0 "C * D
* =
BA ) " A ) CDh, *
D 9
9
B' ,*€ B: CB, # A N 3 33%
, ; 33% ) 0 " CD'
9 B) -
3 - 33CD '
D
< *
D
’ 9 *
9* * D , *
*
D <
* *
* D &
#GD:
* D, 9



A B7(3 (!

S D# C B M
C L A B, A 3#C
$ B== $=C D3 s B6 ) $CD°
9 B > "CD 4
B# G#3T ID U= #G%3T D uc 9 *D
D 4 "D# G 1
1 D4 * *
D -
* D -
9 B # #GCD
& $
% D
| ’
* 9
o D & 2%
8 $ B8
- | CD4
$ 9
% D
v ‘ ﬁ U_Depth0
8 B C 9 B CD
A 8K/
o* D : * o*
8K &9 9 o 8K /| 4 8K,
D
- D4
$ * M D4
9*
( 9 o B8K &9C
B8K/ 4 C B8K, CD 4 9o* B8K/ C
o* M B: %CD

%



9*

9* B)-) ~*
D/
* B 3"
/ o* B
# 3 % !
4 *
*
#:B:: %I $C * g
#= D 4
* 8 6 C 2 F B#V (
B/ CD,
B<'4CB=  33C
B&<&,C
cD, ) 2 )
* D_
%2
&l
0
* * M
B C
7 B CD
4 B; K'
(
| #' s &
' %
B
7 B e
($ !
* B O0* +-,. 1/
* D_ $
4 * $
D
* $ 6 %
$ D

)+
> 8,-C *
9*
C(
c 4 B6CD
9
D
D4 [
*
# %
* 9 B> )
cJ
9
D/
* 3:
*
= B6
* &<&,
%
* .
B*
D
* D, * =)
2%$ $ $¢c
Sc . .
B CD
—— 1234%,./ —C
L > & BL>&C

332 -

BC

BC



D
* 9 *
D
4 9
* D
* * D, ) 2) . 1 2®
* 9 D,
= w2 4= 49 D :
B= * 3"CD,
* * % D
- T < BW-< C
-< D -
W-< X : W-< *
W-< Y * BA CD

- * , "B<A& = ? =? 8,-CD



# )

# !
4 9* B/ C
2
9*
B. CDh 4
/ B4 CD
/o *
*
# G
/
B- 9 CD< /
D -
#G / *
D / 9*
$ L>& * D
9*
9 O 9*
* o* B8K & 9C B4 CD >
9 G GD 8
* B: #-CD 8K &9 *
/
B- 9 CD 8K, o*
* *
* B4 CD:
9 G 8K, D 8K,
B: #ACD <
8K, /
B- 9CD=$% 8K/ 4
; $ L > &
4 > <
/ 9* % 2 D! 2 3D % 2 D2
8K &9 % 2 D3 2 ##D%! %2 D#
8K, % 2 %D" 2 2%D3# % 2 %D 2
8K/ % 2 %D% 2 D# D%2 % 2 D2# D #%
/ % 2 %D% 2 #D %% % 2 "D%2
)* % 2 %D ## 2 22D3 % 2 2D##
A “$ D # ar



7 9* (8 K &9B-C 8K, BAC 8K/ 4 BC

8K/ B/ICB E, |2C D
* - 9%D *
#G
B: #CDS8 8K/ 4
/
B- 9 CD 4 O* B8 KI C * *
B4 C D8
8K/ * B- 9CD7
9* #D!'E #D% D E2D G %D#E D
#D% E !D! #G *B:  #/CD
# %
4
B4 CD/
%D E ID 2 D'EDF = $ % G !DE
#D! D E #D! F = A ¢ *B: I-CD 8
/ 8K &9 8K/ 4
8K, 8K/ 4
B- 9 CD
4 * -
(
5 6° B%C
Iia B[ = P %C 4 G
* H B6 : * CD8

- . B; | D#2 D



B;
%
BAC
D
B$D "E D
)2
B:
D8
CD
#G *C

$D%E D3%F ),

D223 D HI D%C
D"% D D"# D HI DCD Hl D%
D
/ B-C
* BICB E,/ | 2C
## !
F) ,*® G DED% D ED2F
*C *
GD<
- 9 %C
/8K &9
/; B- 9
4
* B4 CD>
B$D E2D! $D#E D2%F ) . 88
B$#D%# E 'D
G *C B: !/CD ; *
/ * /;
8K &9 ' 8
#&'

BC
D%E D #
#G
$ 8 #

*



B- 9CD7 $D "E D23
D2" D32 E D%3 $ % 4G
IACD
#(" !
8 *
B- 9 2CD 4
9 #
DICD *
D
8 *
9
* 9 "
* BW-<

D2ED" ' $ 3 G D2%E

9*
9
BW-<
$
2 D 4
*D )
| ID%CD ,
D



< *
* *
D <
D
& |
< o*
D4 9 9
o*
9 * DA
* * _
4 o9*
B8K, C
* 9*
*
D 9
9
* 9*
9 8K,
* O
9
D
9
O o*
*
*
9* B8K/
* 9*
B 33 ;
0
D
4 *
9*

9*
*D / 9
B8K &9C *
B #CD
*
D 4
8K, D7
8K,
9 D
D
o D
D<
9*
8K, D -
BSK/ 4 C
*
D 8K/ 4
D) 8K/ 4 9
D4
D
9
332CD)
D ! *
$
D , o
*D



> 5 %!

D’ *
D)
D
& $
‘ 9 *<4B; 9
%C * D38
l * B- C 9o* *
* = &<&, B* C
$ D < 9 D
$ = o
9 * 2= O/f <'4 *
B= 33 , CD <
9 $ D8
0
B, M IC *
$ *D
< *
B4 CD7
B4 %CD
>
’ l;BF = Y ic
/6 B C , 5 %#
#5#
/ #5 #
> "#5
7 B C 8 %53
7 5
7 B C B\"GC 53
B\!GC 5
7 B C 7 5%
7 5 %!
B33C $ / 52
> 5"#
M B3C #2 5 %2#
& B C 25
Qs R M$ B IC - 152
) 5%™
- 512
) 5%
K' B 332C / 25 %




1B$C

/6 B C 7 D
7 B C & 7 D2
A ) B C D# 5 D
6 . *B C 5#G D"5 D2
B 3"#C $ D"
* * o B, M
3 33 A ‘Q3% R M$
7 CDh
/ 9 D *
9* o* 9 B;
- 33C 9
*D 4 $
B D 33 D 332 ;* D 332C
/;D [; 9* *
9* B- 9 CD
8 9*
9* D <
D
- $ * *'Q$ R M$ B IC
* D
) *
*  B& D CDh 4
* * *
_ * Q * 9
BA C *
D
& # % |
9 7 B C
* , 3
80 B C 6* B * * D
& 9 9 9
) 9*
D; * ) 2
D, o*
D
< B
; I A "CD [; *



) 2
D) ©
* D
, *
D & "
B CD- 9 ) '
&<&,D , ’
D
, * * 9D 8 9 ©
) .
BA ) ") 0 A ) ¢
) ) "
9 o
B, 3 A N 3 33% |, ;
33% ) 0 cb
) ), /; D/
9 * ) |
/; 0
.
D 9 ) ' °
D
) o ’ *
*D <
D
7 & _
3 . 33CD< 9 ’
* ' B,
CD = /
8K &9
* 9 D
&&' *
. 9 * *
* D_
% *
* * D
o)
D)
9* * * D
9 *
*
D 4 * )
. D 4 * %

%



D)



9* 9*
*
< * 9*
9*
*
* *
D
& *
4 * *
*D
4 *
9*
D
/ 9
* D=
D
9
9D ;

9*

"D

D 4

*D



D>



- )

- -DD L * D:D A D)D B #CD > *
D BC $ %D
- DL DD 6 4DB CD,
9 * * D
B®%C "$ "D
A 'D-D&D ) -DDB CD/ $ (
<<D D "$% D
A AD&D B CD ' 8 * ! '
9 8 6 D
A N AD - D&D : ,D &DB3 CD 9
$ D BC 3%$22D
A D ) DB CD = % . o S
= ,* D BIC 3 $3 D
A DD ) ,D6D B "CD) M
* - * D
BC 3%3ID
=D:D DD > LD D B 33%CD , * D
BC "#$ D
'‘DAD = >D'D , D : =D'DB33CD/ $
( o D
B%C 12 $!#D
D /O D : &D L "% ‘D : a M$ :D , -D D&D
B CD/ 9* 3 D
BIC "#2%$"!' D
/ 4D = >D'D A 7D 7 ‘D 8 LDDD = /DAD , a
¥ D& -DA &D / >D 4 /IDDD >D/D&D LD
; $ =DB CD 1" #$% & # % o
) ' * + L+ $$$- =
X < , / D
6 DD&D B CD . '/
8 * = D
* AD ;* D/ 4D 'DB CD
= (- $ -
D % BIC "™$ "D
) 0 ,DD&D > >D'D&D , -DD'D &D,D&D )D D&D B "CD
< *
D / 0 B#C %3 $2 D
YM <D ) DB CD -
D % B#C "$ %D
) LD D - /IDD B3 CD :
D * 1+ BC "3%"D
<" B "CD "(* D < << <<
< ' D 4
:D6D! -D; C D 2D< L , M D
)D.D - :DSD B33 CD < )
D

B%C #"'$# 3D



6D, =DD ; $ =D * D =D'D B 332CD
9*
* D BIC 32% D
&D,D , &D '8, 6D4D , D |/ 8DLD L -D-D
> D &*M LD > &D D 6 DB33CD4 9
D * . B#C 2 $2%"D
6 ;D)D ; *6D;DB CD4 D 2
B#C #2%$##"D
6 4D&D / D) &D/D DA D A LD D DD B332CD
& $ = -
D % B%C 21$2"D
6 AD 6* &D&D&D > LD , D )D D&D &D,D&D &D
B "CD- 9 (
D B%C 19%#3$!2 D
6* AD , M &D & -D ) bD B CD 9
( D 2 BC $2D
6N ;D) &D&D & &D4D D& D 8/--DB "CD)* *
*D 0 "
3 B!IC 12I$#D
& ‘DD ) -D&D ' LDD ) ;DD ) ,D6D ' ADD 4 D>D
- >D;:D >DD/ D=D/ D 6D: * DDLDL *,D7DL =DAD
,D>D &/ DD &* D>D 7 )D&D D:D - D'D A DD
A &DD A -DD D>D >D4D = AD;D 1cA D&D
DD, * DD, IDD 4 ,D&D B CD,
D # B" 2C $ #D
& ,D 6 ?D 6 * DB ICD, B,'<C $
(9 0 ,
D O " * B%$2C # $1%D
= >D'D 'DAD ; =D'D d D B33CD/ 9*
9 9* D
BC 1%$"D
= >D'D B33 CD / D *
B2C %#"$%! D
= * DDB3"CD &L $) = ? =?8,-D
D > >D , D B #CD
* - D
0 " B$2C 3%% D
'Q% D R M$ &D B !ICD / (- %
* * D BC $%D
; -D-D' -D '3, 6D4D |, -DD'D 6D:D ;0 D< DD
, D / D,D,D )D D&D &D,D&D , &D B ICD -
9 D # B" IC
3%$3D
; =D'D d ADAD A 4D)D B3 CD 9*
D * B22%"C %##S$ %#!D
; $ =D ;* D = >D'D ; =D'D B 332CD /
M * * D
B%C #"%%$#"3D
; $ =D = >D'D ;* ,D / 4D &* ;D>DB %CD -
9 9 D

1%$"%D



4

D,; ¥ =b, =DD 6D = >D'D B 332CD 9*

D B"C 12%$ '# D
$80 -D 7 -D > ‘D A D 7 DB CD;
) 2 D BC #3$"3D
M ,DDB3 CD/ *
D B2C " $"2D
M ,D'D ) D-D AN D6D A -D:D > D' AD 4 D
/ LDB !ICD/ ( * D
BIC 12$ 3D
;D&D A DD B3#CD > * *
D 3 B%C #$!1%D
-D DLD&D B 33%CD |, $
* D 3 B%$2C 2"$ #%D
-D > DA D ; D > >DB CD)
(
D BC $D
D<D B 3#CD; *ox D B2! %C 3%2%
3%2D
LD /M D 7 ' ;D-DB3" #CD
D* * * " 0 B#C !"$"D
,D&D DL D ADB CD&
#= . D B3C
%" $%"™ D
AD / 4DB CD' = 9
D B%C
% $% D
> <D-D 7 -DD/ 7D 6 D Dé&D &D &D B CD
' * D $D
> >D D - LDB "CD,
'/ D 3 B%C 22%%$223D
-DD DD L :D 6 DD&D B CD
D - * + *&
8 * = D
-DD A 0O DDD 6 DD&D D4D)D&D &DB CD
* D B $%C !"$"2D
-DD 6 D D&D , &D B CD
* 9 * D * # B®%C # D
D ) DB CD $ /
( _ BC 3% D
'D&D - D/D ) ;DD > LDD & 'D-D /DD ,
DD 4 /DLD B33"CD) * (
. D B%C "%"$"# D
;D:DB3"CD 4 * 9* D 4 *
B2C " $"%#D



u'N
7 @ o ;‘3
3 ~ o Tw ) 0 N I .
o — I X - < <
N - X X [ 2 1 - I i N . N N N
/. - — —~ [e] [o0] [e] [o0] 1 < < - - - .
) 2
) .
8K,
8K &9
8K/ 4
8K/
= %
=) 5 $DI%° | DI"##* | D! © | $D ! | $D2 $D"% | $D# | D22| D2
s $D% #| DF2 | D2! $D"3| D12 | $D2! | $DHWm2 | Dw2! | DIZ#
4= $D% | $D%
4 D! D"
T K= o D% $D 3
P K=) S D3'# | D# *
K’ 20/5 D# Z D"#Z‘
© K4= D%2 | D"3
K4 $D%" | $D22!
4 $3 “|[D" “ |D#” | $D% | $D2 $D0°9"$D2 | D% % D! Dfs| D222 [ $D | D! |[D%2| D3* | D2" | D2! | $D2!
T3 B C $ , BIl 9 = w=) e
T K= o K2) K 1#CD 2z D BS$ C z D# BS$ CD; K

D



D2"%

Q'N
o < N 2 oL . §N
~ . N - - @ ’,](\“ ) I Q - < N

!

) 2

)

8K,

8K &9

8K/ 4

8K/

= o D% | $D%"3 $DB2 $D|!#D222| $D™| D% D %"

S $D%f2| $D ! | D $D#% | $D % | $D2¥ $D2% DRI3 “D# %

P $D'3 | D 2
4= D##” | D
4 D% | $D 3

T K= o D3#* | D! “°

K)o DI9¥# | D3%’

CK D D 32

: K4= D2 D3"

. K4’ $D32| $D3

4 $h# D# “ |D22 | $D"w| D* | D2 $DI5* | D! “ [$D%!| D2 | DZ%# $D#'| D23 | $D%2 D " $D023
T $ B $ , B1!CD

D B$ C z D# BS$ CD; K D



#/0 1

7 4 @ L B$ C
8K/ 4 / % %D2"2 D% 2 G$#G $D#" " D#I2
G$ G $D#3" D
G$#G $D##t D2
#G $ G $D##t D2
#G $#G $D!I!' D%!
G$#G $D#™  D#I2
> % "D G$#G $D3 D"%
G$ G $D!  D%!
G$#G $D3
#G $ G $D!!' D%!
#G $#G D %%
G$#G $D"2
G > $ $D!!' D%!
#G > $ $D#™  D#I2
G > 3 D D
#G > $ $D3 D"
& / % D# # G$#G $D!!' D%!
G$ G $D% 3
G$#G $D% 3
#G $ G $D% 3
#G $#G $D% 3
G$#G $D3 D"%
> % #D D G$#G $D22% D23
G$ G D D
G$#G $D"%
#G$ G $D##t D2
#G $#G $D22% D23
G$#G $D"%
G > $ $D% 3
#G > $ $D!! D%!
G > $ $D% 3
#G > $ $D##t D2
N / % %D % D%"# G$#G $D"" D2
G$ G $D! D 3
G$#G $D22 D#"
#G $ G $D#™  D#I2
#G $ #G $D##t D2
G$#G $D!I!' D%!
> % D 3 D#!! G$#G $D!!' D%!
G$ G $D#™  D#I2
G$#G $D!!' D%!
#G $ G $D#™  D#I2
#G $ #G $D22% D23
G$#G D D



B- 9 C
7 4 @ L J B$ C
, A G $ $D! D 3
#G > % $D
G > $ $D"%
#G > % $D
A 77 $ D# Z $
D D
&' "
' ; W-< < :
/ 4 | D#3 D% $%2" D%t % D%?2
4 e ! DI $221D1#2 %!IID 2!
8K/ $%D2#"
> 4 I D" ID% $2'D32 21D2"
4 e # D2 $ 1D2! 2D 3
v $#1"D %3
A “$ D # ar

%



