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1.1 #HREXHER
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TUMBA . MO B K D TN ) KR FEB AL
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TAERE AR HANA A pH AR S A BT 5E
XG5 BECR ALK He 4 5 O HLL (HL2 (HL3
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L2 #FmRE

SRAEIS (8] g 2019 4 7 H by, B AT
GPS X (eTrex, 3 [#) % A2 W 1H Hu B AL AR 5 i ] SX
711 BUEHER pH THILI K pH E ; WK 7] % 1
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RAAE A2 S 8P 52 (450 °C,5 h) ZERAHLY)
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1.3 EAMLIERN

FLBRK GRS (a5 fLBZK Na ™ (K™ |
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i U Y b B A BBk ( TOC, Total Organic Car-
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Jena, ZE[E) i, TOC ML Z A UIAR P A1 N
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Total Phosphorus) . & Fe S5{E fifi FH 43 6 % B
s
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(eq. 1)
Dy =17, x Dy (eq.2)
D,y =2 x 1, X Dy (eq.3)
D,, =17, x Dy (eq. 4)
AL =2x(Ax +Ay) (eq.5)
Agg =114 X Ay (eq.6)
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F R FRFES NO N (e, s ad R T
AR (LPNO, T aEs iy /s g2 5 e i, [ NO, ]
TG S S E R RE S AR AR BE 0. 98 SRR R
FIR PN JFFE ) .
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(eq.9)
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HA(D,,, ) JETERAZE A (A, JRAH R
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Dy =2 X [Py x F2[ + (1 =Fy)/F ]2 x Py
+Pus + Pyt (eq. 10)

Ay =2 xF x [Py +2 x (1 =Fy') xP,,]

(eq. 11)

[D-N,0] =2x{[ (1 =Fy)/Fy]2xP, +P,
+P (eq. 12)
[D-N,]=D,.,-LD-N,0] (eq. 13)
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LB AR R 42 0 AH S I, Bl i Excel
2019 \ORIGIN 2021 45 43 Hr 8 23R 55 [H 1 Al
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2.1 HREXBMER

RAE AR HBRAL F S BOLR 1, AR
WK £ BE LK 34.00 g - L' ~372.00 g -
L' pH JiFE N 8. 17 ~10. 40, Ti/MREA pH i
F R A 8.17 (HL1 ), 9.22 (HL3) . 9.51
(HL2) .10. 22(HL5) F1 10. 40 (HLA ) ; 5 B K3
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IR K 34.00 g - L7' (HL5) ,110.00 g - L™
(HL2) .154.00 g - L™' (HLl) ,202.00 g - L™
(HL3)f1372.00 g - L™' (HL4) ., ¥4 TOC &
i HL1(2.05% ) \HL3(2.59% ) \HIA(1.87%) .
HIS(1.34% ) %% , H12 (0. 12% ) ff%. T AMFE
AUTP A%, HLA &b /KA TIC {8 % i, 15 5

12.51% , i CO2™ ¥k 4 98 640.00 mg - L~",
HCO; ¥ 26 474. 00 mg - L™"; Hk & HL3 I
HL1; &% i & HI2 F HLS, JK & NO, ¥ B |
NO, ¥ NH, ¥k Ji  Fe ¥ i KT FL B K
TR E P W 1,

F 1 NS RIOAWREE S TR KRR Bk 2 28

Table 1 Geochemical parameters of sediments and waters collected from Habor Lake , Inner Mongolia

e HL1 HI2 HL3 HL4 HLS
WK
B (NVE) 39°24'58"/ 39°29'08"/ 39°25'18"/ 39°25'16"/ 39°11'25"/
108°40'49” 108°40'50" 108°40'51” 108°40'54” 108°59'54"
e/ (g L") 154. 00 110. 00 202. 00 372.00 34.00
pH 8. 17 9.51 9.22 10. 40 10. 22
TREE/°C 25.20 27.30 31.20 28. 40 26. 30
TIC/ % 7. 60 4.33 8.06 12.51 2.87
C0§’/(mg -L7Y 7 500. 00 16 380. 00 34 560. 00 98 640. 00 9 210. 00
HCO; /(mg -+ L™") 68 503. 00 26 962. 00 45 994. 00 26 474. 00 19 471.20
NO; /(mg - L") 1.83 1.52 2. 40 1.45 1.55
NO, /( pdgL’l ) 0.00 0.00 0.00 0.83 0.21
NH," /(mgL™") 0.23 0.23 0.21 2.06 1.65
TP/(mg - L") 8.90 3.87 0.76 0. 09 3.77
Fe/(mg - L") 0.07 0.04 0. 14 0.02 0.04
DURY)
TOC/ % 2.05 0.12 2.59 1.87 1.34
Na*/(mg - kg™") 83 947. 60 57 702. 68 85 357. 88 151 251. 58 30 839.29
K*/(mg-kg™") 11 127.79 6 805. 02 8 458. 83 9 997.52 939. 17
Mg®*/(mg kg™") 500. 22 140. 26 16. 86 34.99 0. 00
Cl™/(mg - kg™") 86 496. 98 62 266. 70 78 068. 44 152 418. 49 17 582.52
SO} /(mg - kg™") 28 024. 41 15 269. 50 22 678. 53 45 492.20 9 021. 87
Br/(mg-kg™") 196. 26 152.26 160. 78 561.94 0. 00

Na® K" Mg’ [Cl™ SO;™ \Br™ LBk B 7k

2.2 MIRXEBERBRBRER

IR XA BR R EE R IR 2, BIER
BB A RAERE S HL2 (5 110.00 g - L', pH

$79.51) kb fe ok, Hirb HI2 =2 3 13.85 n mol N
mL'h™",HL2 -3 # 16.06 n mol N mL™'h~";7EF
FES HLA(£5 58 372.00 ¢ - L', pH 4 10.40)
FIHLS ( 53 434.00g - L™, pHK10.22) 1,
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K2 RECABITURYITETE R R BRI R W TE A a5 TR R A A R W TE Ny "R R JBTE N, O

7R A R R AR R AR AR BR R A BT, N, O 7RSS AL Ry b iy o 1

Table 2  Potential nitrogen removal rate, potential denitrification rate, potential anaerobic ammonia oxidation rate, potential

N, production rate, potential N, O production rate and relative nitrogen removal rate of anaerobic ammonia oxidation, N, 0% of

denitrification gas products in Habor Lake sediments

AR MR RAAAEE KA NAMER N0 A#R N0 it
O /(n mol /(n mol /(1 mol FHXT BT /(n mol /(n mol =85

NmL'h™") NmL'h™') NmL'h™") /% NmL'h™") NmL'h™") /%
HLI -1 0.30 0. 30 0.00 0.00 0. 00 0.30 100. 00
HLI -2 0. 00 0. 00 0. 00 / 0. 00 0. 00 /
HL1 -3 2.52 0. 00 2.52 100. 00 2.52 0. 00 /
HI2 -1 FE iR
HI2 -2 13. 85 8.06 5.79 41.82 13. 85 0.00 0. 00
HI2 -3 16. 06 6.25 9.81 61.07 16. 06 0. 00 0. 00
HI3 -1 1. 84 1.35 0. 49 26. 55 1.84 0.00 0. 00
HI3 -2 3.68 3.45 0.23 6. 24 3.68 0.00 0. 00
HI3 -3 3.98 3.38 0.59 14.92 3.98 0.00 0. 00
HIA -1 9.59 6. 81 2.78 28.99 9.59 0.00 0. 00
HIA -2 6. 80 5.77 1.02 15.05 6. 80 0.00 0. 00
HI4 -3 14. 83 12. 62 2.22 14. 94 14.73 0.10 0.78
HLS5 -1 11.78 3.69 8.09 68. 66 11.78 0. 00 0. 00
HL5 -2 8.28 4.71 3.58 43.18 8.28 0.00 0. 00
HL5 -3 11.88 3.35 8.53 71.79 11.88 0.00 0. 00

TETE ARSI R G fE AR A HL3 (3R 2 R LRI T X AR R A b, BT AH

202.00 g -+ L™, pH 4 10.22) & HL1 (k& N
154.00 g - L™",pH Jy 8. 17) i, W76 RS B 1k 32

ik

Xﬂ‘ﬁﬁﬂfﬁlﬁlﬁmiﬁ—fﬁﬁo Ho, e
LR LA N, 3, RA O N, O AR

ME(fF HL1 =1 i1 HL4 =3 &b 30

BRAUSE AR, DR S S A B A SR Ak S

K3 WUFHTN PR

Table 3 N generation rate of validation group
an HLI HI2 HL3 HI4 HLS5
b 41 ( "NH; ) 0.00 0. 00 0. 00 0. 00 0.00
c ZH("NH; +"“NO; ) 0.00 0.32 0. 00 0.01 1.55

Feh Y% n mol N mL™'h™!
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A HIERBIRER; B METERMLER; C e REEEMLER; 7 FUR 001<p<0.05;

“#¥” FIR 0.001<p<0.01; “***” TR p<0.001
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Fig. 1 Relative importance of environmental factors to potential nitrogen removal rate,

potential denitrification rate and potential anammox rate

PIIGFRIL a 20 (AINENO; 55 35) LK i
R, ARSI IRE A A B TE R R
{3 Rk /K HLS > HI2 > HI4 > HL3 > HLI1
(£2), PRHEFRLE b 4L (AN NH, 555%) il
c HHCAIMENH, + “NOy K97 ) S 1™ N, 19
FRERIEORIIE R R A AL K . B L, T
Bt Ja iy b RSB Z A NO, BN NH, 8%
?%EI%F%ZQNZ;W c ZHAEmM G 100 W mol L'
JEMNOS  BRAF R R A AT AR, o RE
B a? Ny S i . 423 MAREM 3 MR
FEE A0 b 4080 ¢ PN = n L
F b ARSI TN P2 AR T ¢ 419 HL2 HILA4 |
HLS B N =R

2.3 MIREAEEFEBEERBREZRNXER
1) B9 X B IR 15 8 1 A% B R 9 A1
Ktk
PREEI T AHR T 2R SR s (& 1), TOC
LI E R BRI A B A K (p <0.001) (H¥1E

SR A R N =R T S Y D
HCO; 5IBTERARBRHER I EAH I (p <0.01) (5
T TE SR Ak T 8 TV A IR A2 A Ak R 34 A
K) sNOy 5ETE AR BR A i A0 ¢ (p <0.01)
(S WAE SO AL A0 G ) s Fe 5B 7E R bRl
B EMK (p <0.01) (L5 WAL A A 3 i
FMHK); KT 5 EAB KRR R EFEMX
(p<0.5) (U HBAEPRAa A A FH ) . W
11, 7355k TOC K™ (HCO; \NO; | Fe S5FRJE [ 1
XTVETE AR BR R T TE SR Ak 3 28 AN R R4
A HCR IS A — TR IR

2)TOC NO; \HCO; K Fe 5 TE A R %
YR

TOC \NO; \HCO; K Fe SiBTE AR IR A&
BRI IER( RT()C2 =0.59,p <0.001;Ryy; - ? =
0.49,p <0.01; Ryeo, > =0.70 . p <0.01; R, * =
0.38,p<0.01) (K 2~ 5), Hr TOC NO*~ |
HCO; FIARBRA & B R .
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TOC-Nitrogen Removal
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= e HL1-3
Z R=059 it HL3-1
g Or HL1-2
&
0 1 3
TOC/%
s TOC-Denitrification TOC-Anammox
~ b mpotential rates c v potential rates
= = HLI-3 10k
; 2O s
£ 107 E S S
£ wHL2-2 z
----- HIA-1 g v -2
z "HL23... "H1A2 E 3¢ H22 "
z st :ﬁ‘% L3 3 JHLS3
ST _ 8 v —
é HLS- _WHL3-3 %, v il 3}[[3 1
R>=0.17 HL1-1mHL3-1 = VHI4-2 —
£ of BHL1-3 £ 0L R-066 wiL1-YHL3-2
~ E HL1-2HL3-3
0 1 2 3 0 1 2 3
TOC/% TOC/%
B2 TOC 5¥IERARERIEA(a) TETE AR (b) KBTI A E LA (o) A CHE
Fig.2 Correlations between TOC and potential nitrogen removal rate(a) ,potential denitrification rate

Potential rates/ (nmol N mLh")

(b)and potential anaerobic ammonia oxidation rate( c)

NO, Nitrogen Removal
:—.: eHI2-3 e potential rates
& 15¢ oHIL4-3
'é ®HL2-2 NO-
= -3 3
Z s
g 101 oHIA4-1
E oHI5-2
=7 ®HIA-2
Q
st . HI3-3
- . ®HI32
g ®HL1-3
g R=0.59 " HL3-1
3 L - HL1-1
£ 0 ¢ HL2
15 20 25
NO,/(mg L")
15 NO, Denitrification NO, Anammox
b c
mpotentialrates v potential rates
" HL4-4 po 4: 10+ vHI2-3
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10 HL2-2 E VHI3-1
= HL2-1 =]
» HI4-1 g sl vHL2-2
5| ®HI22 = O e
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i 3 3 v y HI3—
HIS3 e " E vinas3 AR I
- HIA-1 ™ sHL3-1 £ VHLA-2 %
of B s, g O R=031  YHI3- "
A~
15 20 25 15 20 25
NO,/(mg*L™) NO,/(mg L)

3 NOy S ERFEFRE AR (a) WAL (b) BB PR 2 B AL R (o) ARG

Fig. 3 Correlations between NO; and potential nitrogen removal rate(a) ,potential denitrification rate

(b)and potential anaerobic ammonia oxidation rate( c)
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HCO, Nitrogen Removal
. a oHL2-3 e potential rates
F15¢ oHIA-3
[ ] -
E HLs 31272
= SHL5-1
g0} SHIA-1
= OHL5-2 ™.
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: 13-2
g eHI3-1 . ®HIA-3
kS R=0.70 . gHLA-1
~or SHL4-2
20000 40000 60000 80000
HCO, /(mg - L)
ISP HCO, Denitrification HCO,”Anammox
b .
o~ aHIA-3 ® potential rates /f: ¢ v potential rates
= T, 10r wHL2-3
= =
g sHL2-2 g
s ... WHLA-1 !
g “#HI2-3 2
% Sf mHLsoHIA2 g3 -
WHL5-1 " MHI3= . vHI4-3
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£ R*=0.49 2 ol $HI3-2 -
s Or BHLA-2 =0 R=0.41 HI3-3 vHIL4-1
20000 40000 60000 80000 20000 40000 60000 80000
HCO,/(mg L") HCO, /(mg * L)

4 HCO; SETEARMERHEA (a) WETESUH LA (b) S e R A AL AR (o) BYAHSCHE
Fig. 4 Correlations between HCO; and potential nitrogen removal rate(a) ,potential denitrification rate
(b)and potential anaerobic ammonia oxidation rate(c)

Fe Nitrogen Removal
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g R=038 HLI-1 e
s Or 38 OHLI2
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0.00 0.05 0.10 0.15
Fe/(mg-L™)
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E10f E
z z
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£ e mHI3-1 £ VHI4-2 el HI3-3
g HLA-1 g _ ¥
2 of R=026 g, : R0z YHIA-4 HL3-2
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
Fe/(meg - L) Fe/(mg-L™)

B S Fe 5(a) M ERABIREAR  (b) ITEAHLE A (o) IFTER A BB R L R
Fig. 5 The relationship between Fe and(a) potential nitrogen removal rate,
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Nitrogen Removal and Its Influencing Factors in Habor Lake,
Inner Mongolia

LIU Jia-min,SUN Xiao-xi,JIANG Hong-chen
( State Key Laboratory of Biogeology and Environmental Geology,
China University of Geosciences( Wuhan) , Wuhan ,430074 , China)

Abstract; It is of great environmental significance to study N,O release rate and its response to high salinity
and high pH in alkaline lakes. In this study,” N isotope labeling simulation experiments were employed to
study the potential rate,relative ratio and gas production of denitrification and anammox in five sediment sam-
ples of Habor Lake in Inner Mongolia,and to reveal the effects of high salinity and pH on nitrogen removal in
alkaline lakes. The potential removal rates of nitrogen, denitrification rates and anammox rates were 0 ~16. 06
nmol NmL™'"h™",0~12.62nmol NmL™"'h™" and 0 ~9.81 n mol N mL ™' h™", respectively. Anammox oc-
curred at all sites, and accounted for 43. 18% ~71.79% of nitrogen remoral at HLS ( salinity =34.00 g - ™",
pH =10.22). In the denitrification process,N, was the main gas product,and almost no N,O was detected. In
addition , there was a positive correlation between potential nitrogen removal rate and pH,and a negative corre-
lation between potential nitrogen removal rate and TOC,NO; ,HCO; . No correlation was found between nitro-
gen removal rate and salinity. In alkaline lakes,the influencing factors of nitrogen removal process are complex
and not limited to the most important environmental variables ( salinity and pH) ; nitrogen removal process is
mainly in the form of N, emission,while N, O is lower than the detection level. This result provides a data base
for our study on N,O emission from lakes.

Key words ; Nitrogen Removal ; Rate ; Salinity ; pH ; Isotopes



