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Exchange characteristics of ammonia nitrogen at the water and sediment interface during
the ice-sealing period in Lake Ulansuhai

JIANG Tao, ZHANG Sheng ™ , ZHAO Shengnan, SHI Xiaohong, SUN Biao, TIAN Weidong, HAN Zhiming &
LV Jie
( Water Conservancy and Civil Engineering College, Inner Mongolia Agricultural University , Hohhot 010018, P.R.China)

Abstract: Lake Ulansuhai is the largest lake in the Yellow River Basin with an area of 293 km?>. The average air temperature is
7.3%C and the winter is about six months with a cumulative negative accumulated temperature about 610-800°C - day. The lake wa-
ter usually starts freezing in the early November and melting in the end of March or in the early April of the following year. The lake
is completely sealed by ice in terms of ice-sealing period for about 100—130 days with an ice thickness of 0.63 m in average. To get
better understanding in the migration mechanism of ammonia nitrogen at the water sediment interface and the impact of endogenous
nutrients on the lake environment during the ice-sealing period, the water and sediment samples were collected at seven sampling
sites in early February of 2018 in Lake Ulansuhai. The concentrations of ammonia nitrogen of the water samples were analyzed. The
diffusion flux of ammonia nitrogen at the water sediment interface was estimated. The results showed that the concentrations of am-
monia nitrogen in the water ranged from 0.55 mg/L to 1.60 mg/L with an average of 1.05 mg/L. The concentrations of ammonia ni-
trogen in the pore water of 0—5 cm surface sediments were one order of magnitude greater than that in overlying water which ranged
from 6.64 mg/L to 18.63 mg/L with an average of 11.92 mg/L. The diffusion flux of ammonia from the sediments to the water was
1.282-4.269 mg/(m?+d). This indicated that a large number of soluble pollutants had been transported to the sediments during
the process of freezing. It would be the one of the dominated source of water pollution to the lake environment in the period of ice
stability, during the period of ice thawing, and in a period of time after ice thawing.
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1.1 HREER

5225 (40°36' ~41°03'N, 108°43" ~ 108°57'E ) {37 T P 5% 1ly I 22 It SR TIT 1 o 455 Wi AE 45 DAY, 2 i 35 R
IR, ALY 293 km®. X2 RALE M, LTER 7% s 4RV XK 7.3°C, — BN EAE 11 HH0iEA
UREH, FIRAE 3 HARE 4 AWIHIRRME, A0F 4~5 A 2 TokZ B35 B, kB IR A 100~ 130 K, B
FRE N 610~800°C - day , Z4F VK 5 B 0.63 m'™™.
1.2 REERIZERHMRE

LA R M PTRRAEYE URE RS R R I B R B MK B I ARE, T 2018 4E 2 H 1 HAEE B R %
WX 7 D RAE AT KA MUT IR R (B 1), KR A H ZRERK S (L F 5.
71.201020680966.1) K4 , LYK AT A il iy B 25 FOR B 28 AT DU R Sl SR AR . i TR IREBUIN, TE A
SKBEA S em WRPE B URSE—AKEE DIBRAEIREE N 25 om, 5 5 em fEN—RER JR4E 5 )2, KEERN
DUBWIREE T 4°C DHIRAS T ARAF, 24 h PRG0350 )5 B9 DU RE & LA 4000 #%/min 250> 20 min, B35 it
0.45 pm JEREAF RITTRPIEIBR K.
1.3 RF %

PV B A BT 5 S 0 79 BV R URR Y 5 _ Bk =2 Tt A TR g e i) SR B 5K, o R S v 3T
B 7K AR R A 2% 4 5 I ViR B I R U B A A I U T B4R, H el i T LA Fick 55— B EAT
BB Fick S— @, AT LUH R A A Ry BoE i (F) |

F=-¢D_ dec/dx (1)

Ko, FONE TR K R AP BOE 5, mg/ (m” - d) ;o NUTEYIFLEREE , AT i 8 2 UUA Sk oR I
B s de/do RUTRRY— 7K B 1 Bk H I R A AR I, mg/ (L - em) 5D N LRI P TR 40 T8 #UR
Bom/s B Y 0<0.7 1D, =D, ; 24 0>0.7 B, D_=>D, " s D, A IRAR W T B> T4 HR B, m? /s,
W @ F1 DY A BRI 4T, A3 (1) AT RO A UTRA— K S I NH-N A9 #i6E B

R B K R B AR B . AE AR5 EOKIR AT 2 KA AL F 58018 &, BT 3E 3 (B B K ) 1 K AR 1
B R BT EE T, A5 A I BRK NH, -N 97506 K R B 52 i R B
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K1 SRR FEERAE A
Fig.1 Distribution of Lake Ulansuhai and sampling sites
w=c,/C,, C,=FT /H, T,=V/Q (2)
b, WA RIBR K NH-N &7 #Oek B KR SRR % 5 €, S DURR ) 18] B /K 7 HIGEE #% 1 NHG-N ¥R
/L €, KRR NHS N W me/Ls A SGE B me/ (- d) 5 T, K BB RAIH AL d 3 KR ms V
AR m® 5 Q KA, m'/s.

2 R

2.1 MYk FRE NH,-N 3 41

L GG GURR Y — K AL b KR o NHG-N 2SR LA 055~ 1.60 me/L, E3{E A 1.05 mg/L.
TRV (0~5 cm) [AIBRASEVTRRY)— 7K U1 7] 508 F2 3 A8 M 0 B 250 94 0. 2 2R UL ) oK v
NH;-N W BEYI{E R 10.99 mg/L, & EBE/KIRE) 10.47 £5. 4 RAE S 0~5 em RIZVIEY A KK NHS-N 9K
FEASAL I N 6.64~18.63 mg/L, EYI{E N 11.92 mg/L, K RAE S 0~5 em FJZTURAIBRK H NH;-N
WP e T AR (] 2) . A 2T P A BB 5, AR KR K A A A R DK AR 1 1 A ZE 3R Y
TR FEAR , TR Eh J 24 5 AR 22 (AR UR v SRR v e B -7

NS0 5L BB M12 P9 T Q8 & A7 TR E] Bt /K NH -N #e 3 ) i (4 BRAE 22 0~ 5 em,
25 W B S AR B AR fl . K12 M4 F1 N13 S Az DUR 1] Bk o NHG-N 3B 0 f e {34
UAE 5~ 10 cm J8FE P, SR J5 B R BE I FAAIG s P11 A0 D BRK o NG -N R B e s S B AR B SRR,
PRAEREE 10~ 15 com Ab, B EE BOINve BEELA HeAIK. BVAT =, M12 P9 Al Q8 5 (7 UL [B] B /K Fh NH-N
T S IR R ) B TS T AR R B 3 T K12 M14 N13 Fl P11 S0 AR 8] Bt /K b NH-N v i ) 2
PR LD B R BE R 1 T STt i e A e e

JITAT RAE SRR Z TR IR B /K P NHG-N R B SRS, 3220 ol T30 i 2 DT AR 8 e AR % 2 52, 3
ARG 32 3| L K AR h A A AR S AR, 77 e 6 P B A ML g 2 A LB & e K, S o Tl
B0, B LR Z E BK H NHL-N 9 R
2.2 MR —KFE NH;-N ¥ BB =

UURBY)— K 100 B SR R 1A T 50 B 0 0o 7Rt 2 A 5 o 00 o R Bl B, — B T e I A 5 10, 37
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Fig.2 Vertical variation of NH,-N concentration at the sediment-water interface at different sites

W LI /N T O I, B SRR MR R U R B T R R R T S R M B R AR T
ESRER Ao A 5 B2 — 2 A () AL F RN L FR AR L, R B SRR AR LR — K AT B B A Fick 55—
SEAR. FIHI R Z DU ] B K B FR 3 vk T AR IR LI R, — B 00, ] B/ o S e v 3 o Y% 2 114 28 A i
iZ M AR AT RLEE. R, R TR b3 32 (0~ 10 em) AR EALK 0~ 5 cm AR NHG-N XA
FEHATIR B A AR BRI A B R A AR « 17K T SR A DU — K R AR 1) de/dwe, T
Fick & #1451 NH;-N 16 IUR Y — K Sl 19§ o &

MK 5 K A NH-N W BEXHRBE AR B A 25 KR, 5 BR300 4R S I MR 56 R AR A v
RN 0.663~0.955 Z (1], YIRS T 15 32 RV X 32 FH— G B Bl 7 28 R 4k IR R 8 32 3h 1 Bud g R
Y.

HAE 4 AN [R] R AE A A S BSHE | 2640 Fick @ HHALH 3109 2 2R NH-N 1 FE 3SRl R L3 1.
AU RFESUTFE X SR F 35 230 IR, R BIUURUY) b ) Bk s gk 1) - B KR 8L, i BB R
SR, F¥IME R 2.476 mg/ (m®-d) , Ho K12 g0 Hos R a5 5, i85 4.269 mg/(m’-d) ; Hik b M14,
N13.Q8 AL, ¥ B R4 5K 2.793 .2.791 2.516 mg/(m>-d) ; PO A7 B R EBAL, M 1.282 mg/(m’ -
d). F 5 de/dx .o DA, 2 de/dx @ D BRI TTERY— K S 1 F 808 ; 2 IR,

F 1 YU — K B NH;-N A4 #oE &

Tab.1 Flux of NH;-N diffusion at the sediment-water interface

T A B 2 de/dx/ Dy/ D./ F/
R EELE k (mg/(L-cm)) ¢ (x107® em?/s)  (x107% em?/s) (mg/(m?>-d))
K12 y=0.6483¢"%%+  0.955 0.134 0.613 9.80 6.011 4.269
M12  4=0.2124e'7%5%  0.699 0.065 0.569 9.80 5.573 1.774
M14  y=0.5356e"%%2*  0.805 0.132 0.499 9.80 4.892 2.793
N13  y=0.568¢"119*  0.946 0.129 0.506 9.80 4.961 2.791
P9 y=0.3138e"27*  0.664 0.080 0.436 9.80 4.274 1.282
P11 y=0.1656e"7°*  0.756 0.059 0.619 9.80 6.066 1.908
Q8  y= 0.6459¢"%7*  0.663 0.137 0.466 9.80 4.568 2.516

* UL L8O F O IEME, A AR TR BRSO F A 5.



2 EBRF . AHPLRLBRASAKRERAN BB 85

3 it
3.1 MR ERHFER Y ME =S

RIZVIRY B BK 5 LB KRS R I ), Fouk B LR A R /INAT ATE — 8 B R R s 1 15 e )
B kA BRI S, SR RIGREK S NH,-N B4 [ K RY B iash My foadhog irs R, 5
RIERZVORY BRI T NHE-N 5 _ R AR LB TE 4.149 ~34.073 22 [8], 76 ] B K 19 1= 1B X 3k M12 A
P11 SSEAL B HOAE AR &S K, NH -N 8 FE HLAE 20514 25.970 F1 34,073 ; 7E I B/K NH;-N W BEBAR Ay X 4, Hi ke
EHRAE /N, Horb K12 Ak ik B HO AR e /N M 4,149, M 14 N13 P9 Q8 ALY HLAE AT 4.858~16.614 Z ] ; iX
¢ T 12 2 00 PN R R A TRD B/ 1) AR A B T e R A

M BEZME NH,-N M25 8143 4 R B, 0~ 5 em MR JZ TR AT BRK B NH;-N ¥ BE 11 15 {5 IX 35 HH B 7R
MI12 M14 P11 K Q8 kb, ix 32 dy s HE T r i X 7 b s A %) 3 2538 IX A I GB K . 3 Tk gk
VLTG5 K , AG T 32 207 35 5 R R KAE Y B BEAS 8 30015 /K MR A3 3. TR0 4R 4 BT /K T B 3%
ICATI X ARG A 7K X, i 22 i M A R ) B2 R RELRS: 687 BH K IX 38k Ak T 4 % s PAT BRBR 285, 7K 8 1 & 044
XA, AT T K AU DR, B AT K 1T X 3R 2 00BN H-N R EE A . i B A IR
TBAY Y5 K 1) 20U 35 1) 45 23 i A 5 K BRI A SR 4R Sk R RE W 81, b TR 7k 3h s 4 i A8 A T e 8 X 4R
FATIE BURE X5 Bl 4 KA Bk , RAUK AU T AT RE R R, D G 3 257 BR YO B R 1 Rk &
A SREEES , E IR RIRE T, X R A EE R RZURY R R RN, L E KR
NH;-N ¥ BEAE WA PEILER Y K12 sSA 8, 2 B T30 8320 4 A DRI T LA S IR a8 T VR 1) 9% =0 9 7
ER B PEARE N KA NN W R A A3 A S BRI 0 1) e 0 0 T 25 ik P 3
3.2 TLARH E AR A x4 B STk

K12 m 0 MR TR A TR R TR, rh EDRAR A ML, He B HE R T AR X 45 /N A ) TR R B, il 15
FEHGHE R 5 (4.269 mg/(m® + d) ). P9 s i1 T YU ] Bk o B FLBREE AN 157 (0.436) , UL — /K FLTH VR
BREHEAR (0.080 mg/ (L - em) ) , i NH-N £ F {5 (1.282 mg/(m® - d) ) FIR AR T HAL L. i TWHAABI A
HEAT5 K 9 EUE R B e B /K AR 7] AR B S Sl e A o, e I 2 35 /K B S K AR A W i, e A5 7 7K
R DA RS, KA NH-N VR BERRAIS , DT 5 RS /K AR 5 T8 B /K 22 (8D B 22 57 S8 M14 N3 S 3RZ T
FR ) B e B R R B R A (F 43R 2,793 1 2.791 me/ (m® « d) ). BEAh, Q8 s for 3 A H Al X Jal 56
B, FUR TR ARAR Y AP SE T FR AR AR 3R 2. TR T8 e MR A it op — IR AR, &7 A ok B
Py FERAE IR, € RZDREHEAT A E 8 T, 20 23 7= AR il A 5 DR AR S AU E I E T 1 i)
BRAKAT HE NH-N, S5 B O R85 (2.516 mg/(m® - d)). ZREWH TkEIHRK, ZRKEHEENE
W), VA KA G Ak T 3R SRR S, 26 T TR e i DB A B 2 0 0 AL, 2R 4 R b v 0 AR S LY
SZARIEATOTE , (B R A P B R A A & A, AT T RE AR TR NH-N RS

R T R T B b U R RO L B KR B R R B FEAN S K TR 2, K IR A T 7R A, BT
AT AT BR K 1] B KR AR 2 TR AT U AR SE R P A =0 (2) 3R 45 SR R IR BEK NH-N 3
WO KRR S FE B, M RAES B P11(44.74% ) >M12(33.11% ) >Q8 (31.65% ) >K12(29.79% ) >M14
(26.92% )>P9(24.83% ) >N13(18.77% ) (% 2). X H5EAY #UE B M AAE— W25, FEEH TEBK
NH;-N § 806 LA ST W A5 NH,-N § 80 A 56, 8 57K DL NH,-N WA % Kk
NH;-N ¥ BEARAR , /KB, WA Bk NHE-N 3506 L K R B STRR SRR, P11 507 NH-N 899 HGE
R 1.908 mg/ (m? « d) IR B, (HR AR 52 R 3 05 5, 5K 44.74% 53X R BR T BB KK
A NH;-N REERAIE, 24 0.55 mg/L,JE AL T HR M #0B6 BE | 117 HH KRR 1.56 m, AHXF 40, T B P11
FITRI K3 18O B KPR AR AR, N13 sS4k NHG-N B9 F 805,35 2.791 mg/(m® - d) ;{HH T N13 8
D7 vKE KA NH; -N MR B, 35 1.49 mg/ Ly HAKIRN 2.00 m, AHXF AT, AT T (A BR K NH;-N §7 4%
Xof K AR B S FRE (G W BN, R 18.77% . 9k K12 f5f NH-N (% F 555,35 4.269 mg/(m® - d) ,{HH
T K12 fALAb KPR NH-N #EE K, 35 1.60 mg/L; vKEHIRER , i85 1.79 m, ITREAR T b AL NH;-N Bk
XK AR B GTBRFREE , W ABA 29.79% , HAE A (9 Y5 AR b FRARAY S AR . 24 13 BR324 1 T3 YL U
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AR A R R AR AR B KR A R 2R, DG XTI (AR P s T R

%2 BRI AT BT KR 5Tk %

Tab.2 Contribution of nitrogen diffusion from sediment to water body in Lake Ulansuhai

KAES F/(mg/(m?-d))  C,/(mg/L) H/m T,/d Cy/ (mg/L) W/ %
K12 4.269 1.60 1.79 200 0.48 29.79
M12 1.774 0.55 1.96 200 0.18 33.11
M14 2.793 1.30 1.60 200 0.35 26.92
N13 2.791 1.49 2.00 200 0.28 18.77
P9 1.282 0.67 1.55 200 0.17 24.83
P11 1.908 0.55 1.56 200 0.25 44.74
Q8 2.516 1.20 1.32 200 0.38 31.65

4 4ig

1) 5 R RE R R DR I BUK NHG-N e BEROR, R 5 B 300 IR NH-N 7778 M TRT B K ) 1
BUKMBE A e A 3, & R 3ok B U SR BB NHI-N 9“8

2) M PR K S NH,-N 3 HGE B A5, RUITE WK RES i fe b IR IR DT 2 7E vk B R E
b KA RN R UK 14— BN T A 1K 1) 2 S LR

3) WA B IR IR N DERR TR A KA, 5 B g 8] B K B 2059 BV, DR IR A IR TS e A
PR G | R P IR IR RO 1T K FRIE A R
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