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Fig.1 Location of the sampling points

in Ulansuhai Lake
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Tab.1 Methods for determining water quality indices
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Water quality indexes Determination methods
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2.1.1 TN UKARFIKAR A TN R B 20 A6 an ] 2(a). 0K
A TN E 0.17~1.91 mol/L, -3 0.67 mol/L ; /K44 TN
W 0.71~2.57 mol/L,“F-14 1.36 mol/L. 7KA& TN ¥ &
SEUKARR) 2.03 15, HBEA B EVEZ 7(P<0.05).
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Fig.2 Spatial distribution of total nitrogen (TN) in Ulansuhai Lake
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(P<0.05).

AR UK A NH,=N 3 FE 04 WL 3(b). R JZ VK
NH,—N % 0.00~0.59 mol/L, “F-% 0.18 mol/L; k—7K
THIVK NH,~N % 0.00~0.48 mol/L, V44 0.15 mol/L. 3
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Fig.3 Spatial distribution of ammonia nitrogen (NH;-N) in Ulansuhai Lake

2.1.3 TP VKRR TPIREE AT U 4(a). VKAE
TP ¥ & 0.03~0.16 mol/L, *F#4 0.09 mol/L; 7K 44 TP #&
& 0.00~0.11mol/L, *F 14 0.05 mol/L. ¥K4& TP # i &
KA 1.94 4, HEA B E M2 5(P<0.05).

TP EARIVKZE Tk FE 53 A1 Wl 4(b). RIEVK TP
W 0.02~0.21 mol/L, *F-45 0.11 mol/L ; vK—7K FL1Hi vk
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2.1.4 TOC KA FIK AR o TOC #FE 43Aii an F 5(a)e
VKR TOC ¥ £ 0.02~0.14 mol/L, *F-# 0.08 mol/L; /KA
TOC % 0.14~0.46 mol/L, ¥4 0.30 mol/L. 7K{ATOC
REEFRUKIRIN3. 7618, BA R R(P<0.05),
ANFVKIZE H TOCHKREE 7341 W 5(b). FJZVKTOC
W 0.00~0.25 mol/L, *F 33 0.10mol/L ; #K—7K F [ vk
TP ¥ B 0.00~0.15 mol/L, ¥ 35 0.06 mol/L. & JZ 1K
TOC K& 2 VK=K A VK ) 1.59 5 B Z A 2
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Fig.4 Spatial distribution of total phosphorus (TP) in Ulansuhai Lake
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Fig.5 Spatial distribution of total organic carbon (TOC) in Ulansuhai Lake
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Fig. 6 Spatial distribution of sodium ions (Na*) in Ulansuhai Lake
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Fig. 7 Spatial distribution of chloride ions (CI") in Ulansuhai Lake
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15 GIK—IK 7 BE R B R 2.
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Tab.2 Spatial distribution coefficients of
contaminant concentrations in the ice—water media

PRI TN NH,-N TP TOC Na* CI-
Pl 1.76 0.09 800 022 0.00 0.00
P2 0.08 0.00 350 0.09 001 0.0l
P3 0.27 0.21 1.00  0.04 0.00 0.00
P4 0.76 0.09 229 038 0.00 0.00
P5 0.27 0.79 118 0.67 0.00 0.00
P6 0.07 2.35 118 045 0.00 001
P7 1.92 0.00 8.00 071  0.00 0.0
P8 0.74 0.26 050  0.17 001 0.01
P9 0.89 0.32 050 023 001 0.01
P10 0.19 0.48 250 031 0.00 0.00
P11 0.22 0.16 433 042 0.02 0.02
P12 0.35 0.07 6.00 032 003 0.2

¥ 0.63 0.40 3.25 034 001 001
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JRAEVK T KA R 4
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3.1 SRR/ IK-IKERFTLEIID HIFIE
AW 5T B 4E vk A2 A TN NH,—N. TOC 7£ 7K
A H R B KT UK AR S 15 LW 45 Ko A% R OK A )
KA , 5 M R FL (M SO 55, 201 8a; 47 SCHe 5%
2018b; 2= P45 ,2020; T 405, 2016) 45 R — 2.
RACEE VKGR, UK PR IR A R T 4C, B R &
UKERAR VKRR, K AR HR S TR Eh B[] 2SR T K 1
IR TR AN BT R B SRS VKA, ~F R
FETE B 13 UK 2 5 1175 Geimadvag bt 4 s 2Kk A4k
H1(Gay et al,2003). LT LAE H 1A KA A
AR N S ISR A, [ 2S5 e HE e B R S5 1)
AR, P2 AR IR DG RS A 15 S BRI K AR5 Y 2

TP 7E UK IR B v T 0K R KA, 55 40 DS 9 45
(BT %, 200 T)A[Fl . JE R AT RE A& TE S5 vkl RE v, UK
PR KA M G 10 TP I KSR 15 KB R, HALF 3R
TP 2 B VKA K Z KAR TP & & UK S/ FTVK T
KIS 22 TR 2 ()52 (Nakawo et al 1981), f# £5 TP
FEVKAR (9 B 8 T 7K AR, T At 5 G ]l T4 R ik
iHENKME . 20 4 90 AR E S, - EWhE TP
FEPEEE TN S ETA K, FEHTIN S TP
FUAB KR T B 5 BT DAAR o 3 (5119990 & 75 5 A 1) A 1)
FERAE T X B R N ) (B8 98 %5, 2010) 0 X
T G F M K AR S5 UKL FR , kA TP A N T K ok g
] K AR IE RS , 1M P G 2 AT T UK, T2 ok st 1 DA
R NN T . SREEVKPRRRAL , KEVKIRP R IEA
I BRI IR & B SRR A .

3.2 LBRHEARKERTERY S HIFT

2= P4 (2020) © 5 B FRIF UK —7K AR R s Gt
VI ATRRAEREAT T 0T 5E . NS naf b b 7 figis 4
WA 3 AL % , FAT IR R A UK BB AR R AL oK
T VKA 5 e 784k, T DKk AT 2 2 S R
FEHAEA R K2 A a] AR A0 T g KR KRS E RS 1 5
A, e bR BV E T RAE = & IR A, i
E T RIEE TG 41 TOC K4 Eh & (Nat . ClI) 1R
bro BEFRIL, ASFVKE 1 NH;-N.TP.TOC £ % |2
VKA B T 0K — K LT K, 5 R SSHIF 70 45 B (o S0
25,2018a; (7%, 2017 M SUHe %, 2018b) 5 — 5K
P o (1D 5 ZRF g SR R AP REIR , BRCIR 22K, [ 45331
IKAELE VKA T R B R FE . R RE
DR Rl A B2 R IR A 2 45 7 UK A Y P8 97 26 T
TR K BN 7 565 BRI R 3K 215 B AE
VKK T2 § 7 e L P P IR IS, 8 9 B B T IR VR &
Wi R R ZE KA RZE R T ER .
(2) 2 W 5 P55 AT, 3 2 UK R TR P A1, Dk A= Kl
IR, AT BEAH 3R B8 22 I8 FR P00 T UK —7K T oK
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A K52 b E K as ORIRAE A, UK AR K T8 e /ME 3R
B E FRYIR , 5 3 NH,—N. TP TOC £ UK A 1 4=
KSR RZIK. (3D HRIZIKIIKEZRBURE
K(FLEE,2013).

TN VKK A MK E & T R)Z0K, 5 EX
WA AH AT FT 45 (2 P45, 2014 35 4k 545, 2009)
Ao —RIKEEERE G, BT RIRAE , UK
N NNE= S N = TN A 3R 5 P N 1 E
UK 3G 0, UK Hp SR (R] R A FE 078 0N i R 0
T8 7 () 85 FELR, KA v FR 0 o 4 o 1 i3k N\ UK —
IKFHIK
3.3 BRI EAMERS M

3 V0 U K PP A R 1) 35 B AR Sy 2 Nat
CI™( £ %N 55, 2015) , A 7K 44 J& T~ [CIINa Il A 7K
(B JRUIN 55, 2013) 0 K A& HR Na* AT CLok B2 3 It
IR I 0 R AR BE 33 T s e SR AR AR, By
AR A (T RS, 2001). A 34510 K W
Na*Fl CIm 7K AR iR &K T 0K Ak, 5 22 5 55 (2019) T 51
Fir 43 th i 8518 — 20, RS R IGEIK+ Natfl CI
FERAREE UK FE A, BT UK B B AT HE A6 246 358 20V I
TEVK R AR RS . EARIREE T , IR R i 0K 72
o, ER M E VK=K A 5 UK 2 BL R K AR =TT AR A 22 i)
HARAWIERFEALI , FATTAT LUK FE B AR IX AR LRSS
B KA VG AR T, 1 SR R 2 — Sl /N T
B H AN J T IR K A 5 T i 3K 2 UKt AN BT LA 3% 2
HIE TR — e RN BEE R RRSE PR,

BRI ESERE, &a R Rk . 78
VK=K FETHI i3, K&K o7 1 T 2B 1A FH fd 4 25
M, B 5 B G 7E UK 25 T 3R 10, BE TS FR S PR AR R 25
JRUKIZE o BEBHKIE &G KE 5y, a2kt TRk
A7 SR B, WK #5537 AR HE R RN, 545 3R 4 B UK A
TR E KA. I FR B vk —7K L Ak 23 (0 ik 2 37t
F TN R R B, AR FE ZE IHEN R [
T Ak ) 6 23 SR B S BU(ZE TE 55  2016) . R EILE
WSS UK R o, ER AR UK T KR TRk 4, S5 0K A
A HERR B2 RORL, B KA B 2 IR B i T kA
MRS o KA ER IR BT & R B — B Eh i 7%
YR, BUETTRRY  #h iR BT

SE Ak

B R, Z2E, AT, 2010, B EHH R SR B 2S84k
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Distribution and Exchange of Pollutants During the Icebound
Season of Ulansuhai Lake

LU Xing-shun',DING Xiao-yu',ZHAO Zi-wen',LI Jia', WU Lin-hui'?

(1. College of Ecology and Environment, Inner Mongolia University, Hohhot 010000, P.R.China;
2. Inner Mongolia Key Laboratory of Environmental Pollution Control & Waste Resource Reuse,
Inner Mongolia, Hohhot 010021, P.R.China)

Abstract: Ulansuhai Lake receives most of the farmland drainage in the Hetao Irrigation Area, as well
as domestic sewage and industrial wastewater from the villages and towns around the lake. As a result,
annual loading of nitrogen and phosphorus to the lake is high. The distribution of pollutants and the
exchange of pollutants at the ice—water interface and in the different ice layers of Ulansuhai Lake were
investigated during the icebound period in this study. In January 2019, water and ice samples were
collected at 12 sampling sites in Ulansuhai Lake (P1-P4 in the lake inlet; P5—P8 in the open area of the
lake; P9—P12 in the lake outlet). The concentrations of total nitrogen (TN), ammonia nitrogen (NH;—N),
total phosphorus (TP), total organic carbon (TOC), salt (Na*, Cl7) and other pollutants in the surface ice,
the ice—water interface and water were determined. The migration characteristics of pollutants between
water and ice were then analyzed using the distribution coefficients (C;/C,,) of contaminant concentrations
in the ice—water media. The concentrations of TN, NH,;—N, TOC, Na* and CI” in water were 2.03, 5.09,
3.76, 202.87 and 182.23 times higher than those in ice, while the TP concentration in ice was 1.94 times
of that in water. The TN concentration in the ice at the ice—water interface was 1.48 times that in the
surface ice while the concentration of other analytes in the surface ice was 1—1.5 times that in the ice—water
interface. There were no significant difference among pollutant concentrations within the ice. Spatially,
NH,—N and Na* concentrations were high in the lake inlet, TN and TP were highest in the open area, and
TOC was the primary pollutant in the lake outlet. The distribution coefficients for TN, NH,—N, TP, TOC,
Na* and CI” in the ice—water media were, respectively, 0.63, 0.40, 3.25, 0.34, 0.01 and 0.01. The freezing
process tends to exclude pollutants from the developing ice crystal, except for TP. The results of this
study provide a theoretical basis for water quality assessment of lakes during the icebound period and
support efforts to treat eutrophication and prevent pollution in Ulansuhai Lake and other lakes in cold and
arid regions.

Key words: icebound period; pollutant; distribution; migration; Ulansuhai Lake



