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Effect of freezing on eutrophication in Lake Ulansuhai
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Abstract: In order to study the effect of freezing on lake eutrophication, Lake Ulansuhai, located in Inner Mongolia, was selected
as the study object. The ice and water sample were collected respectively by syringe water sampler and ice drill. The total nitrogen,
total phosphorus, CODg,, chlorophyll-a, ice thickness, water depth and transparency of each sample were measured. The
eutrophic state of Lake Ulansuhai before and after freezing were assessed by the means of fractal theory. The results showed that
there was a good negative correlation between water depth and ice thickness in Lake Ulansuhai, and the correlation coefficient was
0.54. The trophic state of water before freezing was eutrophication, and changed to heavy eutrophication after freezing. The results
also showed that nutrient elements such as nitrogen and phosphorus were ejected to water during the period of ice growth, that is to
say, the process of freezing had a good concentrating effect on pollutants in water. This effect also can make pollutants migrate from
water to sediment during ice growth process, which made the quality of under-ice environment deteriorate. While the concentrating
effect can provide theoretical basis and data support for the sediment dredging and ice-water separating during ice-on period.
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Fig.1 Location and sampling sites of Lake Ulansuhai
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Tab.1 The methods of each item

Eitn W i bRt s P ARG T R
KW KR il e R ¥ B R — 1 cm
SD SERHTE — 5 ¢m
Chl.a [LIES: ' i %78 SL 88— 2012 0.11 pg/L
TN TR B A 5281 43O BT GB 11894— 1989 0.05 mg/L
TP IR SO GB/T 11893— 1989 0.01 mg/L
COD, AR RN GB 11914— 1989 5 mg/L
rpwl(s) = Al Z(xpk _x'/k)z (1)
k=1
n-s+1 n-s+1 o
Ax, = Z & (2)

p=1 q=1 (n -s + 1)2
H,p, g=1.2, n=s+155=1.2 - w(w FERAZS MIAERD) .
(3) i (3) Al (4) THE AN 2 M PSRN T r, B C(S) , WA B DCBR A PR AL
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C(8) = ﬁz 2 H(ry =1,,(5)) (3)
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Tab.2 The estimation standard of water quality

Vi E| Chl.a/( mg/m?) TP/ (mg/m*) TN/ (mg/m?) COD,/(mg/L) SD/m
EF 1 2.5 30 0.3 10
B 2 5 50 0.4 5
g 4 25 300 2 1.5
R E R 10 50 500 4 1
HER 65 200 2000 10 0.4
EEESR 160 600 6000 25 0.3

PRESL PR AR IE N - (FUE SR, AR E IR R E R P EE SR, B ERMEREEIR) = (52.06,66.30,
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336.4,569.86,2271.48,6793.32).
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Fig.2 The variety of ice thickness and Fig.3 The relationship between ice
water depth of each sampling site thickness and water depth
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Tab.3 Original data and estimating results
112 K12 L15
UKEK  UKEK UKROK ukaiK ekEioK WRAK ukaEK skeik o ROk
Chl.a/(mg/m?) 66.33 95.48 120.40 102.41 85.43 140.30 33.17 30.15 50.25
TP/ (mg/m*) 140 180 280 100 440 670 100 70 110
TN/ (mg/m?) 830 900 3200 880 1169 4010 660 463 1500
COD,/(mg/L) 72.22 43.13 122.37 154.46 132.40 311.94 149.45 118.35 305.92
SD/m 0.62 5.80 0.70 0.89 5.50 0.85 1.20 6.50 1.00
RAERE S 1131.65 1221.30 3763.18 1278.02 1932.56 5337.74 1027.76 ~ 754.93  2133.28
W) RESR ORER EERER WER O FER EWER HER EER HER
MI12 N13 010
UKEZK  UKEK UKROK vkaik ukEioK WKRUK WKEIK vkEik o Rk
Chl.a/(mg/m?) 27.14 28.14 45.23 27.14 24.12 42.21 9.05 7.04 10.05
TP/ (mg/m*) 80 210 380 120 150 210 210 150 250
TN/ (mg/m?) 600 469 1420 260 238 1190 350 88 270
COD,/(mg/L) 122.37 70.21 213.64 108.32 62.19 195.59 105.32 31.09 98.29
SD/m 1.00 6.00 1.20 0.90 6.50 0.70 1.00 6.20 0.80
T 25 5% 898.95 846.60  2221.16  583.24 520.53 1761.66  767.97 326.61 723.57
BRieS] HER  EER EER  EHE HESR WHE HESF HER HER
P9 Q10 R7
UKEK  UKEK UKROK ukaiK ukEioK uRAK ukaEiK skEik o ROk
Chl.a/( mg/m?) 2312 2513 4020  27.14 3518 4221  30.15  18.09  26.13
TP/ (mg/m*) 80 40 90 70 30 90 60 100 160
TN/ (mg/m?) 290 325 1020 3060 313 5030 3470 175 5530
COD,/(mg/L) 154.46 78.23 271.82 150.45 108.32 325.98 77.23 41.12 127.38
SD/m 0.80 5.60 0.90 0.40 5.20 0.50 0.50 4.80 0.50
T 25 5R 638.29 514.73 1572.16  3390.80  541.46  5668.21 3673.86  372.14  5929.27
VAN 9051 HESF WHESF WMER EEHEF PHER EEESR BEERESR PEER HEER
U4 w2 S
VKRR uk@mlok o uKROK WKEIDK wk@ik WKROK wkmik K@k iRk
Chl.a/(mg/m?) 44.22 17.09 25.13 77.39 58.29 86.43 69.35 44.22 108.54
TP/ (mg/m*) 60 140 270 100 90 210 101 124 322
TN/ (mg/m*) 710 175 520 1440 391 2250 1242 600 2908
COD,/(mg/L) 54.16 40.12 101.30 121.36 69.17 224.68 140.42 67.20 261.78
SD/m 1.00 5.40 0.70 1.50 6.20 1.20 0.88 5.80 0.82
PEA 45 882.74 418.11 1006.54  1778.25 52598  2883.41 1607.93  877.14  3738.29
BRIl HEFR TEESR EEF O EER TEER EEE HER  RER EEHER

FIT RO P B IE BRI | 330 L6 DKl A FL 3 4 0 TR R 0K, TR AR UK R UR A5 A2 V5 0 U B oK 5, 5
TR =K FUTHT . T KSR IR AR, A58 REE i vK AR A A& 38, 1T R T 2 B A 15 e ) R R 1] IR, 7%
REA AR NS (A5 7E VK — /K S THT AL £ 7K 53 35 BB o TP AT £ | EL A 2 K i 8 R T OB e B
AR, FOR B TR K S Y R L T8 L v ok R T B A58 IR T R I BEHEFr 2= 0K R KA. (Y
I BE AR, DR At PR AR B AR, 7 8 PR AR e it TP 2 A3 T80 20 A AN RE A S N e 22 0K R R AR T
PHAFPAEL R KR Z A (18] 5) . R RS2 B (7 AR A i R 5 W IO 1 A v R ) FR AR AR UL, B AR
P 55 UK A AR KRS DK K PRGN K P T 2 TR 1 5 i 2 R AR OGO R IR IR SRR, vk R K
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Fig.4 The eutrophic state of water before icing, ice meltwater and under-ice water
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Fig.5 Schematic diagram of ice structure Fig.6 Temperature—concentration balance curve
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