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Analysis on the eutrophication trends and affecting factors in Lake Hulun, 2006 — 2015

LIANG Li’e, LI Changyou™ , SHI Xiaohong, ZHAO Shengnan, TIAN Ye & ZHANG Lijie
( Water Conservancy and Civil Engineering College of Inner Mongolia Agricultural University, Hohhot 010018, P.R.China)

Abstract: Based on the water quality data of Lake Hulun from 2006 to 2015, the impact factors and the variation of eutrophication
in the Lake Hulun are analyzed. The salinity ranges from 0.75 to 1.71 ng/L and the average is 1.32 ng/L, the maximum value is
1.71 ng/L in 2010, and there after followed in a decreasing trend. pH is in the range of 8.78-9.40, indicating an alkaline water;
Transparency is in the scope of 0.17-0.26 m, continually decreasing in the recent three years. Dissolved oxygen varies between 4.05—
10.62 mg/L, with the mean value of 7.12 mg/L, and the variation of total nitrogen, total phosphorus and chlorophyll-a are 1.16 to
3.53 mg/L, 0.13-0.25 mg/L and 3.31-10.36 mg/m*, respectively. The ratio of N/P is 4.92—15.35. The water quality of Lake
Hulun is of type IV to V in accordance with the water standards of the surface water,and the lake is phosphorus-limited lake.The
eutrophication of Lake Hulun is evaluated with integrated nutritional status index method, and the results shows that the variation of
the eutrophicaiton of Lake Hulun is moderate-severe-moderate-mild during the period of 2006 to 2015. The main impact factors of
the eutrophication of Lake Hulun are exogenous inputs and runoff. The water depth and temperature of Lake Hulun are the drivers
of eutrophication, while pH, transparency, and dissolved oxygen are the most important factors of eutrophication of Lake Hulun.

Keywords : Eutrophication; integrated nutritional status index method ; impact factors; Lake Hulun
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PEFTVEAY %07 8 L Chla fE A FMES BTN, FrBUK SR A E | il it &K RS 80 E 33
IRETEEGTE AR, AN B SRR IR -G8 R AasTe 5. HE ARk .
TLI(X)= 3 W, - TLI() (1)
A TLI( Y ) REREEFTREIEG W, 058 j F S50 B IR RS BN AR DA ; TLI(G) RE j S50 s
FERBIREL, m AWM SEAIA S
FHEFREFEBOIE AN,
TLI(Chl.a)= 10(2.5+1.086 In Chl.a)
TLI(TP) = 10(9.436+1.624 In TP)
TLICTN) = 10(5.453+1.694 In TN) (2)
TLI(SD)= 10(5.118-1.94 In SD)
TLI(COD,, )= 10(0.109+2.66 In COD,, )
A, Chla 3478 mg/m’ ; SD B A m; HABFEFR BN H me/ L.
Chl.a fEREUESEL, MEE j FSE0H— LA A AL E TR AR
W/:’z/z/é’ffz (3)
XA, ry B A SECS Chla MHIDEREL. A SCGRI KT Z40CH Chl.a TP TN Al SD.
1 P EA OKE) FB2SES Chla BHIEER

Tab.1 The correlation between Chl.a and the other parameters of lake( reservoir) in China

S8 Chl.a TP TN SD CODy,
T 1 0.84 0.82 -0.83 0.83
ri? 1 0.7056 0.6724 0.6889 0.6889

v

TS5 AR A 0~ 100 19— FR BT SLBCFRHNA S FRRESHAT /R, o 208 3% . TLI( X ) <30, TVE 55 .
30<TLI( Y ) <50, EFE.50<TLI( ¥ ) <60, FEE E . 60<TLI( Y ) <70, HE & &35 . TLI( X ) >70.
TER—EFRRET B, g R E ™).

1.4 H\ES T RALE
B i 43T B A BER ) Excel 2003 1 SPSS 17.0 #fk.

2 R

2.1 FEE KRB ISR T Lia s

XF 2006— 2015 FFEFFASHI K AR BAL TR FR (R 4 2008— 2015 43R ) 2 (bt 47 04, BUEE4E 8 Ay
13 ARAE I, G5 R38R W  IE4EBR b S0 pH SD Al DO #B 52 30 R [RIAR B2 1 e 3. 6 B ARy L Ay
0.75~1.71 ng/L, Y3184 1.32 ng/L, 2010 4EEFE(E 1.71 ng/L, BiJE 2 B AE S IS pH 8 19728 636 B R
8.78 ~9.40 , /K IR B ; SD (28 ALTEFE 9 0.17~0.26 m, it 3 4FE3k SD 4 R DO e AL 35 /il Jy 4.05~
10.62 mg/L, ¥I{H N 7.12 mg/L(F 2).
2.2 BEHEFERK Chl.a THiEHE

2006— 2011 4E TN TP e J¥ SR L b TF#a%, Chl.a ¥ BE JE 14 )5 B 4% ; 2012 — 2015 4E TN, TP £ Chl.a
WM B 3). N/P HUTE 2007— 2015 4E 23 E A iE3. TN iR B AR ALY 1.16~3.53 mg/L,
SEYIE N 2.29 me/L, Hih 2007 4E TN ¥R, 9 1.16 mg/L; TP YRS ALIE BN 0.13~0.25 mg/L, V-3
B4 0.20 mg/L, ARHE( MR AKPABE BT A5 1fE ( GB 3838—2002) ), MFARTAZK BTk B h ROK FRBE BT i IV ~ V 28
FKIEFRUE. Chl.a e 1923 4ETE Bl 3.31~10.36 mg/m’® , BB N 7.35 mg/m*. N/P [H 4.92~15.35, ¥{l Jy
12.03. Redfield Z5I\ A IF BB T A MR I #% N/P FEo 16 B9 7 He B BEA70Y . PRIk KBRS o | B
AN Y N/P <7, ZURTT BB IS 28R 11024 N/P Lb>7, 0B 2 1T e i) BR il 1k 8 7 4k, 24 N/P L
AT 7 i, AT B R BRI PR IR R T D AT LATA A A8 0 A4 B 17 3 T B A .
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Fig.2 Variations of physical and chemical water quality indexes in Lake Hulun from 2006 to 2015

4.00 1 0.30 -

hed
i
=

0.24

T—\] —~

% 240 5, 0.18

g E

E 1.60 & 0.12
F

o
%
(=]

0
C QL PO DD D N0
O FEIDIIY
R M MR MRS
12.50(
10.00
E
= 7.50
£
2 500
=
o
2.50
Ob«\%quxﬂ,sv6$
R ORI/
R M MM

&l 3 2006— 2015 AFIFAR M E IR ER B Chl.a ¥R EEAR{L

Fig.3 Variations of nutrients and Chl.a concentrations in Lake Hulun from 2006 to 2015
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FIHAMNN 1.75.0.63 mg/ Ly 5048 5037 MR 6B

PITR T 53 12 1.6.,0.68 me/ L AU IS SR SBEAI % 43591 8 0.54,0.25 mg/L, AT WL K £ 38 2% 14
EFRERV R, PRI R AE LAV AL XU 35 XU, AR AT ] 38 6440%10° kg, FEZK A& AT 34 6.28x
10° m’/a; PKEHUIAEAE T2 AW 158.0x10° kg, &t 2.1x10* kg, &t 0.89%10° kg; JEvKEHINAG 176.8x
10* kg FE AW, 7B ABIE N 2.3x10" kg, AT R 0.97x10* kg™, AT WA HMNA FIH R &5 1R K
BERYESRYIRA . 5180 TG i S TSR O T BT R HER EE S A B R R
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Fig.5 Variations of nutrients concentrations in estuary from 2006 to 2015
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2006— 2009 45 TR, 2010— 2014 AEAR M HE AR 1T, B /R MR A28 3t dak () AR fh G 3 Sy 18 3 K IR I AR
A A SR AR I A AAR, -t ST NG 3, 2006— 2011 AEFPAE MI/K BB AR I8, 2006 4EHY 3.65 m
2 2011 4R/ 2.30 m, 2012 4FE, PEASIIK BRER AR N, i 2012 4R 2.36 m 3N 2015 4F1) 5.11 m( B
6) . ARHE B fHOGT WA T S SR SO 3 A BERL A AT, PPAS T 48N 2000 4530E AR ZK 3, T3 7 2012 4F A2 47 2%
183 A A MOKERAR L R, 15 B A 8 45 SR — 35 2006 — 2009 4F, A A2 3 b RR 4L F [, 7K
VRIS, S EOETA KA T B 5, WA I B SRR AR N T B IR AR 2010 AEE A R R,
WA K B AMA T WA /K AT RREE i, K R0, 180 1 v R K KA S e A5 2R B, K B AR5 BB TR
FLARBE AR, K 2010—2015 4F7KJFi e 2008 —2009 4E47H; , P I B B R Lm PR B & SRS
. HULRET, BT RGN, S A R TS G W A 3 I S S & TN TP W 2012 — 2015
AR S (HAE LT 2006 4F, TN TP ¥ B A7 T i 2>, 2015 4F TN ¥ B 2> 7.79% , TP W B T R& T
11.11% , K BT 22 BUAFE ik g, TR PR AR T A A28 T e oK R s A & AR & B b R R .
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Fig.6 Variations of runoff and depth in Lake Hulun from 2006 to 2015

32 FEHEERU S KA ERFHHEXXER

FEGEHIE E B IR S 5K T M E R L5 A E B IR LR 5 TL 5 % KA BE R 7 ok 56
oA, 45 R, TLT 5 pH DO .SD EhJ% TN Al N/P M4 & #4056, Hodb 5 pH. DO Al SD ¥y & i 2 1541
X, MR 0.491.,0.539 1 0.438, S5EL AT TN Al N/P ot 5 8 2 6M1 96, M R B39 -0.429
-0.576 F1-0.527( % 2). /K& pH BI2L5 BEE ML A VE A 0 IFAE W pH AYZE LT [ 8.78 ~9.40, /K
PR IR B , B PE R A R T8 AOE AR RS Y CO, R S Al de ™ . OB E ISR RN, A K
Y CO,,pH KT 48 =, pH J& Chl.a ZRLAHE S A T 8k TLI 55 pH BIEAHSEC R, KA 31K
ST S ALY (E A T JE R LBCRCA 3 32 Tolk s Y s g /N, A ALY A A R, 2t
e AR A P e KRS T, Kk DO 38, KK DO B2 Chla Z8fL R S8h N 70, 7Ll 5 DO £
EAIRICR. BN LR WOK AR S & i, WHRIEE S TL 2 O SCC &, U BH T i £ A 38 vl LA
il B2 A K. pH SD 1 DO MR MIAK IR KA B SRk i 25 SRmi AR T A i KR K= A R A &
FEARI R L KGR RUK RS A8 9 & A 58 3R A 3K 3h 1, T pH L, SD Al DO & W48 M /K 1k & A8 &
BIRATE WK T i EERIFEAR. A BRI KT E =Y 0, R kA & 8 Rk £ 5 W
F,TLI 5 TN \N/P WS A ARG, 55 TP SAEAASESC AR, Uh W nl RE 2 P 16 15 (4 BIR ol 2 PR -
4 4ig

LR 2006— 2015 AENFAR WK BTt AmilE A7 0T, S5 SR R, pH M 25 (L 8.70 ~9.40 , 7K i fl B 7 5
TN M AL E Ry 1.16~3.53 mg/L, TP e AR ALIE R 0.13~0.25 mg/ L, AR ¢ Hh 2R /K IR 5% B A fis

(GB 3838—2002) ) , MEAS /K i B &R B MR K IR B i IV ~ V ZRKIRARHE. N/P LS L IE A 4.92 ~
15.35, ¥{E A 12.03 , FEAE I Al Bl 1 8178 .
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2 WRAEH) TLI 52 /KBRS R T A OC C &R

Tab.2 The spearman rank correlation of water quality factors and TLI in Lake Hulun

KB SD pH DO 0 KR TN P N/P t TLI
IR 1.000
SD -0.142 1.000
pH 0.600 0.426 1.000
DO 0.455 0.123 0.661*  1.000
ENE S -0.857* -0.036  -0.833* -0.714*  1.000
7K ik -0.167  -0.061 0.190 0.643  -0.214 1.000
TN -0.261 0.265 -0.406 —0.382 0452  -0.238 1.000
TP -0.299  -0.034  -0.390  -0.244 0.422  -0.578 0.122 1.000
N/P It 0.115 0.080  -0.152  -0.345 0.048  -0.143 0.552  -0.591 1.000
TLI 0.115 0.438 0.491 0.539  -0.429 0.167  -0.576 0.177  -0.527 1.000

* /R P<0.05, 2257 W3 #x FoR P<0.01, 270 B 3%.

18 HZEG B IR TERIE XS 2006— 2015 AEIFAEIHIK AIEFT 5 B IRALITANT , 250K W AR 1 K R 52 L
Hy PR — T AR B R B TR ALK X A ) B SR AL R R R AT AT SRR e g
TR TR AR AT RE DR 3 SN IR AR AGBIAR 4, ] I 2K RN K AL S NP8 9 i A o B TR AL B SR Bl TR 3R
pH (SD FI DO J& A& 7K 1 5 8 SR AR MK BT B 32 R B A, AR 2 R 2R

WRAE K PR L 2 S B 8 SR AR K AT e ) T 75 A PR T A S 7 S D, ISR RPN B9 e . 3 ok A
SCEAIAT S0, TR R T A IR A AR 2 VA K ) IR b2 K K BT A T . PR e AR
G503 (1) BRAP AR WA S A 3, "™ A5 i G, 2o R, e A e st R O X, DA AR O OB AL e Oy
3, A BRI R RS 608, Dok B3Rk, B ks AR paly AR RS SRk s WA w B SR At . (2) i )
T AR S5 B4 A0, o SR TS s, B PR TS R R 2 K B AR ) R 25 K TR, DA T Dl ) 7K 775 S e
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